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talk 
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DANA Westmeier1. (1) Department of Nanobiomedicine, University Medical 
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Applications of nanoparticles (NPs) are rising exponentially in consumer 
products, biotechnology, and biomedicine. Hence, humans as well as the 
environment are increasingly exposed to NPs. Analogously, various 
(pathogenic) microorganisms are present in all major exposure and entry sites 
for NPs in the human body as well as in environmental habitats. However, the 
field has just started to explore the complex interplay of NPs with microbes, 
and its (patho)biological consequences. 
Based on recent insights, we here critically review our knowledge on the 
interaction of NPs with microbes and its analytical investigation. We comment 
on how the NPs' characteristics influence complex formation with 
microorganisms, present underlying physico-chemical forces, and provide 
examples how this knowledge can be used to rationally control NP-microbe 
interaction. We particularly will discusse the role of biomolecule coronas on 
NP-microbe crosstalk, and on impact of NP-microbe complex formation on the 
(patho)biological outcome and fate of microbial pathogens. 

COLL 2 

Spontaneous lipid corona formation at lipid bilayers 

Franz Geiger, geigerf@chem.northwestern.edu. Dept of Chem Tech KG G6, 
Northwestern University, Evanston, Illinois, United States 

Spontaneous lipid corona formation, i.e. without active mixing, at stationary 
lipid bilayer model membranes and bacterial cell envelopes is reported along 
with ribosome-specific outcomes for multi-cellular organisms. Mechanistic 
insights into lipid corona formation from imaging and spectroscopic 
experiments as well as atomistic and coarse-grain computer simulations are 
presented. The results help us understand why some nanomaterial/ligand 
combinations are detrimental to organisms, like Shewanella and Daphnia 
magna, while others are not. 



COLL 3 

Interfacially-stabilized polymeric nanosystems for drug delivery 

Marc A. Ilies, mailies@temple.edu, Uttam Satyal, Jennifer A. Shif, Vishnu D. 
Sharma. Department of Pharmaceutical Sciences, Temple University School 
of Pharmacy, Philadelphia, Pennsylvania, United States 

Polymeric drug delivery systems (DDSs) can change the pharmacokinetics 
and volume of distribution of chemotherapeutic drugs, focusing their action on 
the tumor site. For DDSs made out of block copolymers these features are 
directly influenced by the structure of the two interfaces present in the block 
copolymers: the hydrophilic-hydrophobic interface and the interface between 
the chemically stable and the biodegradable polymeric blocks. The two 
interfaces coincide in conventional PEG-based amphiphilic diblock 
copolymers, which make them susceptible to hydrolysis and premature 
degradation by amphiphilic esterases, resulting in a dramatic decrease of their 
circulation time in vivo. 
We will present data showing that micelles generated from interface-
engineered PEG-PBO-PCL triblock copolymers can resist esterases present 
in blood better than micelles made out of standard PEGPCL congeners, but 
can be degraded faster than these ones by specific esterases over-expressed 
in tumors, thus showing selective stability blood/tumor. 

COLL 4 

Dynamic remodeling of synthetic lipoproteins in blood serum solutions 

Sean F. Gilmore1, gilmore24@llnl.gov, Sandra Peters1, Paul T. Henderson2, 
Craig Blanchette1, Nicholas Fischer1. (1) Lawrence Livermore National 
Laboratory, Oakland, California, United States (2) UC Davis, Dublin, 
California, United States 

Nanolipoprotein particles (NLPs) and other types of synthetic lipoproteins are 
gaining interest as tools for formulating vaccines and therapeutics. However, 
the interaction between endogenous proteins, such as those in blood serum, 
and these particles has not been well characterized, and is a potential liability 
for translation to clinical use. NLPs prepared with DOPC and DMPC were 
previously shown to rapidly dissociate in serum on the order of several 
minutes. This process is marked by a decrease in the NLP population, as well 
as an increase in the free scaffold protein that was formerly bound to the 
circumference of these particles. In order better understand the relationship 



between lipid structure and particle stability, we performed a systematic study 
in which particles were prepared with lipids consisting of acyl chains of varying 
lengths (14 to 24 carbons) and double bond numbers (0, 1, or 2). Following 
incubation in serum ( ~90% or 10% in cell culture media), the particles were 
analyzed using size-exclusion chromatography to characterize how the 
population of NLPs changed, both in terms of average size, as well as the 
quantity of intact particles. In general, we find that particles prepared with 
most lipids dissociate to 50% of the initial population under 30 minutes, with 
longer acyl chains correlating with slower dissociation. Particles prepared with 
DSPC (18 carbons, 0 double bonds) are notable in that that they do not 
appear to dissociate to 50% of the initial population within 8 days in serum. 
Additionally, we present our ongoing work to characterize how individual 
serum components interact with the particles. 

COLL 5 

Mechanisms of binding and assembly of complement factors on 
nanoparticles 

Dmitri Simberg1, dmitri.simberg@ucdenver.edu, Fangfang Chen2, Guankui 
Wang1, Seyed M. Moghimi3, Vivian P. Vu1. (1) University of Colorado, Aurora, 
Colorado, United States (2) Department of Gastrointestinal Surgery, China-
Japan Union Hospital, Jilin University, Changchun, China (3) The Faculty of 
Medical Sciences, King George VI Building, Newcastle University, Newcastle 
upon Tyne, UK, and Division of Stratified Medicine, Biomarkers & 
Therapeutics, Institute of Cellular Medicine, Newcastle University, Newcastle 
upon Tyne, United Kingdom 

Serum protein corona has been a focus of substantial research in 
nanomedicine, due to its importance for the biological function of drug delivery 
systems. Complement cascade is the critical part of serum immunity 
responsible for infusion-related toxicity and clearance of nanoparticles, but the 
mechanisms of assembly of complement factors on nanoparticles and 
relationship to other components of the corona are poorly understood. Using a 
MRI contrast agent superparamagnetic iron oxide core (SPIO), we studied 
mechanisms of opsonization with human complement components C3. 
Quantitative immunoblotting suggested that on average each nanoparticle 
bound tens of C3 molecules, constituting up to 35% (w/w) of absorbed serum 
protein. Theoretical calculations and high-resolution electron microscopy 
demonstrated that serum protein corona and C3 constitute a small fraction of 
nanoparticle volume and likely invade the nanoparticle shell. Further analysis 
showed that C3 was covalently bound to the soft protein corona. Significant 



fraction of C3 was exchangeable and dissociated from nanoparticles along 
with the soft corona, in vitro and in vivo. We further demonstrate that bound 
immunoglobulin is one of the critical parts of the corona that regulates 
complement C3 opsonization. The dynamic and exchangeable nature of 
complement activation in the context of the corona dictates new strategies to 
improve safety and hemocompatibility of nanomedicines. 

COLL 6 

Gold nanoparticles and proteins. Quid pro quo 

Luis Liz Marzan, llizmarzan@cicbiomagune.es. CIC biomaGUNE, Donostia - 
San Sebastian, Spain 

The application of gold nanoparticles in nanomedicine requires a detailed 
understanding of their interactions with proteins, as protein adsorption can 
largely affect the behavior and fate of the nanoparticles in vivo. Recent 
advances in colloidal synthesis methods have opened the door to a wide 
variety of well defined gold nanoparticle morphologies, in high yield and with 
narrow size distribution, with the great advantage of tunability in their 
properties. The inherent anisotropy of some of the available morphologies 
makes it however even more challenging to obtain a clear picture of protein 
adsorption and in vivo behavior. This communication will introduce recent 
advances in the synthesis of anisotropic gold nanoparticles, and initial studies 
toward the analysis of protein corona formation, both in vitro and in vivo. 
Additionally, we shall discuss recent work related to the application of gold 
nanoparticles to identify fibril formation in amyloid proteins. 

COLL 7 

Protein interactions with stealth-coated gold nanoparticles 

Nolan T. Flynn4, nflynn@wellesley.edu, Amal W. Cheema2, Amanda L. 
Code2, Maria T. Phan3, Alejandra Uchitelle1, Andrew Webb5. (1) Wellesley 
College, Wellesley, Massachusetts, United States (2) Chemistry, Wellesley 
College, Sharon, Massachusetts, United States (3) Chemistry Department, 
Wellesley College, Lowell, Massachusetts, United States (4) Dept of 
Chemistry, Wellesley College, Wellesley, Massachusetts, United States (5) 
Biological Sciences, Wellesley College, Wellesley, Massachusetts, United 
States 



The utility of nanoparticles for myriad biomedical applications is contingent 
upon their ability to reach the target site in vivo. Interactions of these 
nanoparticles with proteins influences both basic physicochemical properties 
(size, charge, extent of aggregation) and efficacy of targeting. Here, we report 
the investigation of the interaction of polymer-coated gold nanoparticles 
(AuNPs) with either a single protein (human serum albumin, HSA) or a model 
complex biological fluid containing many proteins (human serum, HS). We 
assessed the utility of a polymer coating, which consists of either 
poly(ethylene glycol) (PEG) or a zwitterionic polypeptide of predominantly 
glutamate and lysine (PEK), upon exposure of AuNPs to HSA or HS. Dynamic 
light scattering and zeta potential measurements indicate substantive changes 
in nanoparticle aggregation and surface charge following interaction for bare 
and both types of polymer-coated nanoparticles. The size (~150 nm) and 
surface charge (~ −15 mV) is independent of the initial AuNP state. Parallel 
work indicates that these changes influence the stability of the particles. Two 
spectroscopic techniques enabled determination that the total amount of 
protein adhering in the inner or “hard” corona is significant and not reduced by 
the presence of polymer coatings on the AuNPs. Using HPLC-MS, we 
identified the proteins within HS that adhered to each AuNPs type. Particularly 
at high HS concentration, the proteins sticking to all particle types, regardless 
of the surface modification, was significantly larger in number than the unique 
proteins adhering to any specific AuNP type. 

COLL 8 

Structure and orientation of a small protein on a gold nanoparticle 
surface 

Yasiru R. Perera, yrp7@msstate.edu, Alex Huges, Nicholas 
Fitzkee. Chemistry, Mississippi State University, Starkville, Mississippi, United 
States 

Nanoparticle technology has been a growing field in biomedical research. This 
is in part due to potential applications in drug delivery, biosensing, 
diagnostics, and imaging. Understanding the interactions, structure, and 
dynamics of biomolecules on nanoparticles is highly desirable. Solution NMR 
can be used as a novel method of identifying characteristics of biomolecules 
when they interact with nanoparticles. Our previous work suggests that the 
GB3 protein forms a monolayer on gold nanoparticle (AuNP) surfaces and 
remains globular. We have employed hydrogen-deuterium exchange (HDX) to 
probe the tertiary structure of GB3 when adsorbed. Remarkably, highly-
protected residues on the AuNP surface are also highly protected in solution, 



and there is a strong correlation between HDX rates under both conditions. 
The HDX rates of the AuNP surface-bound protein were notably lower than 
the free protein in solution. These results suggest that adsorption increases 
the stability of GB3, and that this protein retains its native structure on the 
AuNP surface. The orientation of GB3 was determined by carrying out two 
novel experiments; competitive binding and methyl labeling of lysine residues. 
Lysine residues in the β-sheet region of GB3 were resistant to methylation 
when bound to AuNPs, suggesting that these residues are buried at the NP-
biocorona interface. This result is supported by competitive binding 
experiments, which demonstrate that mutagenesis of β-sheet lysines 
significantly disrupts binding. The results reported here demonstrate that 
proteins can retain a stable, well-defined structure and orientation when 
adsorbed to NP surfaces, and may be significant for the general study of 
biomolecular protein coronas. 

COLL 9 

Using an environmentally-relevant panel of Gram-negative bacteria to 
assess the toxicity of polyelectrolyte-wrapped gold nanoparticles 

Joseph T. Buchman1, jbuchman@umn.edu, Ali Rahnamoun2, Katie M. 
Landy1, Xi Zhang3, Ariane Vartanian3, Lisa Jacob3, Catherine J. Murphy3, 
Rigoberto Hernandez2, Christy L. Haynes1. (1) Chemistry, University of MN, 
Minneapolis, Minnesota, United States (2) Chemistry, Johns Hopkins 
University, Baltimore, Maryland, United States (3) Chemistry, University of 
Illinois at Urbana-Champaign, Urbana, Illinois, United States 

Due to the unique physicochemical properties of engineered nanomaterials, 
they are being used in increasing amounts in consumer products. This 
increased use of nano-enabled products leads to an increased probability that 
nanomaterials will be released into the environment at any stage of the 
product’s lifetime, where the interaction of engineered nanomaterials with 
organisms is not well understood. This work uses a panel of five Gram-
negative bacterial models that occupy diverse habitats and have different 
environmental roles to assess the impact of polyallylamine hydrochloride-
wrapped gold nanoparticles (PAH AuNPs). Due to the diversity of these 
bacteria, they are more representative of bacteria in the different 
environments NPs may end up in. Minimum bactericidal concentration data for 
PAH AuNPs shows that the different bacteria experience a range of toxicities 
after NP exposure. This is a benefit of the panel, which serves as a platform 
for screening the toxicity of different nanoparticles. This panel shows which 
bacteria are experiencing the most toxicity, identifying those that are good 



candidates for follow-on work to investigate the mechanism of nanoparticle 
toxicity. PAH AuNP binding to the bacterial surface was visualized with 
transmission electron microscopy and quantified with flow cytometry. To 
further probe the interaction of PAH with the bacterial surface, a process 
mediated by the lipopolysaccharides (LPS) on Gram-negative bacteria, all-
atom models using LPS with different characteristics were employed. These 
models show that overall charge and the number of phosphate groups in LPS 
impact PAH binding. Simulations were also performed to explore the energy 
differences in binding of PAH to a model smooth and rough LPS structure. 
These simulations represent a method with which to further understand the 
toxicity of colloidal nanoparticles in the environment. This panel can be 
adapted for a range of nanomaterials beyond AuNPs, which is beneficial since 
using a varied assortment of environmentally-relevant Gram-negative bacteria 
introduces biological complexity to obtain more generalizable toxicity results 
when assessing nanotoxicity. 

COLL 10 

Force-modulated multivalent binding of fimbriated bacteria 

Erik Reimhult, erik.reimhult@gmail.com, Anders Lundgren, Peter van 
Oostrum. Dept. of Nanobiotechnology, University of Natural Resources and 
Life Sciences, Vienna, Vienna, Austria 

Many bacteria interact with surfaces via long (µm) and thin (nm) tethers called 
fimbriae or pili. For Escherichia coli (E. coli), type I fimbriae are implicated in 
the formation of pathogenic biofilms in the urinary tract via both specific and 
non-specific bonds. Colonization of abiotic surfaces such as catheters using 
nonspecific bonds have severe impact on hospital care and human suffering. 
We investigated the role of fimbriae in the interaction of bacteria under shear 
with surfaces displaying different densities of nanoscopic mannose or 
hydrophobic domains, produced by functionalization of self-assembled 
nanoparticles in a PEGylated glass capillary. The tip of type I fimbriae form 
specific bonds with domains of mannose, implicated in so-called catch bonds, 
while only non-specific bonds can form to hydrophobic patches of the same 
dimensions. 
We applied newly developed digital phase contrast holographic microscopy to 
map bacteria 3D trajectories. This technique can be used to measure position 
with ~50 nm precision at high time resolution, as well as size, orientation and 
density. Simultaneously, flow shear forces acting on the bacteria were 
measured by resolving the laminar shear flow profile from the movement of 
free-flowing bacteria. We show that fimbriated E. coli form loose bonds 



and, irrespective of binding specificity, undergo a rolling motion regulated by 
the number of fimbriae forming bonds with the surface. This motion slows 
down and eventually stops in response to increased flow. The loss of 
translational motion is caused by a shear force-induced shift of the bacteria 
towards the interface, leading to additional binding of shorter fimbria and 
thereby increasing the binding valency. Our data suggest that fimbriae allow 
bacteria to explore different surface niches, responding both to the affinity and 
number of available contact points, as well as to flow. In contrast to other 
force-controlled binding mechanisms, e.g. catch-bonds, force modulation of 
the binding valency is generic; it is not limited to a specific interaction, but 
merely dependent on general properties such as the number, length 
distribution and mechanical properties of the tethers forming bonds. We argue 
that this effect may be ubiquitous in biology and play an important, but 
overlooked, role in cellular interactions under physiological conditions. 

COLL 11 

Clay-based microstructures as alternatives to chemical dispersants in 
bioremediation of crude oil: Studies with model marine organisms 

Lauren T. Swientoniewski1, lswiento@tulane.edu, Marzhana Omarova2, 
Robert Blake3, Tianyi Yu4, Sicheng Zhang1, Abhishek Panchal5, Yuri M. Lvov5, 
Donghui Zhang4, Vijay T. John2, Diane A. Blake1. (1) Biochemistry and 
Molecular Biology, Tulane Univ School of Medicine, New Orleans, Louisiana, 
United States (2) Chemical and Biomolecular Engineering, Tulane University, 
New Orleans, Louisiana, United States (3) College of Pharmacy, Xavier 
University of Louisiana, New Orleans, Louisiana, United States (4) Chemistry, 
Louisiana State University, Baton Rouge, Louisiana, United States (5) Institute 
for MIcromanufacturing, Louisiana Tech University, Ruston, Louisiana, United 
States 

Clay (aluminosilicate)-based microstructures, including halloysite clay tubes 
and kaolinite clay sheets, adsorb to the crude oil-water interface and form 
Pickering emulsions. The energy required for emulsion formation is equivalent 
to that provided by ocean turbulence, and the stability of the resulting droplets 
extends for more than a week. The increased surface area of these droplets 
enhances crude oil bioavailability for ubiquitous marine bacteria and makes 
these dispersants an environmentally friendly alternative to chemical 
dispersants. In this study we used Alcanivorax 
borkumensis and Cycloclasticus pugetii, Gram negative species that bloom in 
the presence of crude oil, to study growth, electron transport and biofilm 
production in the presence of clay microstructures. Both pristine and surface-



modified clay microstructures stimulated the growth of A. borkumensis in 
synthetic medium containing hexadecane or crude oil as the sole carbon 
source. These microstructures also increased the production of the 
biosurfactants that aid biodegradation. Carbonized kaolinite sheets were most 
effective at stimulating biofilm production after 3 and 6 days of culture. Mixed 
cultures containing both A. borkumensis and C. pugetii appeared to produce 
more biofilm after 3 days than either organism alone. Confocal microscopy 
was used to observe cells stained with DAPI in an exopolymer matrix 
visualized with fluorescently labeled concanavalin A or wheat germ agglutinin. 
We used an OLIS CLARiTY spectrophotometer to study electron transport in 
the turbid solutions of intact cells plus or minus clay-based microstructures . 
When A. borkumensis was mixed with a carbon source under physiological 
solution conditions, a difference spectrum developed after 8-10 minutes. The 
reduced minus oxidized difference spectrum exhibited absorbance maxima at 
423, 524, and 555 nm, spectral properties characteristic of redox-active b-type 
cytochromes. The oxidation of this cytochrome b behaves as though it is the 
rate-limited step during aerobic respiration of A. borkumensis on sodium 
pyruvate.  

COLL 12 

Remodeling of fluid Interfaces by bacteria 

Daeyeon Lee2, daeyeon@seas.upenn.edu, Tagbo H. Niepa2, Liana Vaccari2, 
Robert Leheny3, Mark Goulian4, Kathleen J. Stebe1. (1) Chem Biomole Dept 
Rm 311A, Univ of Pennsylvania, Philadelphia, Pennsylvania, United States (2) 
University of Penn, Philadelphia, Pennsylvania, United States (3) Physics and 
Astronomy, Johns Hopkins University, Baltimore, Maryland, United States (4) 
Biology, University of Pennsylvania, Philadelphia, Pennsylvania, United States 

Bacteria become trapped at fluid interfaces. By adsorbing to the interface, 
they eliminate a patch of interface, lowering the free energy of the system. 
When trapped at an interface, bacteria can sense their local environment, and 
associated stress can lead them to restructure the interface. In this study, we 
compare the responses to confinement at a hexadecane-water interface of 
two Pseudomonas aeruginosa strains that are known to form biofilms on solid 
surfaces using pendant drop elastometry, single particle tracking and 
transcriptional profiling. The P. aeruginosa PAO1 cells remodel the interface 
to form films of bacteria at interfaces (FBI), i.e. solid films of bacteria and their 
products, even in the absence of flagella, pili, or certain polysaccharides, 
whereas the PA14 cells do not form FBI at the oil-water interface. To 
understand the biological implications of these features, transcriptional profiles 



were established for both strains and showed that upregulated expression of 
genes associated with transcriptional profiling include those for putative 
enzymes and a carbohydrate metabolism enzyme in PAO1 cells. Our findings 
suggest that gene expression is altered by interfacial confinement, and that 
the ability to metabolize alkane may play a role in the formation of elastic film 
at oil-water interfaces. 

COLL 13 

Structure and mechanics of microbial biofilms 

James Wilking, james.wilking@coe.montana.edu. Montana State University, 
Bozeman, Montana, United States 

Microbial biofilms are multicellular communities of bacteria that exist on a 
variety of surfaces and are implicated in a large number of industrial and 
medical problems. Biofilms can also be beneficial and are used in wastewater 
remediation and the production of bioproducts such as antibiotics. Knowledge 
of biofilm structure and mechanics is critical for both biofilm removal and 
biofilm engineering, but remains limited, largely due to the complexity of these 
multicellular biological systems. Here, we present the use of a centrifugal 
force microscope and stereolithography-based 3D printing to study model 
biofilm forming organisms to gain fundamental knowledge of biofilm 
mechanics and structure.  

COLL 14 

Programmable bacterial biofilms via growth microenvironments 

Allon Hochbaum, hochbaum@uci.edu. University of California, Irvine, Irvine, 
California, United States 

Microbial communities are ubiquitous – found in natural and anthropogenic 
environments – and regulate processes spanning vast scales and ecological 
niches from the human microbiome to biogeochemical cycles. Surface-
associated bacterial communities, called biofilms, are smart materials: they 
are self-organizing, self-renewing, respond to environmental stimuli, and 
perform complex functions. Therefore, biofilms represent an ideal system in 
which to study structure-function relationships in bacterial communities. 
Chemical gradients, such as of oxygen, nutrients, and signaling molecules, 
determine critical processes within biofilms. Biofilm morphology, species 
segregation and organization affect these gradients and thus community 



function. In this talk, I will describe our efforts to parse and manipulate the 
interactions governing community development in multispecies bacterial 
biofilms of Escherichia coli and Pseudomonas aeruginosa. These species 
have an antagonistic relationship in coculture, and we have identified some of 
the chemical and biophysical driving forces of these interactions, including a 
new biofilm dispersal signaling pathway. Furthermore, using microfabricated 
growth substrates, we are able to modulated the competitive signaling 
interactions within these coculture biofilms. Structured substrates alter biofilm 
morphology and deterministically switch a biological signaling pathway 
between E. coli and P. aeruginosa via manipulation of metabolite exchange 
rates. In this way, physical cues are transduced to chemical stimuli which 
control biofilm outcomes and community properties, including antibiotic 
susceptibility and probiotic resistance to pathogens. With these and other 
studies of biophysical mechanisms of bacterial signal transduction, we are 
developing design principles for engineering the structure and properties of 
multi-species bacterial biofilms. 

 

COLL 15 

Bacterial interactions with immobilized liquid surfaces 

Caitlin Howell1, caitlin.howell@maine.edu, Joanna Aizenberg2. (1) University 
of Maine, Orono, Maine, United States (2) Harvard University, Cambridge, 
Massachusetts, United States 

Bacterial interactions with surfaces are at the heart of many infection-related 
problems in healthcare. Recently, immobilized liquid (IL) layers inspired by the 
Nepenthes pitcher plant have been introduced as a new approach to 
controlling bacterial adhesion. In this work, the interactions of three clinically-



relevant bacteria with IL layers are investigated. Although the layers are found 
to reduce bacterial adhesion in all cases, complex interactions of the bacteria 
and liquid layer under orbital flow conditions are uncovered. The number of 
adherent Escherichia coli cells over multiple removal cycles increases in flow 
compared to static growth conditions, likely due to a disruption of the liquid 
layer continuity. Surprisingly, however, biofilm formation appears to remain 
low regardless of growth conditions. No incorporation of the bacteria into the 
layer is observed. Bacterial type is also found to affect the number of adherent 
cells, with more E. coli remaining attached under dynamic orbital flow than 
Staphylococcus aureus, Pseudomonas aeruginosa under identical conditions. 
Tests with mutant E. coli lacking flagella confirm that flagella play an important 
role in adhesion to these surfaces. The results presented here shed new light 
on the interaction of bacteria with a new type of material surface, highlighting 
the fundamental differences between IL layers and traditional solid interfaces. 

COLL 16 

Understanding heterogeneous populations of P. aeruginosa at the single 
cell level 

Connie Chang, connie.chang@coe.montana.edu. Montana State University, 
Bozeman, Montana, United States 

Pseudomonas aeruginosa biofilm infections are difficult to treat using 
antibiotics in part because the biofilms contain subpopulations of dormant 
antibiotic-tolerant cells. Dormant subpopulations of Pseudomonas 
aeruginosa biofilms that are linked to chronic infections tolerate antibiotic 
treatment and then repopulate the infections when conditions become 
favorable. In collaboration with Michael Franklin (MSU Microbiology & 
Immunology), single-cell studies of P. aeruginosa PAO1 populations were 
performed using drop-based microfluidics to quantify heterogeneity of dormant 
cells in this population. Dormant cells of P. aeruginosa lack the ability to 
resuscitate, so upon the re-introduction of nutrient after a period of starvation, 
they are unable to grow or grow slowly. In this work, maintenance of cell 
viability during dormancy is discovered to be dependent on the hibernation 
promotion factor (HPF) gene, which maintains ribosomes in an inactive state 
and is important for cellular integrity. Using single cells encapsulated in drops 
of water-in-oil, the Chang lab was able to isolate, identify, and follow the 
growth of these single cells over time to distinguish between non-dormant, 
wild-type cells, and dormant Dhpf cells. 

  



COLL 17 

Molecular dynamics simulation study of alpha-tocopherol interaction 
with lipid bilayers 

Sepideh Kavousi, skavou1@lsu.edu, Brian Novak, Dorel 
Moldovan. Mechanical Engineering, Louisiana State University, Baton Rouge, 
Louisiana, United States 

We present unbiased molecular dynamics (MD) simulation of 14 α-
tocopherols in lipid bilayers and the potential of mean force (PMF) and 
associated mean first passage times (MFPTs) for a single tocopherol as a 
function of its distance from the bilayer center along the bilayer normal 
direction. We considered palmitoyloleoylphosphatidylcholine (POPC), 
palmitoyloleoylphosphatidylethanolamine (POPE), 
dimyristoylphosphatidylcholine (DMPC), and dipalmitoylphosphatidylcholine 
(DPPC) lipid bilayers. The objective of this study was to gain a better 
understanding of the tocopherol position, orientation, and effect it has on the 
lipid bilayer structure. The unbiased simulation results show that the position 
of the peak of tocopherol density profile is just below the lipid carbonyl group 
for all four lipid bilayers; position that is very close to the location of the 
minimum in the PMF profile. The results for tocopherol position for POPE was 
close to experimental results, while for POPC and DPPC experimental data 
showed the tocopherol position much closer to the liquid-water interface than 
MD simulation. Consistent with the density profile, the number of hydrogen 
bonds between tocopherols and the lipid carbonyl groups is four times greater 
than the number between tocopherols and the lipid phosphate groups. The 
difference between the PMF when the tocopherol is in solution compared with 
the PMF minimum is large due to the hydrophobic nature of tocopherol. There 
is also a maximum in the PMF at the center of the bilayer, so there is a barrier 
for the tocopherol to cross the bilayer center. However, this barrier is only 
around 3.5 kT so tocopherol flips between the bilayer leaflets are observed 
quite frequently in the 14 tocopherol system. The flip-flop frequency is 
calculated directly from the 14 tocopherol simulations and by using the MFPTs 
from the PMF simulations, and the two values are in good agreement. The 
PMF barrier in the POPC lipid bilayer is smallest, and consistent with that it 
has the highest flip-flop frequency. POPE and DMPC have approximately 
equal PMF barriers which are lower than for POPC, and they have the 
smallest flip-flop frequencies. 

  



COLL 18 

Amphiphilic polypeptoids connect nanoparticle containing lipid rafts 
onto lipid membranes through self-assembly 

Vijay T. John3, vj@tulane.edu, Yueheng Zhang4, Tianyi Yu2, Marzhana 
Omarova5, Donghui Zhang1. (1) 437 Chemistry Materials Building, Louisiana 
State University, Baton Rouge, Louisiana, United States (2) Chemistry, 
Louisiana State University, Baton Rouge, Louisiana, United States (3) Tulane 
Dept of Chem Bio Engr, New Orleans, Louisiana, United States (4) Chemical 
and Biomolecular Engineering, Tulane University, New Orleans, Louisiana, 
United States 

Hydrophobically modified polypeptoids (HMPs) are amphiphilic pseudo-
peptidic macromolecules with hydrophobic groups attached randomly along 
the polypeptoid backbone. While native nonionic polypeptoids (with no side 
chain hydrophobes) have no intrinsic interactions with liposomes, HMPs 
interact with the lipid bilayers through hydrophobe insertion into the bilayers, 
and thus disrupt the bilayer to form HMP+Lipid fragments or rafts. But the 
most striking and novel aspect of our observations is the propensity of these 
HMP+ lipid rafts to reattach onto intact liposomes to form additional layers. 
Our observations indicate that there is a sheet-like winding and assembly of 
these rafts onto liposomes leading to double and multiple layers on liposomes. 
The transition from single bilayer to multiple bilayer structures is characterized 
by small angle neutron scattering (SANS) and cryo-transmission electron 
microscopy (cryo-TEM). We propose a mechanism whereby the HMPs insert 
their hydrophobic tails into adjacent bilayers and thereby serve as the 
connective glue between bilayers. At higher HMP concentrations, the 
liposomes are entirely disrupted into much smaller nanostructures through 
extensive hydrophobe insertion. Interestingly, these small structures can 
reattach to fresh unilamellar liposomes and self-assemble to form new two-
bilayered liposomes reminiscent of two-bilayered organelles such as the 
nucleus in eukaryotic cells. We show that these properties can be directed to 
the encapsulation of highly hydrophobic drug and nanoparticle species in lipid 
rafts with reattachment to liposomes. The use of these observations to direct 
cell entry and induce endocytosis is also detailed. 

COLL 19 

Systematic study of structure-function relationships in synthetic, 
Archaea-inspired tetraether lipids 



Geoffray Leriche4, Takaoki Koyanagi4, Young Hun Kim4, Kaifu Gao2, David 
Onofrei1, Olivia Eggenberger6, Nathan C. Gianneschi3, Gregory P. Holland1, 
Michael K. Gilson2, David Sept5, Michael Mayer6, Jerry C. Yang4, 
jerryyang@ucsd.edu. (1) Department of Chemistry and Biochemistry, Arizona 
State University, Tempe, Arizona, United States (2) School of Pharmacy and 
Pharmaceutical Sci., U. C. San Diego, La Jolla, California, United States (3) 
Chem M/C 0343, University of California, San Diego, La Jolla, California, 
United States (4) Chemistry and Biochemistry/MC 0358, University of 
California, San Diego, La Jolla, California, United States (5) Biomedical 
Engineering, University of Michigan, Ann Arbor, Michigan, United States (6) 
Adolphe Merkle Institute, Fribourg University, Fribourg, Switzerland 

This presentation will describe the design, synthesis, and membrane 
properties of a family of tetraether lipids inspired from Archaea lipids. Archaea 
are a class of single-celled microorganisms that are evolutionarily distinct from 
other life forms, and are commonly seen as extremophiles that live in harsh 
environments such as hot springs, salt lakes, hydrothermal habitats, and the 
rumen of animals. Among the many characteristics that make these 
organisms quite different from either prokaryote or eukaryote organisms are 
the unusual structural features of their lipids that facilitate their survival in such 
extreme environments while retaining the capability to incorporate functional 
biomolecules. Here, we synthesized a series of novel membrane-spanning 
tetraether lipids inspired from Archaea to systematically examine the effects of 
1) membrane tethering, 2) number and type of rings incorporated into the lipid 
chain, 3) type of hydrophilic head groups, and 4) incorporation of covalently-
attached cholesterol groups on their capability to form robust membrane-
forming materials. We will present results on the thermal stability and leakage 
properties of liposomes generated from this series of bio-inspired, synthetic 
lipids. These studies provide molecular level insight into some fundamental 
design principles that Archaea may have evolved to maintain membrane 
integrity in extreme environments. 

COLL 20 

Interplay between passive and active membrane mechanisms regulates 
the formation of the immunological synapse 

Oded Farago, ofarago@bgu.ac.il. Biomedical Engineering, Ben Gurion 
University of the Negev, Beer Sheva, Israel 

Adhesion between a T cell and an antigen presenting cell (APC) is achieved 
by TCR-pMHC and LFA1–ICAM1 protein complexes. These segregate to form 



a special pattern, known as the immunological synapse (IS), consisting of a 
central quasi-circular domain of TCR–pMHC bonds surrounded by a 
peripheral domain of LFA1–ICAM1 complexes. Insights gained from imaging 
studies had led to the conclusion that the formation of the central adhesion 
domain in the IS is driven by active (ATP-driven) mechanisms. Recent 
studies, however, suggested that passive (thermodynamic) mechanisms, in 
particular membrane-mediated interactions, may also play an important role in 
this process. In the talk, I will review some of our recent theoretical studies of 
membrane-mediated mechanisms for protein aggregation. Insights gained 
from these studies are used for developing a simple lattice model for the 
contact area between a T cell and an APC. The model takes into account the 
membrane-mediated attraction between the TCR–pMHC bonds and the 
effective forces that they experience due to ATP-driven actin retrograde flow 
and transport by dynein motor proteins. Monte Carlo simulations of the model 
exhibit a good spatio-temporal agreement with the experimentally observed 
pattern evolution of the TCR–pMHC microclusters. We use different sets of 
simulations to determine the role played by the passive and active forces in 
the process, and to explore the intricate interplay them which regulates the 
aggregation of the IS. 

COLL 21 

Ultra coarse-grained molecular dynamics simulations of lipid bilayers 

Jan Michael Carrillo, John Katsaras, Bobby Sumpter, sumpterbg@ornl.gov, 
Rana Ashkar. Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States 

Using implicit solvent simulations, we are able to perform ultra coarse-grained 
molecular dynamics (MD) simulations of real-size lipid bilayer systems. This 
approach is designed to circumvent the inherent limitations of all-atom MD 
simulations in accessing length and time scales that are compatible with 
scattering experiments. The simulations are found to replicate the behavior of 
biomimetic lipid bilayer systems used to model structural features of cell 
membranes. Specifically, we validate the efficacy of this approach in 
simulating neutron scattering data from unilamellar lipid vesicles with different 
bilayer rigidities. The simulated vesicle form factors and membrane thickness 
fluctuations are obtained from calculations that mimic small angle neutron 
scattering (SANS) and neutron spin echo (NSE) experiments, respectively. 
Furthermore, the simulation protocol was expanded to domain-forming 
vesicles and topologically-modulated supported bilayers. Simulations on 
vesicles are used to evaluate domain stability, size and scattering form 



factors, as well as the thermal fluctuations in different phase bilayers. 
Simulations on supported bilayers allow observation of the correlations 
between domain size, surface curvature, and bending rigidities, providing 
significant insights into the interplay between these membrane features, 
including line energy and entropy. These simulations help in interpreting 
experimental results, and enable an improved molecular understanding at the 
molecular level. 

 

COLL 22 

Phonon-mediated biological functions of a cell membrane 

Mikhail Zhernenkov, zherne@bnl.gov. Photon Sciences, Brookhaven 
National Laboratory, Upton, New York, United States 

It has been widely accepted that the thermally excited motions of the 
molecules in a cell membrane is the prerequisite for the cell to carry its 
biological functions. On the other hand, the detailed mapping of the ultrafast 



picosecond single-molecule and the collective dynamics in a cell membrane 
remains rather elusive. In the present work, for the first time, we provide a 
convincing experimental evidence for propagating in-plane transverse phonon 
modes in a single component DPPC membrane and optical phononic modes 
in binary DPPC-Cholesterol systems. These transverse phonon modes in 
DPPC exhibit phononic gaps upon temperature increase, providing a direct 
signature of the existence of transient voids caused by short-lived lipid density 
fluctuations that mediate solute permeation across the membrane. The finding 
supports the mechanism of passive transport through entropic expulsion of 
the solute from higher to lower lipid density regions across the membrane. In 
binary DPPC-Cholesterol systems, the optical phononic branch exhibits 
energy-momentum gap. The gap evolution as a function of Chol%mol 
provides insight into the mechanism defining the membrane’s surface tension. 

COLL 23 

Melting and exchange kinetics of nano-crystalline micelles: Implications 
for lipid dynamics 

Reidar Lund1, reidar.lund@kjemi.uio.no, Nico Koenig1, Thomas Zinn2, Lutz 
Willner3. (1) University of Oslo, Oslo, Norway (2) ESRF, Grenoble, France (3) 
Forschungszentrum Juelich, Juelich, Germany 

It is well known that liquids confined to small nanoscopic pores and droplets 
exhibit thermal behavior very different from bulk samples. Here we 
demonstrate that n-alkanes forming 2-3 nm small micellar cores are 
considerably affected by confinement in analogue with hard confined systems. 
We study micelles form by self-assembly of a series of well-defined n-Alkyl-
PEO polymers in aqueous solutions. By using small-angle X-ray scattering 
(SAXS), densiometry and differential scanning calorimetry (DSC), we show 
that n-alkane exhibit a first-order phase transition i.e. melting. Correlating the 
structural and thermodynamic data, we find that a melting depression can be 
accurately described by the Gibbs-Thomson equation. 
The effect of core crystallinity on the molecular exchange kinetics is 
investigated using time-resolved small-angle neutron scattering (TR-SANS) 
using a kinetic zero average contrast (KZAC) variation scheme. We show that 
the dynamics exhibit a cross-over from cooperative at low temperatures to 
single-chain independent diffusion at high temperatures. In the talk we will 
present a combined thermodynamical and kinetic analysis of the molecular 
exchange dynamics of crystalline micelles and actively compare with results 
from lipid systems.  



COLL 24 

Investigating the effects of changes in ligand density on leukocyte 
rolling, adhesion and binding kinetics 

Grishma Prabhukhot1, grish1@umbc.edu, Rohan Banton2, Charles 
Eggleton1. (1) Mechanical Engineering, University of Maryland, Baltimore 
County, Arbutus, Maryland, United States (2) ARL, Abeerdeen, Maryland, 
United States 

Investigating the effects of leukocyte adhesion to the endothelial walls is 
imperative for determining their characteristic response to sites of 
inflammation. To that end, we have studied the adhesive behavior, rolling, 
deformation and binding of leukocytes under viscous linear shear flow 
conditions. In our study we implemented a computational approach involving 
an immersed boundary method to solve the Naiver-Stokes equation for the 
motion of an elastic capsule (representative of a leukocyte) near a plane 
(representative of the endothelial wall) in a linear shear flow. We utilized a 
finite element method to solve the constitutive equation for the Mooney-Rivlin 
membrane of a spherical capsule; and a Monte Carlo scheme for simulating 
the formation and breakage of receptor-ligand bonds with kinetic rate 
constants. 
While previous studies have given the significance of leukocyte rolling, 
deformation and adhesion to a fixed areal quantity of ligand site density, our 
studies have highlighted the effect of changes in ligand site density and the 
subsequent impact on leukocyte rolling, deformation and binding kinetics for a 
range of membrane stiffness in linear shear flow varying from 25 s-1 to 150 s-
1. In our work the leukocyte (capsule), was modeled with a radius of 3.75 µm. 
The capsule surface was coated with P-selectin glycoprotein-ligand-1 to bind 
with the (endothelial) plane wall surface coated with P-selectin (receptors) 
with densities varying from 60-150 /µm2. 
The preliminary results in figure 1 shows the capsule deformation as a 
function of shear rate for areal ligand density of 60/µm2. The results revealed 
that at this fixed areal ligand density, the strain hardening capsule (psi=1.0) 
has lower deformation as compared to strain softening membrane (psi=0.0) 
for all shear rate. Additional results not shown here, reveal that increase in 
areal ligand density up to 150/µm2 produced more cell deformation across all 
shear rates considered. 

 



 

COLL 25 

Two-dimensional pi-conjugated covalent organic networks: Establishing 
chemical structure – electronic properties relationships 

Jean-Luc E. Bredas, jean-luc.bredas@chemistry.gatech.edu. School of 
Chemistry Biochemistry, Georgia Institute of Technology, Atlanta, Georgia, 
United States 

Two-dimensional (2D) covalent organic frameworks (COFs) with pi-
conjugated cores and various linkers as building blocks have attracted great 
interest since their electronic properties can be tuned via topology and extent 
of conjugation within the 2D network. Here, we describe the results of recent 
density-functional theory studies combined with tight-binding modeling on a 
series of simple COF structures. These are specifically designed to provide a 
systematic understanding of geometric structure–electronic properties 
relationships. 
In particular, we focus on the correlation between the calculated electronic 
properties (in terms of nontrivial flat bands, highly dispersive bands, or Dirac 
cones) and factors such as the symmetry of the COF building blocks, the 
lattice structure, and the characteristics of the core frontier molecular orbitals. 

COLL 26 

Computational tools for chemical insight in molecular electronics 

Gemma C. Solomon, gsolomon@nano.ku.dk. Department of Chemistry, 
University of Copenhagen, Copenhagen, Denmark 

As we try to understand why molecules behave as they do in electronic 
devices, we need new theoretical approaches that deliver more than just 
experimental observables. While agreement with experiment is undoubtedly 
the goal, at the same time we must ask what other information theory can 



provide. In this talk, I will outline some of our recent work looking at how we 
can use calculations of current density, complex band structure and the 
combination of simulation and machine learning to provide a richer 
understanding of transport phenomena. 

COLL 27 

Charge transport mechanisms in molecular junctions 

Dvira Segal, dsegal@chem.utoronto.ca. Chemistry, University of Toronto, 
Toronto, Ontario, Canada 

The role of incoherent scattering effects on charge conduction in molecules 
can be explored using the phenomenological Landauer-Buttiker's probe (LBP) 
method. In the past, this easy-to-implement approach has been extensively 
employed to research incoherent effects in transport, yet mostly limited to 
mesoscopic devices in linear response. I will describe our recent work in this 
area. We had demonstrated that the LBP method can capture different 
transport mechanisms, coherent, incoherent, and a mixed behavior. We had 
further extended the method to simulate incoherent charge transfer 
phenomena under finite voltage biases. More recently, we used the LBP 
technique to simulate the electrical conductance of DNA and its thermopower. 
I will describe comprehensive simulations of charge conduction in DNA, and 
demonstrate that in many cases the mechanism of conduction cannot be 
classified as either tunneling or multi-step hopping. If time allows, I will discuss 
applications of the LBP method to studies of vibrational heat transfer through 
molecules. 

COLL 28 

First-principles calculations of charge transport: Weakly coupled and 
strongly coupled molecular junctions 

Zhenfei Liu1, zfliu@lbl.gov, Sivan Refaely-Abramson1, Fabien Bruneval2, 
Jeffrey B Neaton1. (1) Molecular Foundry, Lawrence Berkeley National 
Laboratory, Berkeley, California, United States (2) Service de Recherches de 
Metallurgie Physique, CEA, DEN, Universite Paris-Saclay, Gif-sur-Yvette, 
France 

In this talk I will present a self-energy corrected density functional theory 
(DFT+Σ) approach, for accurate first-principles calculations of charge 
transport through molecular junctions. I will first review its performance for 



weakly coupled molecular junctions, such as those formed using donor-
acceptor bonds, e.g., Au-bipyridine-Au junctions. I will also discuss in detail 
our recent developments of this approach, extending it to strongly coupled 
molecular junctions, such as those formed using covalent bonds between gold 
and short peptides. In both cases, we achieve quantitative agreements in 
linear-response conductance with experimental measurements. 

COLL 29 

In search of structure-activity relationships in transition metal-based 
molecular conductors 

John Mcgrady, john.mcgrady@chem.ox.ac.uk, Vaida Arcisauskaite, James 
Lamb. Chemistry, University of Oxford, Oxford, United Kingdom 

Much of the recent momentum in the field of molecular electronics has 
revolved around organic components, where the conjugated pi system 
typically offers an efficient pathway for the transfer of electrons. As a result, 
structure-function relationships that allow electron transport properties to be 
predicted a priori are now well established, and are used extensively to inform 
the ongoing synthetic effort. Transition metal-based systems, in contrast, have 
been less extensively explored, but their innate electronic flexibility offers a 
number of potential advantages. Thus, ligand field effects, changes in redox 
and spin state, metal-metal bonding and combinations thereof all offer 
mechanisms for tuning the frontier orbital domain and hence the availability of 
transport channels near the Fermi level. Structure-function relationships are, 
however, less well established, and it remains unclear what features of a 
transition metal molecule or cluster will give rise to desirable characteristics in 
the context of electron transport. The design of molecular rectifiers is a case in 
point: Aviram and Ratner set out the guiding principles over 40 years ago, but 
beyond the need for some degree of asymmetry, it remains unclear what 
combination of metal, redox states, spin states and ligands will lead to 
optimum performance. In this presentation I will review our recent 
computational work on transition-metal based clusters, both linear and three-
dimensional, that sheds some light on the relationship between the structure 
and composition of a cluster and its ability to support the flow of current. 

 



 
Potential drop across a trimetallic NiRu2 conductor 

COLL 30 

Quantum-interference-enhanced thermoelectricity in single-molecule 
junctions 

Colin J. Lambert, c.lambert@lancaster.ac.uk. Lancaster University, 
Lancaster, United Kingdom 

Experimental evidence of the effect of quantum interference on the room-
temperature electrical conductance of single-molecules opens the possibility 
of manipulating quantum interference in single molecules and self-assembled 
molecular layers. 
In this talk, I will present a brief outline of current understanding of quantum 
interference in single-molecules and then discuss our recent works 
demonstrating how quantum interference can be exploited to increase the 
thermoelectric performance of single molecules and assemblies of molecules 
connected to nano-gap electrodes. Results will be presented for the 
thermoelectric properties of metallo-porphyrins, endohedral fullerenes and 
oligoynes. 

COLL 31 

Utilizing the helical frontier orbitals of cumulenes in molecular 
electronics 



Marc H. Garner1, gpz485@alumni.ku.dk, Roald Hoffmann2, Anders Jensen1, 
Louise Hyllested1, Sten Rettrup1, Gemma C. Solomon3. (1) Department of 
Chemistry, University of Copenhagen, Copenhagen O, Denmark (2) Cornell 
Univ, Ithaca, New York, United States (3) Department of Chemistry, University 
of Copenhagen, Copenhagen, Denmark 

The degenerate frontier orbitals of cumulenes with even number of double 
bonds (odd no. of carbon atoms) can be described as helical. Upon reduction 
of the molecular symmetry in these cumulenes, the orbitals split into quasi-
degenerate pairs of P and M helices. a,w-disubstitution reduces the symmetry 
from D2d to C2 and makes the symmetry-adapted molecular orbitals explicitly 
helical. We present a strategy for breaking the quasi-degeneracy of the 
orbitals by using substituents. Due to the symmetry of the helical orbitals, 
coherent electron transport is predicted to be very low when the orbitals are 
quasi-degenerate as there will be destructive interference between the orbital 
pairs of opposite helicity. Through density functional theory and non-
equilibrium Green’s functions calculations we predict a difference of almost 
two orders of magnitude in the transmission depending on the substituent 
pattern. These results outline a strategy for designing cumulene-based 
devices where the coherent transport is predominantly through helical orbitals 
of the same helicity. 

 
 
The degenerate frontier molecular orbitals of unsubstituted [4]cumulene are 
perpendicularly oriented π-systems, while the frontier molecular orbitals of 1,5-
dimethyl-[4]cumulene are quasi-degenerate P and M helices. 

COLL 32 

Spin-polarized transport through molecular junctions from first 
principles 



Carmen Herrmann, carmen.herrmann@chemie.uni-hamburg.de. Department 
of Inorganic Chemistry, University of Hamburg, Hamburg, Germany 

Spin-dependent effects in electron transport through molecular junctions can 
manifest in different forms, such as magnetoresistance, Kondo signatures, or 
additional switching mechanisms. In many cases, the underlying physical 
processes cannot be revealed by experiment alone. We show how first 
principles calculations can help to understand such phenomena, and discuss 
open challenges. 

 
 
Local transmission contributions illustrating how electrons may take different paths 
through a molecule depending on their energy. Depending on the spatial distribution 
of unpaired spin density in the molecule, this may affect the spin-dependence of 
transport properties. 

COLL 33 

Moving electrons: Quantum transport, time dependence, phonons, 
interference and probes 

Mark A. Ratner, ratner@northwestern.edu. Northwestern Univ, Evanston, 
Illinois, United States 

Molecular dynamics involving electronic transport has been an important 
aspect of chemical sciences. Pioneering work was done by Hans Kuhn in 
Germany in the early 1970’s. In 1974, Ari Aviram and I published the first 
quantitative paper concerning molecular electronics. 
 
Since then, the field has expanded enormously, but the time-dependent 
motion is rarely studied, despite the fact that the time-dependent results can 
provide deeper insights into our knowledge, and possibly to applications. 
 



This talk will be devoted to outlining the methodology of using time dependent 
methods. Following that, I will present a few diagrams, equations, and 
remarks concerning interference and molecular electronics. Some insights 
into the electronic behavior will be demonstrated.  

COLL 34 

Bimetallic Janus nanocrystals 

Younan Xia, younan.xia@bme.gatech.edu. Molecular Science Engineering 
Building, Georgia Institute of Technology, Atlanta, Georgia, United States 

Bimetallic Janus nanocrystals offer new features and applications not 
supported by their counterparts with a core-shell, core-frame, or core-satellite 
structure. However, there are only a very limited number of reports on 
bimetallic Janus nanocrystals, primarily due to the lack of a general and 
robust methodology for their synthesis. To generate bimetallic Janus 
nanocrystals, the atoms to be deposited should only nucleate from one of the 
multiple equivalent sites on the surface of a seed and this particular pattern of 
symmetry breaking must be maintained throughout the growth process. In this 
talk, I will discuss how the initial reduction rate of the precursor can serve as a 
deterministic knob for controlling the nucleation pattern of seed-mediated 
growth. When the surface diffusion of adatoms is suppressed, the initial 
reduction rate can be manipulated to ensure that the heterogeneous 
nucleation of atoms will naturally show selectivity towards a singular surface 
site and take an asymmetric growth pattern, leading to the formation of a 
Janus structure. 

COLL 35 

Crystal phase-engineering of novel nanomaterials 

Hua Zhang, hzhang@ntu.edu.sg. School of Materials Science and 
Engineering, Nanyang Technological University, Singapore, Singapore 

In this talk, I will summarize the recent research on the crystal phase-
engineering of novel nanomaterials in my group. It includes the first-time 
synthesis of hexagonal-close packed (hcp) Au nanosheets (AuSSs) on 
graphene oxide, surface-induced phase transformation of AuSSs from hcp to 
face-centered cubic (fcc) structures, the first-time synthesis of 4H hexagonal 
phase Au nanoribbons (NRBs) and their phase transformation to fcc Au 
RNBs, the epitaxial growth of 4H Ag, Pt, Pd, PtAg, PdAg, PtPdAg, Rh, Ir, Ru, 



Os and Cu on 4H Au NRBs, and the phase transformation of two-dimensional 
transition metal dichalcogenide (TMD) nanomaterials. In addition, we start to 
investigate the crystal phase-based properties and applications in catalysis, 
surface enhanced Raman scattering, waveguide, photothermal therapy, 
chemical and biosensing, etc., which we believe are unique and critically 
important not only fundamentally, but also practically. Importantly, the concept 
of crystal-phase heterostructure is proposed. 

COLL 36 

Understanding the removal pathways of dislocations in imperfectly 
attached nanocrystals using in-situ HRTEM 

Justin Ondry2, justin.ondry@gmail.com, Matthew R. Hauwiller2, Paul 
Alivisatos1. (1) University of California, Berkeley, Berkeley, California, United 
States (2) Department of Chemistry, University of California-Berkeley, 
Berkeley, California, United States 

Oriented attachment of nanocrystals is a well-known crystal growth process in 
biological, geologic, and synthetic nanomaterials. Recently, elegant schemes 
for synthesizing ordered inorganic structures by epitaxially connecting 
nanocrystals through oriented attachment have been developed. Epitaxial 
crystal attachment is irreversible, and thus any errors, such as dislocations, 
can be locked into the structure. We use high resolution transmission electron 
microscopy (HRTEM) imaging to observe the structure of dislocations that can 
result from imperfect attachment and track their dynamics as they are 
removed from the material. We observe b=½<110> edge dislocations that 
result from attachment of PbTe particles on either the {100} or {110} surface 
facets. For the particles attached on {110} facets, the glide plane of the 
dislocation, determined from the burgers vector, is collinear with the 
attachment direction preventing the dislocation from easily traveling to the 
surface to be annihilated. Indeed, we observe that, under electron beam 
irradiation, removal of dislocations is difficult from {110} attached particles. For 
attachment on {100} facets, the glide plane for the dislocation is noncolinear 
with the attachment direction, giving the dislocation a short path to the surface 
for annihilation and we observe the dislocations quickly move along the glide 
plane to the surface yielding a perfect interface. Based on the defect 
dynamics observed in rock salt nanocrystals, we believe this reveals an 
important design rule for preparing defect free epitaxially attached nanocrystal 
solids. Nanocrystals should be attached on a facet such that, if a dislocation 
were to form from step edges, the glide plane of that dislocation is not 
collinear with the attachment direction to facilitate dislocation removal. Finally, 



we explore the different attachment directions and dislocation structures that 
can result from oriented attachment of tetrahedral semiconductors such as 
wurtzite and zinc blende CdX (X=S,Se,Te) which represent another important 
class of nanocrystal based materials. 

COLL 37 

Controlled syntheses of gold nanostars for stronger surface enhanced 
Raman scattering 

Chaoyang Jiang, chaoyang.jiang@gmail.com. University of South Dakota, 
Vermillion, South Dakota, United States 

Gold nanostars have sharp branches on their surface and such unique 
morphology can result in unusual plasmonic properties and remarkable 
applications. There have been several reports on the stronger activities in 
surface enhanced Raman scattering (SERS) for gold nanostars than spherical 
nanoparticles. Since gold nanostars are a product of kinetic process and they 
are thermodynamically unstable, several approaches have been developed to 
stabilize the star shape of these gold nanostars. In this talk, we report a new 
method to increase the stability of gold nanostars by introducing extra freezing 
ligands into the colloidal solutions. In-situ UV-vis spectroscopy was used to 
study the surface plasmon resonances of the reaction systems in order to 
monitor the process of nanostar formation and morphology evolution. Various 
ligands were studied to freeze the nanostars’ morphology. It is found that the 
freeze efficiency depends on the bonding strength between the ligands and 
surface of gold nanostars. The SERS activities of the resulting gold nanostars 
were examined and enhanced SERS detection was observed clearly on the 
gold nanostars with sharp branches. 

COLL 38 

Fluorescene kidney functional imaging enabled by renal clearable gold 
nanoparticles 

Jie Zheng, jxz087000@utdallas.edu, Mengxiao Yu. Chemistry, UT Dallas, 
Richardson, Texas, United States 

Kidney disease as a "silent killer" is influencing more than 10% population 
worldwide. Thus, developing new imaging techniques that can advance our 
fundamental understandings of kidney disease progression is critical to early 
detection of kidney diseases. In this talk, I will present how to take advantage 



of unique in vivo transport of renal clearable luminescent gold nanoparticles to 
develop a low cost but high-sensitivity fluorescence imaging technique for 
kidney functional imaging. The photophysical properties and physiological 
studies will be presented in the details. The strengths of renal clearable 
luminescent gold nanoparticles over other fluorophores in the kidney 
functional imaging will also be discussed. 

COLL 39 

Do nucleation and growth have to be twin events in nanoparticle 
formation? 

Yugang Sun, ygsun@temple.edu. Department of Chemistry, Temple 
University, Philadelphia, Pennsylvania, United States 

Controlled growth and transformation of colloidal nanoparticles are essential 
to synthesize functional nanomaterials with tailored properties. However, the 
involving chemical and physical processes are very complicated and barely 
understood, which limits the precise control over the nanoparticles. In this 
presentation, synchrotron x-ray scattering techniques will be discussed to 
serve as a unique in-situ approach to monitor these processes in real time. 
The strong penetration power of the synchrotron x-rays enables the possibility 
to probe the solid colloidal nanoparticles in liquid solutions. The real-time 
results provide new kinetics information involving in the fast formation of 
nanoparticles. The interpretation of the kinetics data is nontrivial since the 
assumptions have to be reasonably consistent with the characteristic details 
of multiple-phase reactions. The presentation will focus on the possible 
explanations of the growth kinetics of forming silver chlorobromide nanocubes 
via fast precipitation reactions and silver nanoparticles via the fast microwave-
assisted reduction of silver nitrate. Whether continuous nucleation exists 
along the growth of nanocrystals will be discussed with a particular interest. 

COLL 40 

One-pot synthesis of heterostructured RuCu alloyed nanotubes 

Hongfei Cheng, hcheng009@e.ntu.edu.sg, Hua Zhang. School of Materials 
Science & Engineering, Nanyang Technological University, Singapore, 
Singapore 

Bimetallic nanoalloys, composed of noble metals and transition metals, have 
drawn great interest in the field of catalysis. By alloying noble metals with non-



noble transition metals, the catalytic performance can be enhanced due to the 
synergistic effect, and meanwhile the cost of materials can be reduced. The 
Ru, one kind of noble metals, has high catalytic activity in selective 
hydrogenation, CO oxidation, etc., but its application is limited by the high 
cost. Although bulk Ru is immiscible with Cu, the nanosized Ru can form solid 
solution with Cu over a wide range. Fine composition and morphology control 
of the nanostructured bimetallic catalysts is important for achieving optimal 
catalytic performance. Herein, a facile one-pot wet chemical method is 
developed for the synthesis of a heterostructured RuCu nanoalloy, which 
shows a hollow tube structure with dendrites uniformly grown on the 
periphery. Molar ratio of Ru to Cu can be tuned by changing the reaction time 
and the molar ratio of precursors, which will affect the morphology of the 
tubular structure. Furthermore, Cu can be etched out from the RuCu alloy 
without changing the morphology, generating Ru nanotubes. Time-evolution 
experiments indicate that, first Cu nanowires are formed, and then Ru is 
reduced by Cu through the galvanic replacement reaction. Control experiment 
shows that Cu precursor cannot be reduced without the presence of Ru 
precursor, suggesting that this is a noble metal-induced reduction. This 
structure has very high specific surface area, thus it has great potential for 
catalysis. Preliminary study on the hydrogen evolution reaction (HER) under 
alkaline condition shows that the as-synthesized RuCu nanotubes have 
superior performance compared with the commercial Ru/C catalyst, indicating 
their great potential in HER. 

COLL 41 

Understanding the mechanism of non-equilibrium etching of gold 
nanocrystals through graphene liquid cell TEM 

Matthew R. Hauwiller4, mhauwiller@berkeley.edu, Layne B. Frechette4, 
Matthew R. Jones1, Justin Ondry4, Phillip L. Geissler2, Paul Alivisatos3. (1) 
Chemistry, Rice University, Houston, Texas, United States (2) Dept of Chem, 
University of California, Berkeley, California, United States (3) University of 
California, Berkeley, Berkeley, California, United States (4) Department of 
Chemistry, University of California-Berkeley, Berkeley, California, United 
States 

The shape and exposed facets of metallic nanocrystals determine many of 
their optical and catalytic properties, thus it is important to understand the 
fundamental mechanisms for controlling their shape. Often, etching steps are 
used to prepare certain shapes of nanocrystals. To investigate etching 
mechanisms in noble metal nanocrystals, we use in-situ Graphene Liquid Cell 



Transmission Electron Microscopy (TEM), which has the necessary spatial 
and temporal resolution to determine the facets and follow etching trajectories 
during non-equilibrium etching. Further, we can compare etching trajectories 
to Monte Carlo simulations of the etching process, which gives valuable 
mechanistic information about atom removal. By reproducibly controlling the 
electron beam dose rate on our TEM and the initial etchant concentration in 
the liquid cell pockets, we have determined that the concentration of etchant 
dictates the potential and the electron flux determines the etching rate. 
Changing the potential controls the steady intermediate facets when etching 
gold nanocubes and rhombic dodecahedrons. Investigating the kinetics of the 
etching process by varying the beam current shows a first order dependence 
of the rate of etching on the beam flux hitting our sample. At the end of the 
etching process when the nanocrystal becomes small, the etching rate slows 
down as the limiting reactant shifts to the number of edge sites on the 
nanocrystal. Understanding the mechanism of non-equilibrium etching will 
inform future synthetic development of nanocrystal shape control. 
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Chemical soldering of nanoparticle assemblies for photovoltaic 
applications 

Natalia N. Kholmicheva2, knatali@bgsu.edu, Mikhail Zamkov1. (1) BGSU, 
Bowling Green, Ohio, United States (2) Photochemical Sciences, Bowling 
Green State University, Bowling Green, Ohio, United States 



Solution-processing of semiconductor materials is an emerging strategy that 
can potentially reduce the cost of thin-film photovoltaic devices. The 
fundamental challenge accompanying this effort lies in processing of 
nanoparticles inks into high-performance solids that show high crystallinity 
and low defect density. This task becomes exceedingly difficult with a 
decreasing nanoparticle size. Here, we develop the ionic intercalation strategy 
by which nanostructured films are being forced to undergo an inter-particle ion 
exchange towards reducing the inter-surface tension (improves crystallinity) 
and achieving overall charge neutrality at boundaries (reduces defects). Such 
non-thermal interparticle fusion has been enabled by raising the ion solubility 
in deposited nanoparticles through establishing the lattice-solvent equilibrium 
regime. The degree of inter-particle intercalation has been varied towards 
achieving either a complete sintering of the film or a partial fusion that 
preserves the quantum confinement of individual dots. Thus, the ionic 
intercalation approach improves electrical characteristics of nanoparticle 
solids and provides a reliable starting platform for developing photovoltaic and 
other photoconducting solids.  
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Stress-assisted thermal activation in tribology: From friction and 
rheology to wear and tribo/mechanochemistry 

Wilfred T. Tysoe, wtt@uwm.edu. Chemistry and Biochemistry, University of 
Wisconsin-Milwaukee, Milwaukee, Wisconsin, United States 

The discipline of tribology investigates the effects of mechanical forces during 
sliding, including energy dissipation, wear and chemical reactions. Various 
models have been developed to describe these phenomena, but it is 
becoming evident that these apparently disparate models are based on the 
same fundamental concept; that an external force lowers the energy barrier 
for the transition from one state of the system to another. When the initial and 
final states are identical, only energy is dissipated. However, if the final and 
initial states differ, the model describe wear or tribo- or mechanochemistry. 
This concept was first developed by Prandtl in 1928 to describe crystal 
plasticity, and recently used to describe the velocity and temperature 
dependences in atomic-scale friction in an atomic force microscope (AFM) by 
the so-called Prandtl-Tomlinson model. Eyring in 1936 using similar concepts 
to model liquid viscosity. The way in which these models can describe a wide 
range of tribological and mechanically induced phenomena is discussed, with 
examples ranging from atomic and macroscale friction, to material 
degradation and fracture, to mechano- and tribochemistry. The way in which 



the external force couples into the system introduces different effects. In the 
case of constant-force sliding, the external potential V(x) is given by V(x) = -
Fx, where F is the constant force, and is predominantly used to describe 
macroscale phenomena. However, if the external force is harmonically 
coupled, such as in AFM friction, atomic stick-slip, non-monotonic temperature 
variations of friction, or extremely low friction (superlubricity) can be obtained. 
The concept of stress-assisted, thermal activation provides a link between 
macro-scale tribological phenomena and their atomic and molecular origins. 
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First-principles modeling of the joint influences of catalysis and 
mechanical stress in tribopolymer formation 

Andrew M. Rappe, rappe@sas.upenn.edu. University of Pennsylvania, 
Philadelphia, Pennsylvania, United States 

While tribopolymer is usually formed due to organic-molecule polymerization 
under contact surface friction and is used to lubricate and to protect the 
surfaces of mechanical gears, it is also considered as a major source of 
contamination to Micro-electro-mechanical system and Nano-electro-
mechanical system (MEMS and NEMS) transistors. MEMS and NEMS, 
designed with mechanical switching motions to overcome the problem of 
open-circuit voltage induced power consumption from traditional field-effect 
transistors, can be considered as promising potential candidates to replace 
current generation transistors. However, device failure occurs usually due to 
adsorption of ambient molecules onto device contact surfaces following 
stress-confined surface catalytic reactions to form tribopolymers, which are 
usually insulating and sticky. Experimental results only justify that the 
tribopolymer could be hydrocarbon chains, but detailed composition and 
formation mechanism remain unclear. Here, we conduct density functional 
theory calculations to systematically and comprehensively investigate both the 
initial condition of MEMS and NEMS devices contact surfaces when exposing 
the contamination gas molecules (particularly benzene) and model the 
mechanical switching cycles among three classes of conducting materials: 
transition metals (Pt and Au), metal oxides (RuO2) and metal sillisides (PtxSi). 
We found that the tribopolymerization mechanism relies on surface catalytic 
effect enhanced by local confined stress, and a general set of features could 
be extracted for those materials: (i) chemisorption; (ii) dehydrogenation; (iii) 
polymerization. In particular, the applied normal stress lowers both the 
adsorption barrier and the reaction barriers leading to tribopolymerization. In 
addition, the weaker the initial binding strength of adsorbates, the less the 



polymerization. With the knowledge acquired in our study, we are able to 
provide criteria for screening and designing tribopolymer-suppressing 
materials and stimulate the development of MEMS and NEMS to eventually 
reach practical manufacturing and launch a new computing paradigm. 

COLL 45 

Constituents of tribochemistry – molecule and surface at shearing 
interface: How would their chemical structure affect the critical 
activation volume of mechanochemical reaction? 

Seong H. Kim, shkim@engr.psu.edu. Chemical Engineering, Pennsylvania 
State University, University park, Pennsylvania, United States 

Unlike thermal, photochemical, and electrochemical reactions which are 
initiated by electronic excitation or transition within or among reactant 
molecules, tribochemical reactions are initiated by mechanical actions 
imposed onto the molecules by the solid surface. Here, the key question is 
how mechanical energy is channeled into chemical reaction coordinates. This 
question is related to the magnitude of the critical activation volume which can 
be obtained from Arrhenius-type analysis of the load or shear stress 
dependence of reaction yields or rates. We have addressed this question 
through carefully designed experiments and collaborations with computational 
groups. This talk will focus on the effects of chemical structures of the 
adsorbed molecules that are being sheared at the interface and the critical 
role of surface chemistry determining overall reaction yields. By studying a 
series of homologous organic molecules consisting of 10 carbon atoms 
(alpha-pinene, pinane, n-decane), it was found that molecules with internal 
strains more readily undergo tribochemical polymerization reactions, 
compared to the ones without any internal strain. Studying the reactivity of 
alpha-pinene on various solid materials under tribological sliding conditions 
without wear of substrate, it was discovered that the surfaces capable of 
oxidative chemisorption and activation of interfacial molecules can greatly 
increase tribochemical polymerization reactions. This data suggests that 
without chemisorption, the inert surface cannot efficiently transfer mechanical 
energy to molecules for reactions. Further insights into molecular details 
during tribochemical reactions were revealed through molecular dynamics 
simulations using ReaxFF reactive forces. Based on these results, the 
physical meaning of the critical activation volume in tribochemical reactions is 
proposed. 
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Mechanochemical synthesis, structure and properties of solid solutions 
of alkaline earth metal fluorides Ma

xMb
1-xF2 (M = Ca, Sr, Ba, Pb) 

Gudrun Scholz, gudrun.scholz@rz.hu-berlin.de. Department of Chemistry, 
Humboldt-Universität zu Berlin, Berlin, Germany 

Nanocrystalline solid solutions of alkaline earth metal fluorides Ma
1-xMb

xF2 (M: 
Ca, Sr, Ba) can be prepared by high energy ball milling of metal acetates and 
metal hydroxides, respectively, with ammonium fluoride as fluorinating agent. 
In Ca1-xSrxF2 and Ba1-xSrxF2samples, a mutual substitution of cations on their 
lattice position occurs, even by mechanochemical syntheses starting from 
non-fluorinated reactants. Furthermore, the probability of formation of local 
structural units [FCa4-xSrx] or [FBa4-xSrx] can be adjusted with the supplied 
molar ratio of the two cations Ca:Sr and Ba:Sr, respectively. The latter was 
unambiguously evidenced by 19F MAS NMR experiments, where the expected 
five signals of the five possible fluoride ion environments were recorded. 
Calculations of 19F chemical shifts with the superposition model along with 
probability calculations for the intensity of the individual lines are in full 
agreement with the experimentally found and simulated parameters. 
Based on these results and the possible mechanochemical synthesis of PbF2, 
nanocrystalline solid solutions of M1-xPbxF2 (M = Ca, Sr, Ba) with fluorite 
structure can also be prepared by ball-milling using Pb(OAc)2.3H2O and 
M(OH)2 as metal precursors with NH4F as fluorinating agent. As before, the 
mutual substitution of the cations on their lattice positions and therefore the 
formation of solid solutions was proven by XRD and solid state NMR 
spectroscopy. The 19F MAS NMR spectra allow not only the direct observation 
of different structural units [FM4-xPbx] (0 < x < 4), but also the partial resolution 
of the scalar Pb-F coupling in mainly lead containing structural units. MAS 
NMR measurements revealed the existence of few byproducts like M(OAc)F 
and pure fluorides MF2 not detectable by XRD. 
DC conductivity measurements of Ba1-xPbxF2 samples showed an increasing 
fluoride ion conductivity compared to (i) the microcrystalline pure binary 
fluorides, (ii) to the binary fluorides prepared themselves by ball milling, and 
(iii) also compared to solid solutions without lead. 
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Emergence and applications of techniques for real-time monitoring of 
mechanochemical reactions 



Tomislav Friscic, tomislav.friscic@mcgill.ca. McGill University, Montreal, 
Quebec, Canada 

Whereas mechanochemistry by grinding or ball milling has been used in the 
synthesis of materials and compounds since antiquity, the fundamental 
understanding of underlying reaction mechanisms has remained a mystery. 
This presentation will outline the very recent emergence of experimental 
techniques for real-time and in situ observation of chemical and structural 
changes taking place during ball milling. This includes the use of highly 
penetrating synchrotron X-ray radiation for real-time diffraction studies, as well 
as spectroscopic techniques based on Raman and other types of 
spectroscopy. The application of these techniques, no older than 4 years, has 
revealed, for the first time, the basic kinetics of mechanochemical reactions 
and the detailed mechanisms have now permitted the interpretation of 
thermodynamic driving forces of such reactions. The talk will provide 
examples of reaction mechanisms and unexpected results obtained through 
the use of these in situ methods in the synthesis of organic and metal-organic 
compounds, including microporous metal-organic frameworks (MOFs) and 
pharmaceutical cocrystals. 
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Exploring pharmaceutical cocrystal diversity using liquid-assisted 
mechanocheical reactions 

William Jones, wj10@cam.ac.uk. Chemistry Dept, Univ Cambridge, 
Cambridge, United Kingdom 

The importance of crystal form in the development of pharmaceutical 
materials is well established. Screening experiments to identify as many as 
possible hydrates, solvates, salts and cocrystals is essential for optimum drug 
product performance and IP protection. Mechanochemistry is one of the many 
approaches to screening for form diversity and has the advantage of being 
straight forward to perform, relatively quick and also environmentally friendly - 
with minimal amounts of solvent required compared, for example, to 
conventional crystallization experiments. The use of added liquids to the 
grinding jar has been shown to be very effective for polymorph screening, and 
exploring possible stoichiometry. In terms of mechanisms and processes our 
understanding is steadily improving with evidence for intermediate states, 
particle size effects and the competition between kinetic and thermodynamic 
control. The lecture will review recent work illustrating many of the above 
points. 
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Dissipation pathways upon sliding a tip along the calcite-brine interface: 
Connection between nanotribology and mineral reactivity 

Yijue Diao, ydiao2@illinois.edu, Rosa M. Espinosa-Marzal. University of 
Illinois at Urbana-Champaign, Urbana, Illinois, United States 

The friction between two adjacent tectonic plates undergoing shear in a fault 
may dictate seismic processes. Nanotribological studies on mineral surfaces 
have been shown to provide fundamental understanding of the mechanism of 
earthquakes. In this study, we aim to advance this knowledge by investigating 
the shear response of the nanoconfined calcite-solution interface, 
representing a common fault type in nature, i.e. carbonate rock in presence of 
a brine. By conducting nanoscale lateral force microscopy upon various 
applied loads, sliding velocities, and electrolyte concentrations, three 
pathways of energy dissipation are distinguished: viscous shear at low normal 
stress, in which the confined film behaves as a non-Newtonian fluid; a 
thermally activated sliding at intermediate stresses revealing the interfacial 
structure of water and hydrated ions localized on the calcite surface and 
affecting the energy landscape; and pressure dissolution-facilitated lubrication 
at sufficiently high loads that is enhanced with rising electrolyte concentration; 
the latter connects nanotribology with the reactivity of the mineral under 
pressure. 
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Improving mechanical properties in glassy polymer nanocomposites: 
effect of molecular weight 

Vera Bocharova1, bocharovav@ornl.gov, Anne-Caeoline Genix3, Alexander 
Kisliuk4, Sheng Zhao5, Alexei P. Sokolov2. (1) Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, United States (2) Chemistry, University of Tennessee, 
Knoxville, Tennessee, United States (3) Laboratoire Charles Coulomb, 
Université de Montpellier, Montpellier, France (5) University of Tennessee, 
Knoxville, Tennessee, United States 

The mechanical reinforcement of polymer nanocomposites above their glass 
transition temperature has been extensively studied. However, much less is 
known about the origin of this effect when composite is vitrified. In the present 
talk, we unravel the effect of polymer molecular weight on the mechanism of 
reinforcement in glassy nanocomposites with attractive interaction between 



polymer and filler. Mechanical properties were measured using Brillouin light 
scattering. Our results demonstrate that the increase of molecular weight of 
the polymer matrix results in a decrease in the mechanical properties in the 
composite. We ascribe this phenomenon to the reported earlier reduction of 
density in the interfacial region formed around the nanoparticles with increase 
of molecular weight of the matrix. Based on this result, we hypothesize that 
densification of the interfacial region might be an effective way to improve the 
mechanical properties in composite with high molecular weight. The latter can 
be achieve by mixing in a small amount of polymer of low molecular weight. 
Indeed, our results demonstrate a significant improvement in mechanical 
performance of the composite that contain high molecular weight with small 
addition of the low molecular weight polymer. This finding is important for the 
design of materials with the desired mechanical properties. 
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Functional nanomaterials: Towards magnetically activated adhesives 

Gemma-Louise Davies, daviesgl@tcd.ie. Chemistry, University College 
London, London, United Kingdom 

On-demand triggering of reactions is important across chemistry and 
materials science. Polymerization reactions can be successfully activated and 
modulated using thermal, chemical, photochemical, redox and mechanical 
means. Drawbacks to these approaches, however, include difficulties in 
precise controllability and delays in polymerization initiation, though significant 
strides have been made towards addressing these issues recently. Activating 
polymerization reactions using a simple magnetic stimulus would open up new 
opportunities, providing a fast and energy efficient approach to triggering 
chemical reactions. 
 
Herein, we report the first example of on-demand magnetic activation of a 
polymerization process, using a well-known anaerobic adhesive formulation. 
Our strategy involves the use of a colloidal system comprising functional 
methacrylate ester monomers, peroxide and CuII-salt as polymerization 
initiators and carefully designed functional core@shell magnetic nanoparticles 
with an oxidizing shell. This unique combination prevents reduction of the 
reactive transition metal (CuII) ion by the metal substrates (steel) to be joined - 
hence inhibiting a polymerization reaction and efficiently preventing adhesion. 
The polymerization and corresponding adhesion process can be triggered by 
removal of the magnetic particles using a permanent external magnet (in situ 
or prior to application), enabling the polymerization to proceed through CuII-



mediated reduction (Figure 1). 
 
This new approach enables colloidal stabilization of a reactive system and on-
demand magnetically-triggered reaction initiation and could be applied in 
various chemical science, materials and industrial manufacturing systems, 
with the potential to transform the efficiency and efficacy of such processes. 
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Developing quantum dot nanocomposites for high performance 
luminescent solar concentrators 

Aaron Jackson, aa.jckson@gmail.com, Matthew Bergren, Nikolay Markarov, 
Karthik Ramasamy, Hunter McDaniel. UbiQD, inc, Los Alamos, New Mexico, 
United States 

This work probes the formulation and processing conditions for copper-
indium-sulfide (CIS) QDs in acrylic polymer sheets, and demonstrates 
luminescent solar concentrator (LSC) sheets with 8% optical power efficiency 
at 60% transmittance, the highest recorded for this type of device to our 
knowledge. I-III-IV quantum dots (QD) based on copper-indium-sulfide (CIS) 
are useful for displays, security features, and solar energy conversion 
amongst other applications. CIS QDs differ from other quantum dots because 
they are less toxic and less expensive to produce. As a result, the material 



has the potential to be used at higher volumes in consumer materials. This 
work focuses on CIS QDs in luminescent solar concentrators (LSC). QDs 
within LSC sheets absorb sunlight and emit a new photon in the material 
where total internal reflection concentrates the re-emitted light at the edges. 
Solar cells placed around the edge of the LSC sheet collect the concentrated 
light to generate electrical power. For a successful LSC device, the QDs must 
be dispersed in a polymer matrix with no aggregation and minimal 
degradation. 
 
QD functionalization, use of dispersing agents and kinetic trapping improve 
QD dispersion in polymers. QD functionalization allows QDs to better interact 
with the liquid resin on a molecular scale. While this helps improve dispersion 
in some liquid resins, QDs still aggregate during polymerization. Our novel 
blend of dispersing agents improves QD dispersion in almost any medium. 
Similar dispersing agents used by others have been shown to improve 
nanoparticle dispersions in organic liquids by promoting charge stabilization of 
nanoparticles. Ultimately, CIS QDs maintain their high performance in 
polymers when kinetically trapped in a dispersed state without modifying their 
ligand shell. We show that the initial temperature and monomer selection are 
important for maintaining QD dispersion in the liquid acrylate resin. The speed 
of the reaction as well as temperature profile of the sample during the reaction 
are important for minimizing aggregation during the curing process. 
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Real-time, in situ observation of aqueous corrosion initiation in 
nanostructured steel 

Steven C. Hayden3, steven.hayden@aramcoservices.com, Claire Chisholm4, 
Rachael O. Grudt3, William Mook4, Anastasia Ilgen2, Dan Bufford2, Khalid 
Hattar2, Timothy J. Kucharski1, Ihsan Taie5, Katherine Jungjohann4, Michele 
Ostraat1. (1) Aramco Research Center - Boston, Aramco Services Company, 
Cambridge, Massachusetts, United States (2) Geochemistry, Sandia National 
Laboratories, Albuquerque, New Mexico, United States (3) Advanced 
Materials, Aramco Research Center - Boston, Cambridge, Massachusetts, 
United States (4) Center for Integrated Nanotechnologies, Sandia National 
Lab, Albuquerque, New Mexico, United States (5) Network Integrity, Aramco 
Research & Development, Dhahran, Saudi Arabia 

Corrosion of steel pipelines continues to present major challenges to the oil 
and gas industry, with billions of dollars spent annually on technologies to 
mitigate corrosion-related losses. Despite the daunting fiscal impact, the 



processes that govern steel corrosion are still not well understood, due in part 
to the complex nanostructure of processed steel materials. Thermodynamic 
models have predicted that the nanoscale fluctuations in composition and 
structure that give steel its attractive macroscale properties may also create 
electrochemically active interfaces within the nanostructured steel, leading to 
accelerated material loss on the nanoscale via galvanic corrosion; however, 
resolution of such a dynamic, nanoscale process requires in situ investigation 
under liquid flow and with nanoscale resolution, and this instrumentation has 
only very recently been developed. 
 
This collaborative project seeks to tackle corrosion at its source by shedding 
light on the nanoscale features and processes involved in the initiation of 
corrosion in actual pipeline steel using a coupled ex situ / in situ liquid-cell 
transmission electron microscopy (LC-TEM) approach. The goal is the 
development of a mechanistic understanding of the advent of corrosion and 
the identification of the nanoscale features and compositional fluctuations 
implicit in rendering steel surfaces susceptible to degradation in wet 
environments. These key factors will ultimately inform the development of 
technologies to mitigate corrosion-related losses. 
 
To minimize the complexity inherent in the analysis of a real field material, 
extensive antemortem characterization was employed using a combination of 
electron diffraction techniques (EDS, PED, EELS, etc.). Samples were placed 
on a SiN window and exposed to a flow of aqueous CO2 using a microfluidic 
liquid-cell holder. Throughout the in situ exposure of the steel samples, 
images were acquired periodically to generate video sequences of nanoscale 
corrosion in real time. These in situ TEM results will be presented along 
with postmortem analysis and mirrored ex situ bulk-scale corrosion results in 
order to best capture the ways in which material nanostructure is predicted to 
affect the corrosion processes observed in larger size scale regimes. 
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Light but strong SiC foam for thermal insulation and electromagnetic 
interference shielding at elevated temperatures 

Zhijiang Wang, wangzhijiang@hit.edu.cn. Harbin Institute of Technology, 
Harbin Heilongjiang, China 

Materials with high-strength, lightweight, excellent thermal stability and high-
efficiency electromagnetic interference (EMI) shielding performance are highly 
desired for practical shielding applications, especially in areas of aerospace 



and aircraft. Herein, a light but strong SiC foam with hierarchical porous 
architecture are fabricated by using dough or bread as raw material via 
carbonization and followed carbothermal reduction with silicon source. The 
fabricated SiC foam contains nano-, meso- and micro-sized porosities. 
Strikingly, meso and nano pores are embedded in micro-sized porous 
skeleton. This three-level hierarchical porous skeletons constitute the load-
bearing structural units at gradually smaller length scales, which provides a 
means for dissipating strain. A significant synergistic among these hierarchical 
porous architecture endows the SiC foam with high-performance EMI 
shielding and thermal insulation. EMI shielding can be higher than 20 dB and 
specific EMI effectiveness exceeding 24.8 dB cm3 g−1 in the frequency of 11 
GHz at 25−600 °C, which is 3 times higher than dense SiC ceramic. The 
thermal conductivity reaches as low as 0.02 W m−1 K−1, which is comparable 
to aerogel. But the compressive strength is as high as 9.8 MPa. Considering 
the chemical and high-temperature stability of SiC, the fabricated SiC foam is 
a promising candidate for modern aircraft and automobile applications. 
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Volumetric, percolating metallic structures templated by laser-deposited 
carbon nanofoams: Applications in humidity sensing 

Sebastian Nufer1,3, sebastian.nufer@m-solv.com, Jonathan P. Salvage4, 
Aleksey Shmeliov5, Adam Brunton1, Alan Dalton2. (1) M-Solv Ltd, Oxford, 
United Kingdom (2) Department of Physics, University of Surrey, Guildford, 
United Kingdom (3) Material Physics, University of Sussex, Brighton, United 
Kingdom (4) University of Brighton, Brighton, United Kingdom (5) Trinity 
College Dublin, Dublin, Ireland 

Carbon nanofoam (CNF) is a low-density, high-surface-area material formed 
by diffusion limited aggregation of amorphous carbon nanoparticles into 
porous nanostructures. This particular form of carbon is only found in a few 
particular environments namely in flames, in space and when carbon is 
interacting with a laser. 
This work presents the use of a pulsed infrared laser to prepare CNF from a 
graphene oxide target material. Electron microscopy shows that the films 
consist of dendritic strings which form high surface area web-like three-
dimensional structures. The conductivity of these structures can be modified 
by using the CNF as a nanostructured scaffold for gold nanoparticles 
deposited by sputter coating, controllably increasing the conductivity by up to 
four orders of magnitude. The hybrid Au/CNF materials were incorporated into 
chemiresistor structures for sensor applications. 



When the pristine CNF film is exposed to a dry environment the conductivity 
of the film decreases by 50% but rapidly recovers when exposed to ambient. 
When the Au/CNF network is exposed to the same dry environment the 
conductivity increases by 30% and still shows excellent recovery times. An 
exposed pristine sputtered coated gold film shows 7 % change in conductivity 
exposed to the dry environment highlighting the influence of the surface area 
in sensing applications. The change in sensing mechanism shows the 
characteristics of the 3D network can be modified by sputter coating while 
maintaining the high surface area properties. 

 
SEM image of (a) pristine and (b) gold coated CNF with the resistance when exposed 
to a dry environment (changing from 37 %rH to 20 %rH) resp. 
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Unusual ion-exchange behavior of nanoparticulate oxides: Applications 
in food, energy, and water sectors 

Allen W. Apblett2, allen.apblett@okstate.edu, Cory K. Perkins2, Travis 
Reed1. (1) Chemistry, Oklahoma State University, Stillwater, Oklahoma, 
United States (2) Chemistry, Oregon State University, Corvallis, Oregon, 
United States 

It was discovered that nanometric scheelite, CaWO4, undergoes unexpected 
ion exchange with heavy metals and actinides, sorbing the dangerous metal 
ions and releasing benign calcium ions into solution. Selectivity is for larger 
metal ions over smaller ones and is especially high for oxocations such as 
uranyl, and hydroxocations such as those formed by zirconium. Sorption 
capacities are extremely high – exceeding 100% by weight in several cases. 
The novel reagent has been used to remove heavy metals such as lead and 
cadmium and radionuclides such as strontium and uranium from water. 
Applications in treatment of contaminated water, milk, and juice will be 



discussed. Notably, uranium isolated from drinking water or “ocean mining” 
can be isolated and used for nuclear power. The elaboration of a sustainable 
process whereby the sorbent is recycled and reused while the target ions are 
isolated as separated solids will be described. 

COLL 57 

Nanoaptasensors based on gold nanotriangles for the efficient and 
selective detection of ochratoxin A via LSPR and SERS 

Yulan Hernandez, yulanhg@gmail.com, Lesly Lagos, Betty C. 
Galarreta. Departamento de Ciencias - Sección Química, Pontificia 
Universidad Católica del Perú, Lima, Peru 

The presence of mycotoxins in widespread agricultural products, such as 
coffee, is of main interest due to their economic impact related to the loss of 
crops and the decreased added value of these products in case of 
contamination. One of the most common mycotoxins is ochratoxin A (OTA), a 
secondary metabolite produced by Aspergillus and Penicillium, known for 
being nefrotoxic, hepatotoxic and carcinogenic in humans and animals, which 
has led to a strict regulation worldwide. However, certified methods for its 
detection and quantification are based on expensive and complicated 
techniques, so there is a global concern for the development of new rapid, 
sensitive and specific techniques. 
Aptamer-functionalized gold nanotriangles in suspension have been prepared 
as sensing devices to detect OTA in solution down to ppb levels. These 
nanosensors have been optimized to determine the content of OTA combining 
two complementary techniques: localized surface plasmon resonance (LSPR) 
biosensing, that monitors the band shifts (Fig.1A); and surface-enhanced 
Raman spectroscopy (SERS) (Fig. 1B) that detects changes in the Raman 
fingerprint spectra of the adsorbed molecules at the surface of the gold 
nanostructures. The treatment of the Raman spectra with a multivariate 
analysis technique like PLS, has led to very promising results allowing the 
quantification of even 100 ppbs of OTA in less than 15 minutes (Fig.1C). 

 



 
Fig. 1: A) LSPR and B) SERS analysis of OTA content using gold nanotriangles 
functionalized with aptamer (AuNTs@Apt); C) PLS analysis of Raman spectra of 
AuNTs@Apt at different concentrations of OTA. 
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Preparation and toughening performance investigation of epoxy resins 
containing carbon nanotubes modified with hyperbranched polyester 

Li Lu, lilu_sky@foxmail.com, Xia Liao. College of Polymer Science and 
Engineering, State Key Laboratory of Polymer Materials Engineering, Sichuan 
University, Chengdou, Sichuan, China 

Epoxy resin(EP), an important chemical material for industry,has the 
weakness of poor toughness and easy to crack.Toughening modification of 
epoxy resin is the basic approach to solve this problem.In this paper,the 
carboxylic multi-walled carbon nanotube (MWCNTs-COOH) was modified with 
hyperbranched polyester via surface graft, and then the epoxy/MWCNTs-
COOH composites were prepared to explore the influences of surface 
modification of MWCNTs-COOH using hyperbranched polyester on the 
mechanical performance of the composites. The results of TGA and FT-IR of 
the grafted MWCNTs-COOH (named MWCNTs-H20) indicated that the 
hyperbranched polyester was successfully grafted onto MWCNTs-COOH by 
esterification reaction between carboxyl groups on the surface of MWCNTs-
COOH and the hydroxyl groups of hyperbranched polyester. The results of 
fluorescence microscope elucidate that compared with raw MWCNTs-COOH, 



the grafted MWCNTs-H20 receives a better dispersion in the epoxy 
prepolymer. Moreover, MWCNTs-COOH and MWCNTs-H20 were, 
respectively, added into epoxy prepolymer to prepare the EP/MWCNTs 
composites. The results of DMA revealed that the addition of MWCNTs-
COOH enhanced the low temperature toughness of the neat EP, and the 
surface grafting of hyperbranched polyester onto MWCNTs-COOH further 
decreased the glass transition temperature of the composites and exhibited a 
better performance in the enhancement in toughening EP. The measurement 
of the mechanical performances and surface morphology revealed that the 
addition of MWCNTs-H20 enhances tensile strength, elongation at break and 
Charpy impact strength of the EP/MWCNTs composites significantly, resulting 
in a better toughness of the composites; however, it had little influence on the 
Barcol hardness. 
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Precursor ion–ion aggregation in the Brust–Schiffrin synthesis of 
alkanethiol nanoparticles 

Trent Graham3, trgraham@wsu.edu, Ryan Renslow3,4, Niranjan Govind1, 
Steven R. Saunders2. (1) Pacific Northwest Nat Lab, Richland, Washington, 
United States (2) School of Chem Eng, Washington State University, Pullman, 
Washington, United States (3) The Voiland School of Chemical Engineering 
and Biological Engineering, Washington State University, Pasco, Washington, 
United States (4) Pacific Northwest National Laboratory, Richland, 
Washington, United States 

Tetraoctylammonium bromide is used in the Brust–Schiffrin nanoparticle 
synthesis to phase-transfer chloroaurate ions from the aqueous phase to the 
organic phase. While it is established that the quaternary ammonium complex 
self-associates in the organic phase, the actual self-assembled structure is 
poorly understood. We have confirmed the presence of ion–ion aggregates 
through quantitative 1H nuclear magnetic resonance spectroscopy (NMR), 
pulsed field gradient, diffusion-ordered NMR (DOSY-NMR), and density 
functional theory (DFT) based NMR chemical shift calculations. 
Tetraoctylammonium complexes (TOA-X, where X = Br, Cl, AuCl4-xBrx, 
AuBr4/Br, and AuBr4/Cl/Br) were investigated to measure the extraction of 
water into deuterated chloroform. 1H NMR and DFT-based NMR shielding 
calculations indicated that deshielding of water is due to hydration of the anion 
and not the formation of the aqueous core of a reverse micelle. DOSY-NMR 
results were consistent with the formation of small aggregates at typical 
Brust–Schiffrin synthesis concentrations. The extent of aggregation correlated 



with the electronegativity of the anion and was analyzed with a modified, 
isodesmic, indefinite aggregation model. The substitution of bromoauric acid 
for chlororoauric acid at conditions emulating the Brust–Schiffrin synthesis in 
chloroform increased the aggregation of the quaternary ammonium complex. 
The increase in aggregation corresponded with an increase in the size of the 
produced nanoparticles from 4.3 to 4.6 nm. Understanding the self-assembly 
and supramolecular structure of precursors in the Brust–Schiffrin synthesis 
will enable further refinement of models describing the growth of noble metal 
nanoparticles. 
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Synthesis and characterization anisotropic rod-like colloids with 
thermoreversible short-range attractions: Towards a universal phase 
diagram for adhesive hard rod suspensions 

Norman J. Wagner2, wagnernj@udel.edu, Ryan P. Murphy1. (1) Chemical & 
Biomolecular Engineering, University of Delaware, Newark, Delaware, United 
States (2) Dept of Chemical Engineering, University of Delaware, Newark, 
Delaware, United States 

Nanotechnologies ranging from cosmetics to protein therapeutics exploit 
anisotropic colloids due to their unique rheological properties and orientation-
specific interactions. However, we lack a unified understanding for how the 
coupled effects of particle geometry and interparticle interactions influence 
rigidity percolation or dynamic arrest transitions, such as gel and glass 
formation. To study these effects, a colloidal model system of adhesive hard 
rods (AHR) was developed with convenient control of the particle aspect ratio 
and thermoreversible, short-range attractions. The AHR system is composed 
of octadecyl-coated silica suspended in organic solvents. Variations in silica 
particle synthesis conditions were mapped to produce anisotropic silica 
particles with a wide variety in morphology and size. Emulsion conditions with 
excess stabilizing agents reduced silica rod diameters and revealed a 
competition between template-driven and terminal-droplet growth 
mechanisms, which are attributed to precipitation of metastable citrate ions. 
The AHR suspension rheology, static microstructure, and particle dynamics 
were mapped as a function of aspect ratio (L/D 3-7), volume fraction (0.1-0.5), 
and temperature-dependent attraction strength (15-40 C) using small-
amplitude oscillatory shear, X-ray and neutron scattering, and dynamic light 
scattering, respectively. Overall, quantitatively distinct yet qualitatively similar 
signatures of dynamic arrest were found for AHR, as compared to AHS. 
Analogous to the AHS system, evidence suggests AHR suspensions are 



bounded by a hard rod glass line at high volume fractions (excluded volume-
driven dynamic transitions), while a gelation line extends and intersects a 
phase-separation region at low volume fractions (attraction-driven dynamic 
transitions). The scattering data is used to determine an effective strength of 
attraction, enabling direct comparison with theory and simulations of dynamic 
arrest in a variety of related systems. The AHR system provides an adaptable 
experimental framework to systematically explore the coupled effects of 
particle shape, attraction strength, and concentration on the dynamic arrest 
transitions of anisotropic colloidal suspensions. 
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Understanding self-assembly and ionic strength interactions of cellulose 
nanocrystals using isothermal titration calorimetry and rheology 

Emily Facchine, efacchi@ncsu.edu, Soo Ah Jin, Richard J. Spontak, Orlando 
J. Rojas, Saad Khan. NC State University, Raleigh, North Carolina, United 
States 

Cellulose nanocrystals (CNCs) are a material of increasing interest due to 
several advantageous properties, including aspect ratio, stiffness, 
renewability, and liquid crystal ordering. CNCs are known to self-assemble 
into liquid crystalline phases above a critical concentration, which is dictated 
by particle size and surface properties. In this work, we study this transition by 
observing the interactions of CNCs across a range of concentrations using 
isothermal titration calorimetry. This technique allows us to take highly precise 
(~ 0.1 μW) heat measurements from the interactions of very small sample 
volumes (300 μL). In addition to studying the critical concentration of 
anisotropic phase separation, the effect of ionic strength on the system is also 
examined. Addition of electrolytes is shown to have a pronounced effect on 
the suspension behavior: at low ionic strengths (0-10 mM), the electrostatic 
double layer is compressed and the effective particle size is reduced. With 
further increasing ionic strength (>20 mM), the electrolytes destabilize the 
suspension by neutralizing the electrostatic repulsive forces and inducing 
aggregation. The nature of this transition is examined in detail for different 
electrolytes and different CNC concentrations, above and below the critical 
liquid crystal threshold. ITC results for both liquid crystal transition and ionic 
strength effects are corroborated using rheology and polarized optical 
microscopy (POM). These techniques provide relevant microstructural 
information in the form of viscosity and elasticity (rheology), and the presence 
and extent of anisotropic domains (POM). 



COLL 62 

Every which way but loose: A single thermoresponsive diblock 
copolymer can form spheres, worms or vesicles in aqueous solution 

Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of 
Chem, Sheffield, United Kingdom 

The self-assembly of AB diblock copolymers in solution has been extensively 
studied for more than fifty years. It is well known that the copolymer 
morphology is dictated by the relative volume fractions of the A and B blocks, 
with the most common nano-objects being spheres, worms (or cylinders) and 
vesicles (or polymersomes). Traditionally, such nano-objects have been 
prepared in dilute solution via post-polymerization processing. However, the 
recent development of polymerization-induced self-assembly (PISA) has 
enabled the efficient preparation of a wide range of diblock copolymer nano-
objects. Herein we report the PISA synthesis of a new amphiphilic AB diblock 
copolymer in concentrated aqueous solution that can form polydisperse 
vesicles at 47°C, highly anisotropic worms at around 20°C and near-
monodisperse spheres at 2°C. These vesicle-to-worm and worm-to-sphere 
morphological transitions have been studied by TEM, and DLS and SAXS. 
The latter technique suggests that the variable degree of hydration of the 
core-forming block is the key to understanding this remarkably rich self-
assembly behaviour, which is unprecedented for a single diblock composition. 

 
Figure 1. TEM images recorded for a dilute aqueous dispersion of a single 
amphiphilic diblock copolymer that can form either spheres, worms or vesicles 
depending on the solution temperature. 
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Synthesis of anisotropic nanostructures through controlled symmetry 
breaking 

Alexander E. Kossak1, akossak@jhu.edu, Benjamin Stephens1, Yuan Tian3, 
Pan Liu4, Mingwei Chen3, Thomas J. Kempa1,3. (1) Chemistry, Johns Hopkins 
University, Baltimore, Maryland, United States (3) Materials Science and 
Engineering, Johns Hopkins University, Baltimore, Maryland, United States (4) 
Materials Science and Engineering, Shanghai Jiao Tong University, Minhang 
District, Shanghai, China 

Anisotropic materials can exhibit unique catalytic, optoelectronic, and thermal 
properties due to their broken structural symmetry. The synthesis of 
nanoscale anisotropic structures is particularly challenging. Typical synthetic 
approaches start with seed particles and then exploit ligands to mediate the 
direction and rate of subsequent crystal growth. Unfortunately, this strategy 
often yields a poor selectivity (e.g. low yield) for the desired anisotropic phase, 
either because bulk nucleation dominates and leads to isotropic growth or 
because inhomogeneous ligand coverage on the seed particles leads to 
irregular growth. It is necessary to control these and other steps of the 
synthesis to ensure rational design of unique and functional materials. Here 
we present a strategy for self-limited, non-seeded growth of anisotropic 
nanoparticles that involves prescribed structural symmetry breaking. We 
prepare AgBr nanoparticles and show that these transform, under UV 
irradiation in the presence of a reductant, into anisotropic nanoscale dimers 
composed of a Ag metal nanoparticle fused to the parent AgBr phase. The 
dimers are formed at > 90% yield and their metal and metal-halide phases are 
separated by an epitaxially sharp interface. We investigate the plasmonic and 
catalytic properties of these and related architectures, and foresee this work 
informing the preparation of nanostructures with higher structural and 
functional complexity. 
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Controlled self-assembly of porphyrin and catalytic applications 

Feng Bai, baifengsun@126.com. Henan University, Kaifeng, China 

Porphyrin self-assembly nanomaterials, as visible-light harvesting materials in 
the artificial photosynthetic systems that mimic natural photosynthesis, have 
been well designed and developed via molecular self-assembly with non-



covalent interactions including electrostatic force, metal-ligand coordination, 
π-π stacking, hydrogen bonding as well as host-guest interactions. And 
porphyrin self-assembly with well-defined structures have drawn much 
attention in a wide range of fields including light-energy conversion, photonics 
as well as photodynamic therapy due to their attractive photophysical, 
photochemical and electronic properties in the visible-light region. We report a 
surfactant self-assembly induced micelle encapsulation method to fabricate 
porphyrin nanocrystals using the optically active precursor zinc porphyrin 
(ZnTPP). Through confined non-covalent interactions of ZnTPP within 
surfactant micelles, nanocrystals with a series of morphologies including 
nanodisk, tetragonal rod, and hexagonal rod, as well as amorphous spherical 
particle are synthesized with controlled size and dimension. A phase diagram 
that describes morphology control is achieved via kinetically controlled 
nucleation and growth as shown in Figure 1. Due to the spatial ordering of 
ZnTPP, the hierarchical nanocrystals exhibit both collective optical properties 
resulted from coupling of molecular ZnTPP and shape dependent 
photocatalytic activities in photo degradation of methyl orange (MO) pollutants 
and hydrogen production. 
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Tuning local nanoparticle arrangements and dynamical properties in 
polymer nanocomposites by grafting of small molecules 

Anne-Caeoline Genix2,1, acgenix@univ-montp2.fr, Dafne Musino2, Vera 
Bocharova3, Alexei P. Sokolov1, Julian Oberdisse2. (1) Chemistry, University 
of Tennessee, Knoxville, Tennessee, United States (2) Laboratoire Charles 
Coulomb, Université de Montpellier, Montpellier, France (3) Chemical 
Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
United States 

Polymer nanocomposites (PNCs) are mixtures of nanoparticles and polymer 
chains, where the filler particles are usually added to enhance mechanical 
properties. Performance of PNC depends to a great extent on the structure of 
the filler, i.e., its dispersion state in the polymer matrix, which itself depends 
on mixing protocols, and on the thermodynamics of the system (i.e., particles 
miscibility). The latter can be tuned by performing surface modifications of the 
nanoparticles (NPs), and playing with the mass and/or chemistry of the 
grafted molecules. We recently proposed two advanced ways to extract 
detailed information from small-angle scattering on the structure of 
polydisperse NP suspensions and PNCs: i) by analyzing the shape of the 
scattering curves around the interparticle correlation peak, and in particular 



the depth of the correlation hole, information on the local density of NP 
assemblies can be obtained, and ii) by using a combination of SAXS, reverse 
Monte Carlo analysis, and aggregate recognition, it is possible to extract 
aggregate mass distribution functions. Such analysis will be applied to reveal 
the impact of small molecules grafted to the nanoparticles on PNC structures. 
Next, we will discuss polymer dynamics and mechanical properties of PNCs. 
In particular, the existence of an interfacial layer around the fillers has been 
proven to have a strong impact on the macroscopic properties of 
nanocomposites due to variation of the glass-transition temperature and chain 
stretching. In this talk, the role of polymer-nanoparticle interactions for the 
slowing down dynamics in the interfacial region will be emphasized by using 
nanocomposites with different surface modifications. 
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Spectroscopy nanosensors based on Zika Virus Sn1 Antibodies linked 
to gold nanoparticles: A system optimization study 

Raísa L. Silveira2, raisalacerda@gmail.com, Jonnatan Santos3, Joel Rubim4, 
Paola Corio1. (1) University of São Paulo, São Paulo, Brazil (2) University of 
São Paulo, São Paulo, São Paulo, Brazil (3) University of São Paulo, São 
Paulo, Brazil (4) University of Brasília, Brasilia, Brazil 

A myriad of alternative methods for fast and sensible detection of Zika, a 
tropical disease related to microcephaly in fetus, has been the subject of 
intense studies in recent years. Surface- enhanced Raman scattering (SERS) 
is a powerful spectroscopic technique combining nanotechnology and Raman 
spectroscopy, being able to detect traces of closely adsorbed molecules on 
plasmonic nanostructures. The association of those nanostructures with 
biomolecules, such as antibodies with specific affinity for pathogenic agents, 
is able to provide 
highly sensitive and selective biomarkers for SERS detection. One of the 
major ongoing challenges for widening the use of SERS as a characterization 
and analytical tool is to obtain sensible and reproducible substrates, which 
can be structurally tuned at the nanoscale for effective detection. 
In the present work, considering gold nanoparticles (AuNPs) as an alternative 
to detect Zika virus by SERS, AuNPs coated with 3 mercaptopropionic acid 
were placed to interact with Zika SN1 antibodies. In order to optimize the 
nanosensor system, different concentrations of gold nanoparticles in solution 
(UV Vis Absorbance between 1 and 0.1), ratios between mols of gold and 
mols of the capping agent (5 and 10%) and concentrations of antibodies in 
solution (0.1μg/mL, 0.01μg/mL and 0.001μg/mL) were systematically 



investigated. 
Aggregation of the system, an undesired effect related to the loss of sensor 
functionality, can be evidenced by the appearance of a second band in UV Vis 
spectra. As shown in figure 1, the optimal condition involves the coating of 
nanoparticles with the lower rates of 
the coating agent, a low concentration of gold nanoparticles as well of SN1 
antibodies. These are probably related to less availability of carboxyl groups 
for antibodies attachment, avoiding antibodies/nanoparticles bridges that 
would led to the colloidal aggregation. 

 
UV-Vis spectra of solutions with different (A) concentration of gold nanoparticles; 
(B) rates of 3MPA/AuNPs; (C) concentration of SN1 Zika antibodies. (D) Raman 
Spectra of AuNPs coated with 5% 3MPA before and after interact with SN1 Zika 
Antibodies (0.01μg/mL). 
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Three-dimensional assemblies of Fe2-xNixP (0 ≤ x ≤ 2)and Co2-yFeyP (0 
≤ y ≤ 2) nanoparticles and their magnetic properties: Towards effective 
magnetic refrigerant materials 

Malsha A. Hettiarachchi1, malsha@chem.wayne.edu, Stephanie Brock1, 
Ehab Abdelhamid2, Boris Nadgorny3. (1) Department of Chemistry, Wayne 
State University, Detroit, Michigan, United States (2) Department of Physics 
and Astronomy, Wayne State University, Detroit, Michigan, United States 

Magnetic Refrigeration (MR) technology has received increased scientific and 
public attention during the past two decades as an alternative to the 
conventional vapor compression refrigeration technology that uses 
greenhouse gases like Hydro Chloro Fluoro Carbons (HCFCs) and ammonia. 
MR is based on magnetic materials that alter magnetic properties in the 
presence of an external magnetic field. The cooling process of the refrigerator 
is, therefore, based on the alternation of the magnetic properties. Magnetic 
materials with large Magneto-Caloric Effects (MCE) are recognized as 
prospective magnetic refrigerant materials. In addition to the large MCE, a 
potential MR material should work in a broad temperature range close to room 
temperature, should possess little or no thermal hysteresis, and should exhibit 
a reversible phase transition after undergoing heating and cooling processes. 
Nanostructuring is expected to provide little or no thermal hysteresis 
compared to their macro-scale counterparts, while both cation and anion 
doping help to fine tune the Curie Temperature (Tc) and the workable 
temperature range. 
 
Fe2-xNixP and Co2-yFeyP nanoparticles have been identified for their favorable 
magnetic properties. Both of these compounds show strong compositional 
dependence towards Tc. The nanostructured composition of Fe1.4Ni0.6P 
exhibits a Tc of about 265 K while the compositions of CoFeP and 
Co0.7Fe0.3P demonstrate Tc’s > 340 K and are superparamagnetic at room 
temperature. In this work, we demonstrate an oxidation induced sol-gel 
assembly method to bring these nanoparticles closer to each other in an 
integrated network and assess the magnetic properties in terms of Tc and 
magnetic hysteresis. The preliminary studies show that these nanoparticles 
can be interconnected to gel networks without changing the phase, 
morphology and crystallinity of the original nanoparticles into a bulk monolith. 
The consequences of 3-D assemblies of different compositions on the 
magnetic properties of these solid solutions, compared to the behavior of 
unintegrated nanoparticle phases, will be described. 
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Concentric Nd(III)-sensitized core-shell upconversion nanoparticles for 
excitation with biobenign wavelength 

Carina Arboleda2, carboled@eng.ucsd.edu, Sha He1, Alexandra Stubelius3, 
Noah Johnson3, Adah Almutairi3. (1) National Center for 
NanoscienceTechnology, Beijing, China (2) Nanoengineering, UCSD, La 
Jolla, California, United States (3) Pharmaceutical Sciences MC 0600, 
University of California San Diego, La Jolla, California, United States 

Upconverting nanoparticles (UCNPs) have superior photostability while 
unrestricted by cross-talked emissions and autofluorescence commonly 
observed in conventional biomarkers like quantum dots, organic dyes, and 
fluorescent proteins. However, it is the efficient photon conversion of low 
energy near-infrared light (NIR) excitation into higher energy visible emission 
makes UCNPs hold great promise for biological imaging and sensing. NIR 
excitation allows for deeper penetration into biological tissues than traditional 
bioimaging probes that require UV-Visible excitation. 
 
For lanthanide-based UCNPs, Ytterbium (Yb3+) ions are commonly doped as 
sensitizers. However, Yb3+-sensitized UCNPs suffer from 980 nm absorption 
overlap with H2O --the most abundant NIR absorber in the body-- making 
these processes unsuitable for biological applications. Neodymium (Nd3+) 
substitution for Yb3+ shifts absorption to 808 nm which effectively minimizes 
signal attenuation and reduces detrimental overheating in biological tissue. 
Previous reports attempted to integrate Nd3+ but were limited to low doping 
concentrations. 
 
Herein we report the synthesis of NaYF4: Yb/Gd/Er and NaYF4: Yb/Gd/Tm 
cores with Lutetium shells of varied doping concentrations of Nd3+ (0-50 
mol%). Larger shell thicknesses facilitated by our highly tunable epitaxial 
growth method ensure spatially confined Nd3+. More importantly, remarkably 
higher concentration doping of Nd3+ within a coherent and concentric shell 
was achieved than previously reported. UC emission significantly increased 
as Nd3+ doping concentration in the shell increased and Nd3+ concentration 
was successfully tuned to achieve maximum UC efficiency. The optimal 
doping concentration of Nd3+ sensitizers was dependent on the activator: 25 
mol% Nd for Er3+-activated systems and 50 mol% for Tm3+-activated systems. 
We prove the importance of creating a heavily Nd3+ doped tensile strained 
Lutetium shell compared to compressively strained shells of Gadolinium and 



Yttrium. Cell cytotoxicity studies show PEGylated UCNPs are tolerable and 
further demonstrate the potential of our UCNPs for bioimaging. 
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Strategies for selective deposition and selective etching of metal oxide 
materials on patterned substrates 

Fatemeh Sadat Minaye Hashemi, f.s.minayehashemi@tudelft.nl. TU Delft, 
Delft, Netherlands 

As the sizes of microelectronic devices continue downward scaling, novel 
processing methods are needed to meet the increasingly difficult materials 
challenges associated with the new devices. To achieve complex planar 
geometries and 3-D structures such as FinFETs structures with nanometer-
scale feature sizes, selective deposition processes may help facilitate the 
fabrication process. Selective deposition approaches in device fabrication 
require a technique that can provide for deposition of different materials with a 
variety of thicknesses while maintaining the selectivity up to high thickness 
limits. 
Atomic layer deposition (ALD) is a good choice for selective deposition 
because it is based on self-limiting reactions between gas phase precursors 



and specific functional groups at the growth surface. This chemical specificity 
provides a means to achieve selectivity in ALD on a spatially patterned 
substrate. Selectivity is obtained by passivation of the surface using self-
assembled monolayers (SAMs) in the regions where deposition is not desired. 
For selective deposition of metal oxides, we explored strategies for achieving 
area selective deposition of dielectric materials by selectively depositing an 
organic SAM as the blocking layer on metal parts of metal-dielectric (Cu-SiO2) 
pattern. We show that regeneration of the alkanethiol SAM protecting layer in 
the gas phase between ALD cycles is effective in improving the blocking 
properties of the SAM on Cu. This strategy provides the ability to carry out 
selective deposition for film thicknesses greater than 100 nm. Moreover, in 
order to decrease deposition time of a highly packed phosphonic acid SAM 
passivation layer, which is reported to be above 40 hours; and to improve 
selectivity of deposition for more reactive dielectric precursors, we perform 
selective deposition and selective etching of dielectric films on metal/dielectric 
pattern. In this approach we first selectively deposit phosphonic acid SAMs on 
Cu-SiO2 pattern followed by ALD of Al2O3. Subsequent sonication in a mild 
etchant will selectively remove the deposited dielectric film on Cu surface 
without affecting the film on SiO2. We show that using this method short time 
deposition of phosphonic acid SAMs is sufficient and selectivity limits for 
deposition of different high-κ dielectric materials can be improved up to more 
than 10 times opening up possibilities for new applications in next generation 
electronic devices. 
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Topographically selective atomic layer deposition on 3D nanostructures 
for novel nanopatterning processes 

Woo-Hee Kim1,2, hanpos7@gmail.com, Stacey F. Bent2. (1) Division of 
Advanced Materials Engineering, Chonbuk National University, Jeonju, 
Jeollabuk-do, Korea (the Republic of) (2) Chemical Engineering, Stanford 
University, Stanford, California, United States 

As the Si-based semiconductor industry goes into the sub-10 nm scale of its 
physical limit, conventional patterning processes, based on photolithography 
and etching, are facing fundamental limits for device downscaling. 
Accordingly, directing matter to create structures with atomic-scale control of 
physical and chemical properties is a technical breakthrough in next-
generation nanotechnology. The deposition of atoms at specific locations on a 
desired surface can boost advances in catalysis, energy harvesting as well as 
semiconductor device fabrication. Significant efforts are currently underway in 



both industry and academia to develop highly reliable and robust direct 
pattern transfer from the bottom-up approach. 
Of several paths being explored for novel nanopatterning, Area-selective 
atomic layer deposition (AS-ALD) is attracting increasing interest because of 
its ability to enable both continued dimensional scaling and accurate pattern 
placement for next-generation nanoelectronics. Here we report a strategy for 
depositing material onto three-dimensional (3D) nanostructures with 
topographic selectivity using an ALD process with the aid of an ultrathin 
hydrophobic surface layer. Using ion implantation of fluorocarbons (CFx), a 
hydrophobic interfacial layer is formed, which in turn causes significant 
retardation of nucleation during ALD. We demonstrate the process for Pt ALD 
on both blanket and 2D patterned substrates. We extend the process to 3D 
structures, demonstrating that this method can achieve selective anisotropic 
deposition, selectively inhibiting Pt deposition on deactivated horizontal 
regions while ensuring that only vertical surfaces are decorated during ALD. 
The efficacy of the approach for metal oxide ALD also shows promise, though 
further optimization of the implantation conditions is required. The present 
work advances practical applications that require area-selective coating of 
surfaces in a variety of 3D nanostructures according to their topographical 
orientation. 
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Surface reactions for area-selective atomic layer deposition and thermal 
atomic layer etching of metals and dielectrics 

Gregory Parsons, gnp@ncsu.edu. North Carolina State University, Raleigh, 
North Carolina, United States 

Emerging electronic materials and device designs require new capabilities for 
nanoscale localized material placement and lateral position control that are 
currently not well developed. While steady-state ALD reactions are well 
explored for many metal oxides and metals, the specific chemical sequences 
involved in growth initiation, i.e. the first few ALD cycles, are often less 
studied. Moreover, while it is well known that many ALD processes show a 
propensity to nucleation preferentially on some substrates versus others, 
emerging studies show that these differences can be exploited to achieve 
well-controlled inherent selective deposition, without the need for integrated 
blocking layers. To better classify and understand mechanisms for lateral-
scale control of thin film growth, our group explores how surface composition 
affects initial nucleation reactions during metal and metal oxide ALD. We find 
for example, that tungsten nucleation during ALD using WF6 and SiH4 is 



strongly affected by the density and local bonding structure of surface OH 
groups on SiO2. For example, removing clustered OH groups by annealing 
before ALD tends to promote nucleation, whereas, removing vicinal OH 
groups tends to delay nucleation, indicating that vicinal OH groups are more 
reactive with WF6. Other studies of nucleation reactions during TiO2 ALD on 
Si-H and SiO2 surfaces show that nucleation proceeds rapidly on silicon oxide, 
but the rate of nucleation on Si-H depends strongly on the surface preparation 
and initial wetting contact angle. Our group also explores novel atomic layer 
etching and atomic-scale passivation reactions that can be further used to 
enhance substrate selectivity during ALD. The impact of understanding 
surface reaction processes will be discussed as it relates to challenges for 
selective-area ALD and advanced nanoscale material patterning. 
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Surface chemistry of metal atomic layer deposition (ALD) precursors 

Francisco Zaera, zaera@ucr.edu. Univ of California, Riverside, California, 
United States 

A combination of modern surface-sensitive techniques has been used to study 
the mechanisms of the chemistry of several key metalorganic complexes 
proposed as possible precursors for the growth of metal thin films by atomic 
layer deposition (ALD) on a variety of substrates. In this presentation we will 
present data from a few recent examples of such studies from our laboratory. 
We will start by discussing the thermal surface chemistry of reactive 
complexes based on amidinates and related coordinating groups. The gas-
phase pre-activation of stable cyclopentadienyl complexes will be presented 
next. Our third topic will be the use of oxidants such as molecular oxygen as 
co-reactants to grow metallic films, using Ru ALD as a prototypical example. 
Finally, the differences in surface chemistry and ALD film growth seen when 
starting with different substrates will be illustrated. General conclusions 
extracted from these surface-science examples will be highlighted. 
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A tale of two coordination modes: Diaminoalkylsilane adsorption on 
dielectric and silicon substrates 

Jessica Kachian, Jessica_Kachian@amat.com. Applied Materials, Santa 
Clara, California, United States 



(Dialkylamino)alkylsilanes, varying in degree of dialklyamino substitution, have 
been explored for use in blocking ALD and CVD on silicon-based dielectrics. 
In 2010, Roy Gordon reported use of (dimethylamino)trimethylsilane and 
bis(dimethylamino)dimethylsilane towards selective Mn CVD on Cu versus 
silicon-based dielectric. Here, the adsorption behavior of 
bis(dimethylamino)dimethylsilane on H-Si(100) and native SiO2 surfaces was 
studied to extract the process conditions that favor selective attachment of 
bis(dimethylamino)dimethylsilane on SiO2 over H-Si(100), where the overall 
objective is selective ALD on H-Si(100). For the conditions explored, DFT and 
in-situ IR and XPS suggest bis(dimethylamino)dimethylsilane reaction with 
SiO2 yields a mixed product distribution of dual- and single-ligand exchange 
adducts, with the concentration of dual exchange adduct maximized at 
Tsubstrate = 200 C. Under the same conditions, 
bis(dimethylamino)dimethylsilane adsorption on H-Si(100) is observed for 
Tsubstrate ≥ 300 C and likely occurs via reaction at oxidized sites. The study 
indicates product distributions are independent of exposure method for the 
substrates and temperatures probed 
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Surface chemistry of thermal atomic layer etching 

Steven M. George, steven.george@colorado.edu. Univ of Colorado, Boulder, 
Colorado, United States 

Thermal atomic layer etching (ALE) is a thin film removal technique based on 
sequential, self-limiting surface reactions. ALE is the reverse of atomic layer 
deposition (ALD). Thermal ALE is important for nanofabrication because 
thermal ALE provides for atomic layer controlled and isotropic etching. This 
talk will discuss the surface chemistry of thermal ALE procedures that have 
been developed recently for the thermal ALE of metal oxides, metal nitrides 
and elemental metals. (1) Thermal Al2O3 ALE will be discussed first using HF 
and Al(CH3)3 as the reactants. This surface chemistry employs sequential 
fluorination and ligand-exchange reactions. HF fluorinates Al2O3 to produce a 
surface AlF3 layer. The ligand-exchange reactions then produce volatile 
etching products such as AlF(CH3)2. (2) Some metal nitrides do not have 
stable fluorides and can not be etched using fluorination and ligand-exchange 
reactions. However, many of these materials can be etched using surface 
chemistry based on oxidation and fluorination to a volatile fluoride. TiN ALE 
using O3 and HF as the reactants will be presented as an example of this new 
approach. O3 oxidizes TiN to produce a surface TiO2 layer before the 
spontaneous etching of TiO2 by HF. (3) In addition, many elemental metals 



react vigorously with fluorine and form very thick fluoride layers or volatile 
fluorides that are incompatible with an ALE process. These elemental metals 
can first be oxidized to the metal oxide and then etched using fluorination 
followed by ligand-exchange reactions or alternative reaction pathways. The 
surface chemistry of W ALE will be discussed using oxidation, conversion to a 
different metal oxide, and then fluorination to a volatile fluoride. W ALE 
employs O3, BCl3 and HF as the reactants. O3 oxidizes W to produce a 
surface WO3 layer. BCl3 converts WO3 to a surface B2O3 layer and then 
B2O3 is spontaneously etched using HF. 

 
Surface chemistry for W atomic layer etching based on sequential oxidation, 
conversion and fluorination reactions. 
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Thin polymer films created by controlled vapor- and solution-phase 
surface polymerizations 

Mie Lillethorup1,7, miel@chem.au.dk, David S. Bergsman2, Mikkel Kongsfelt3, 
Steen Uttrup Pedersen4, Kim Daasbjerg5, Stacey F. Bent6. (1) Chemistry and 
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The field of surface and interface engineering has advanced greatly from the 
development in controlled depositions of thin polymer films. Chemical and 
physical properties of interfaces can be tailored at a molecular level, which is 
of immense importance for nanoscale applications, e.g. catalysis, 
microelectronics, and biosensing. The highest control is achieved by surface 
initiated (SI) polymerizations, where polymer chains are grown in situ, directly 



from the surface either via vapor- or solution-phase processes. Among vapor-
phase approaches, molecular layer deposition (MLD) is superior in achieving 
molecular control in the polymer deposition, whereas SI atom transfer radical 
polymerization (ATRP) is the most popular and versatile controlled solution-
phase surface polymerization. Here we present some of our contributions to 
the fields of MLD and SI-ATRP. 
MLD is a vapor-phase step-growth polymerization, where molecular control in 
the surface polymerization is achieved by sequential dosing of two bifunctional 
monomers. The polymer backbone is usually based on polar linkages, e.g. 
urea, ester, and amide, but in recent work we demonstrate how photo-
activated iodo-ene coupling reactions are implemented in MLD to create C-C 
coupling reactions without the need for a catalyst. High control is observed, 
and the surface polymers exhibit excellent stability. This photo-activated 
radical step-growth polymerization opens new direction for MLD, and its 
versatility to expand the class of MLD polymers will be discussed. 
SI-ATRP is a solution-phase, controlled radical polymerization. Contrary to 
MLD, true molecular control is in practice not attainable, but SI-ATRP is 
characterized by narrow polydispersity index and excellent control over film 
thickness. Combined with its versatility, SI-ATRP is therefore a popular 
method to create well-defined polymer brush films. The polymer backbone is 
aliphatic, but the choice of side chain controls the polymer properties. Here we 
present how functional polymer brushes can be created either directly by SI-
ATRP of a functional monomer, or through post-polymerization modification of 
reactive polymer brushes. The high control of SI-ATRP ensures formation of a 
true polymer brush film, and we demonstrate how the surface anchored 
polymer brushes are excellent candidates to achieve adhesion to bulk plastic 
materials. 
Finally, we compare and discuss advantages and limitations in the controlled 
surface polymerizations, MLD and SI-ATRP. 
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Davis, Davis, California, United States 

The effect of decane and 1-octanol on the ternary diffusion coefficient matrix 
and the micelle diffusion coefficient in aqueous solutions of decaethylene 



glycol monododecyl ether (C12E10) has been investigated with Taylor 
dispersion and dynamic light scattering techniques. Decane, thought to 
partition to the micelle core, has been observed to increase the micelle radius 
and have a negligeable effect on the micelle-micelle interaction parameter. 
Octanol, thought to partition to the micelle palisade layer, has been observed 
to affect the micelle size, shape, and the micelle-micelle interaction 
parameter. Interestingly, these solutes also elicit very different trends in the 
ternary diffusion coefficient matrix with solute concentration. In both cases, the 
diffusivity matrix reveals suppressed solute flux down its own gradient, 
surfactant flux up a solute gradient, and solute flux down a surfactant gradient 
at all concentrations. However, the diffusivity matrix was found to be relatively 
insensitive to decane concentration while strong trends were observed with 1-
octanol concentration. In this work, trends in the diffusivity matrix, measured 
via Taylor dispersion, are related to trends in the micelle diffusion coefficient, 
measured via dynamic light scattering, to provide insight into the mechanisms 
that drive diffusion coupling in nonionic micellar solutions with very 
hydrophobic solutes. 
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Molecular dynamics investigation of ionic interfacial partitioning in 
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Heterogeneous reactions that occur in atmospheric aerosol particles are 
critical components to chemical reaction cycles associated with ozone loss, 
acid rain, and tropospheric ozone production. The interfacial region of 
aerosols and its properties are not well understood. We used reverse micelles 
as proxies to investigate the interfacial partitioning of ions in such 
environments. We performed fully atomistic molecular dynamics simulations 
for the L2 phase of the ternary system composed of surfactant dioctyl sodium 
sulfosuccinate (AOT), water represented by TIP3P model and isooctane 
solvent. The reverse micelles were created using Packmol, and constant 
pressure-temperature simulations were conducted using GROMACS 
molecular dynamics engine. The size of a reverse micelle is indicated by w0, 
the ratio of water to surfactant molecules. The simulated reverse micelles had 
w0 values of 10, 15, and 20. For each w0 value, we simulated reverse 
micelles with KCl concentration of 0.25 M, 0.50 M, 0.80 M, and 1.0 M. The 
results show that the ions tend to form layers in the interfacial region. K+ ions 



reside near the surfactant head groups and even replace the Na+ counter-ion 
of the surfactant while the Cl- anions prefer the water core. Density 
calculations indicate that the interfacial region of the reverse micelles are 
structured as follows: R-SO3- > Na+ ≥ K+ > Cl- (Core). The radial distribution 
functions, g(r), for SO3-K+ and SO3-Na+ of all reverse micelles were calculated 
and indicate that majority of both ions are localized near the head groups of 
the AOT. Our recent results indicate that such trends are also observed for 
much smaller reverse micelles. Overall, this study provides new insights into 
the arrangement and distribution of ions within the interfacial region and the 
interplay between ionic layering and interfacial affinity. 
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Transitions between non-equilibrium micelles 
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Non-equilibrium self-assembled nanostructures hold promise for stimulated 
transitions at otherwise constant conditions. However, the reliable formation of 
these structures can be still a challenge. This is especially true when 
considering the delicate balance between kinetic trapping of micelles for long 
term stability and otherwise implementing the possibility to induce 
morphological transitions toward the equilibrium structure by applying minute 
deflections from metastability. Herein, we introduce an adjustable polymer-
based system, which meets both demands, allowing considerable changes of 
the material properties upon triggering the non-equilibrium micelles by help of 
various stimuli. 
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We have recently discovered that some calix[4]arene-based amphiphiles self-
assemble into completely monodisperse micelles in terms of the aggregation 
number (Nagg). Interestingly, the Naggs are always consistent with the vertex 
number of Platonic solids, indicating the formation of polyhedral structures. 
Regarding the thermodynamics of the formation of Platonic micelles, both 
repulsive interactions including steric hindrance and electrostatic repulsions 
among the headgroups are important for their formation; however, neither of 
these is necessarily needed. In this study, we employed polyethylene glycols 
(PEGs) or sugars as the non-ionic headgroup of calix[4]arene-based 
amphiphiles to study the effects of only repulsive interactions caused by steric 
hindrance on the formation of Platonic micelles. 
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Calix[4]arene-derivative surfactants form monodisperse micelles with a well 
defined aggregation number (Nagg), the value of which is selected from among 
4, 6, 8, 12, and 20, corresponding to the Platonic solids. This feature is in 
strong contrast to conventional micelles. Here, we focused on a kinetics; a 
transition from dodecamer (Nagg = 12) to icosamer (Nagg = 20) induced by a 
rapid increase of the NaCl concentration (CNaCl) using a stopped-flow device 
was directly observed with time-resolved small-angle X-ray 
scattering. Nagg was unchanged during 60 s after CNaCl increased, and then 
abruptly increased to 20. This phenomenon is similar to the phase transitions 
in a supersaturated or supercooled state, or highly cooperative phenomena. 
The phenomena may be related to our hypothesis that only a few Nagg values 
are thermodynamically allowed, when Nagg is sufficiently small. This is the first 
observation of such abnormal discontinuous change in micellar aggregation 
behavior. 
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Micelles are self-assembled aggregates of amphiphilic molecules with 
hydrophilic head-groups and hydrophobic tails. The unique viscoelastic 
property of micelles give rise to a wide range of applications and have 
attracted great attention from researches. The performance of micellar 
products depends highly on the nano-scaled structure of micelles which are 
generally adjusted through the addition of salt and co-solvent, such as 
dipropylene glycol (DPG). 
Numerus studies have been conducted using rheology, demonstrate that the 
addition of alcohols has a huge impact on the rheological behavior of micelles. 
Various rheological models and simulations were used to interpret the data. 
However, the lack of a direct method of structural verification makes the 
conclusions more or less ambiguous. Therefore, it is critical to employ a more 



direct method, small angle neutron scattering (SANS), to obtain structural 
information and to further understand the influence co-solvents have on 
micelle formation. 
A hybrid scattering function is employed to acquire both the local cylindrical 
and the overall structure and branching of worm-like micelles (WLMs). Fits 
also yield the scattering contrast between the deuterated solvent and the core 
of the micelle. Scattering length density differences obtained from the fit are 
extremely sensitive to the change in composition of micelles and allow the 
evaluation of the partitioning of DPG molecules in different phases. The size 
distribution of WLMs can also be interpreted as an equilibrium balance 
between the translational entropy of the WLMs (favoring shorter contour 
lengths) and the free energy per molecule (favoring longer contour lengths). 
Based on a slight modification of Cates and Candau’s theory, free energy, 
entropy and enthalpy of scission (forming two end-caps) can be obtained. The 
entropy and enthalpy change involved in the scission process are 
quantitatively evaluated to understand the energetic impact of the addition of 
DPG on the micellar system. 
These investigations help us to gain a closer look on the mechanism of the 
co-solvent’s impact on micelle structure, and may eventually allow the 
development of a model for the prediction of micellar behavior with other types 
of additives leading to tunable micellar products. 
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Nikolay Smolentsev, Cornelis Luetgebaucks, Halil Okur, Sylvie Roke, 
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Variations between the inner and outer leaflets of cell membranes are crucial 
for cell functioning and signaling, drug-membrane interactions, and the 
formation of lipid domains. Transmembrane asymmetry can in principle be 
comprised of an asymmetric charge distribution, differences in hydration, 
specific headgroup/H-bonding interactions or a difference in the number of 
lipids per leaflet. Here, we characterize the transmembrane asymmetry of 
small unilamellar liposomes consisting of zwitterionic and charged lipids in 
aqueous solution using vibrational sum frequency scattering and second 
harmonic scattering, label-free methods, specifically sensitive to lipid and 
water asymmetries. For single component liposomes, transmembrane 
asymmetry is present for the charge distribution and lipid hydration, but the 
leaflets are not detectably asymmetric in terms of the number of lipids per 



leaflet, even though geometrical packing arguments would predict so. Such a 
lipid transmembrane asymmetry can, however, be induced under conditions 
that enable H-bonding interactions between phosphate and amine groups. In 
this case, the measured asymmetry consists of a different number of lipids in 
the outer and inner leaflet, a difference in transmembrane headgroup 
hydration, and a different headgroup orientation for the interacting phosphate 
groups. 
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In this work, force curve data collected using an atomic force microscope 
(AFM) on adsorbed surfactants was used to first investigate the assumption of 
a “naked” AFM tip in surfactant solutions by collecting force maps on a single 
AFM tip with the tip of a separate AFM probe. A break-through event was 
observed between the tips, indicating a layer of surfactant was present on at 
least one if not both tips. Force curves were then collected using the 
surfactant TTAB adsorbed to flat surfaces of highly ordered pyrolytic graphite 
(HOPG), silica, and silica reacted with dichlorodimethyl silane. The break-
through events were compared through histogram analysis to show that the 
break-through distance, often reported as the adsorbed film thickness, varied 
with concentration below the critical micelle concentration (CMC) but was 
approximately 3.5 nm on all surfaces between 2 and 10xCMC; an unexpected 
result. Slope mapping, a variant of force mapping, was also implemented on 
the three surfaces and resulted in a new technique for visualizing adsorbed 
surfactant in situ. The resulting maps showed patches of adsorbed surfactant 
whose size increased with concentration below the CMC and eventually 
reached full surface coverage near and above the CMC.  
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Electrochemical diffusion coefficients for cationic surfactants using 
ferrocene probes 
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Ferrocene and its derivatives are excellent electroactive probes. Cyclic 
voltammetry measurements are employed to yield diffusion coefficients of 
surfactant aggregates assuming the electroactive probe strongly binds to the 
micelles using a standard two site model. Ferrocene and hexylferrocenyl 
alcohol were investigated in the presence of two surfactants, 
dodecyltrimethylammonium bromide (DTAB) and, propandiyl-α-ω-
bis(dodecyldimethylammonium bromide, a cationic gemini surfactant (labelled 
12-3-12). Preliminary data shows the observed ferrocene diffusion coefficients 
of 2.0 x 10 – 10 m2/s and 7.1 x 10 – 11 m2/s in the presence of 40mM DTAB and 
40 mM gemini surfactants. Similarly for the hexylferrocenyl alcohol probe, the 
diffusion coefficients are 8.4 x 10 – 11 m2/sec and 1.8 x 10 – 11 m2/sec, in the 
presence of 40 mM DTAB, and 40 mM 12-3-12 bromide, respectively. The 
hexylferrocenyl alcohol is more hydrophobic than the ferrocene so the 
predicted diffusion coefficients for the former are predicted to be smaller in 
magnitude. In recognition of the two site model, the hexylferrocenyl alcohol 
diffusion coefficients more adequately show the diffusion character of the 
micellized surfactant than ferrocene.  
Using DOSY NMR methods, the surfactant self-diffusion coefficient of 12-3-12 
at 15 mM is 5.6 x 10 – 11 m2/sec which compares well to the electrochemical 
diffusion coefficient of hexylferrocenyl alcohol in 15 mM 12-3-12 surfactant 
which is 7.6 x 10-11 m2/sec. In conclusion, the hexylferrocenyl alcohol probe 
must partition into the micellar aggregate more strongly than ferrocene and 
yields diffusion coefficients more closely paralleling the NMR self-diffusion 
coefficients of the aggregated surfactants. The cyclic voltammetry methods 
are generally applicable using simple inexpensive instrumentation and could 
be useful compliment to NMR methods. 
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The relatively new area of immobilized-catalysis multicompartment micelle 
nanoreactors holds great potential in the fields of reaction 
compartmentalization and tandem catalysis. From a computational 
perspective, investigating the potential of micelles as nanoreactors requires 
block copolymer miscibility analysis on both a fully atomistic and a mesoscale 
basis; this information is used to carry out mesoscale simulations of micelle 
self-assembly. 
 
Extensive work has already been completed in this group to establish a robust 
method of computational Flory-Huggins χ-parameter analysis for a given pair 
of molecules. We have applied this method of miscibility analysis to 
candidates for a micelle nanoreactor. Further, mesoscale techniques such as 
dissipative particle dynamics (DPD) have already been demonstrated within 
our work to generate excellent micellization simulations with extensive self-
assembly given atomistic miscibility data. 
 
Through the use of such mesoscale techniques as DPD, we propose to study 
the transport phenomena of various species through a micelle system 
composed of hydrophilic, lipophilic, and fluorophilic blocks. The proposed 
study includes possible reactant/product transport kinetics. Given that the 
constituent molecular morphology has a marked effect on micelle self-
assembly, we also propose to investigate the effects of micelle microstructure 
on transport phenomena, with block order and block length ratios as 
candidate vectors of analysis. 
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Hydrophobically modified ethoxylated URethane polymers (HEURs) are 
widely used to control the rheological profile of formulated particulate 
dispersions. However, HEURs, interact with other components in the 
formulation, in particular surfactants, leading to substantial perturbations in 
behavior. Surface tension, rheology, fluorescence, electron paramagnetic 
resonance (EPR), small-angle neutron scattering (SANS) and pulsed-gradient 
spin-echo nuclear magnetic resonance (PGSE-NMR) have been employed to 



quantify how molecular-level interactions between HEURs and sodium 
dodecylsulfate (SDS) define the macroscopic behavior of the 
polymers/surfactant mixture. Three different HEUR polymers from the Acrysol 
range were studied: RM2020E, denoted HEUR C6-(EO100-L)9-C6, RM8W C10-
(E0200-L)4-C10, and RM 12W C18-(E0200-L)7-C18 have been studied at both 
Cpolymer< C* (critical overlap concentration) and Cpolymer>C*. Below C*, 
monomeric anti-cooperative and micellar cooperative binding of SDS has 
been detected and evidence of polymer conformational changes have been 
observed as a function of SDS concentration. Above C* the two SDS binding 
mechanisms, as well as the polymer conformational changes, have been 
observed to shift to higher SDS concentration. There is a complex balance 
between polymer molecular weight, ethylene oxide segment size, and 
therefore the number of urethane linkers, coupled with the size of the 
hydrophobic end groups. The insights gained in this work attempt to define 
macroscopic and nanoscale structure-property relationship of HEUR/SDS 
interaction. 
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The convergence of the fields of nanotechnology and medicine has resulted in 
innovative approaches for novel disease therapies, biomedical imaging and 
sensing, and numerous others. One of the biggest challenges for effectively 
using nanoparticles in biological applications is the physical interface between 
the nanoparticles and its biological environment. Surface fouling and non-
specific adsorption can lead to undesirable side effects such as diminished 
targeting specificity and cell uptake, unfavorable biodistribution, and toxicity. 
However, protein corona formation and non-specific adsorption can actually 
be exploited for biological applications. We show how the unique properties of 
protein coronas can be utilized for different medical applications including 
phototriggered therapy, control of blood clotting, and also in improving 
sandwich immunoassays in paper-based dipstick and lateral flow 
immunoassays. 
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When mixing citrate-capped gold nanoparticles with blood plasma or serum, a 
layer of proteins along with other biomolecules can adsorb instantly to the 
nanoparticle surface to form a biomolecular corona. Because a pathological 
condition can change the quantity or types of proteins and other relevant 
biomolecules present in the blood, we hypothesize that by analyzing the 
composition of the biomolecular corona, it is possible to discover molecular 
differences between patients versus healthy controls, and such molecular 
differences may be used as biomarkers for diagnostic applications. We have 
developed a dynamic light scattering-based assay platform to detect and 
analyze the specific proteins adsorbed to the gold nanoparticle surface. The 
assay involves a simple two-step process as illustrated in Figure 1: in the first 
step, a few microliter of blood plasma or serum is mixed with a citrate-capped 



gold nanoparticle solution. After 5-15 min of incubation, a stable biomolecular 
corona is formed on the nanoparticle surface. The formation of the 
biomolecular corona will lead to an increase in the average particle size of the 
assay solution. Then in a second step, an antibody specific to the interested 
target protein in the nanoparticle corona is added to the assay solution. If a 
target protein is present in the corona, the binding of the antibody with the 
target protein in the corona will lead to nanoparticle aggregation, and such 
aggregate formation is readily detected by dynamic light scattering. A test 
score, expressed as the ratio of the average particle size measured from the 
second step versus the first step of the assay, reveals the relative quantity of 
the target protein present in the biomolecular corona. Using this platform, we 
were able to detect active immune response associated with acute viral 
infection and certain type of cancer. By varying the assay platform slightly, we 
developed a rapid blood test for Zika viral infection diagnosis. Our work 
demonstrates that the analysis of biomolecular corona formed on the 
nanoparticle surface in blood provides a rich opportunity for biomarker 
detection and diagnostic test development. 
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The goal of the biomarker field is to develop simple non-invasive tests that 
allow early disease detection and monitor disease progression. Blood is the 
most studied biomarker source because of its dynamic composition that 
reflects the pathological state. Proteins are the most common type of 
biomarkers, used in medical diagnostics so far. One of the major obstacles to 
identify protein biomarkers is the highly dynamic concentration range of 
plasma proteome (more than 10 orders of magnitude) which exceeds the 
current capability of proteomic analysis and therefore limits the identification of 
low abundance protein candidates. 
In this study, we propose the use of clinically used nanoparticles (liposomes) 
as a platform to scavenge the blood pool for biomarkers. It has been 
repeatedly shown that when nanoparticles are dispersed in a biofluid, layers 
of proteins adsorb onto their surfaces forming a complex bioshell, known as 
‘protein corona’. In our recent reports, we described for the first time a 
protocol to recover protein-coated liposomes from the blood circulation of 
mice, purify the unbound proteins and quantitatively and qualitatively 
characterize the protein corona. A striking observation was that the most 
abundant proteins of liposomal corona were not the most abundant plasma 
proteins. 
This study proves the ability of liposomes to interact with low molecular weight 
and low abundant, proteins in the blood circulation of tumor-bearing mice. 
Liposomal protein coronas formed in melanoma and human lung 
adenocarcinoma bearing mice were thoroughly characterized by Mass 
Spectrometry and compared to protein coronas formed in healthy mice. The 
elimination of background, high abundant proteins enabled the uncovering of 
multiple tumor-associated proteins that could not be directly detected by 
plasma analysis. 
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Nanoparticles (NPs) in contact with biological fluids are immediately coated by 
a protein corona (PC), composed of hard (strongly bounded) and/or soft 
(loosely associated) protein layers. The PC governs the biological ‘identity’ of 
a NP and represents the actual nano-interface that is presented to and 
interacts with cellular membranes. Understanding such interactions can be 



used to design nanomaterials with controlled surface characteristics in a 
biological environment. In this regard, lipid monolayers employed as model 
membranes have been extensively used to examine interactions between bio-
membranes and NPs. In this work, we combined Langmuir Blodgett technique 
with hyperspectral microscopy to investigate how the NP-cell membrane 
interactions are modulated by the presence of a protein (human serum 
albumin), either free in the environment or included in the hard and soft 
coronas, and to explore their effects on the formation and structure of lipid 
domains. Our results show that the inclusion of 100 nm polystyrene (PS) 
nanoparticles within a monolayer does not affect the monolayer lipid packing 
and phase state. Complexation of the PS NPs with proteins promotes their 
attachment to the lipid monolayers. PS NPs-hard corona (HC) complexes 
cause lipid extraction at high monolayer surface pressure (30 mN m-1) and 
lead to the modification of the monolayer phase behavior with hindering of 
growth of solid domains, increasing of the monolayer resistance to 
compression, and lowering of the collapse pressure. We also found that NPs-
soft corona (SC) complexes, thus far not considered important for such 
interactions, induced greater changes in lipid monolayer structure than the 
NPs alone at the same concentration. Compared to NP-HC complexes, NP-
SC complexes yield more disordered structure in monolayers with less 
cohesion between the lipid molecules.  
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Interaction of proteins with nanoparticles probed with non-optical 
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Adsorption of proteins to nanoparticles can be measured by the increase of 
the effective hydrodynamic diameter. This has been extensively reported 
using fluorescence correlation spectroscopy (FCS), which however as optical 
methods suffers from light scattering and absorption effects in complex 
environments. Here a non-optical method for detecting hydrodynamic 
diameters in complex environments will be discussed. 
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Selective blood vessel deletion using nanoparticle-mediated drug 
delivery in zebrafish embryos 
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In this work we show the zebrafish embryo can be used to identify the 
mechanisms which determine nanoparticle fate in vivo. Through this 
approach, we discovered that many administered liposomes – as well as other 
nanoparticles commonly used for drug delivery - are cleared from circulation 
by a specialized endothelial cell type, previously unknown within the zebrafish 
embryo. Importantly, we show these cells are homologous to mammalian liver 
sinusoidal endothelial cells (LSECs) and can therefore be defined as 
scavenging endothelial cells (SECs). Having identified this cell type, we are 
able to show, for the first time, SEC differentiation during early embryonic 
development. 
 
In mammals, up to 99% of the injected nanoparticle dose is cleared by the 
liver. The current paradigm is that within the liver, nanoparticles are cleared by 
the mononuclear phagocyte system (MPS). Our results direct challenge this 
paradigm and show SECs are a complementary cell-type critical for clearance 
of nanoparticles. 
 
So far, mechanistic studies have focused on nanoparticle clearance by the 
MPS. In this work, we uncover the biological mechanism underpinning 
nanoparticle-SEC interactions in zebrafish, revealing nanoparticle binding and 
uptake is dominated by a single scavenger receptor, stabilin-2. In mammals, 
this receptor is selectively expressed by LSECs. With this knowledge, we are 
able to not only exploit nanoparticle-SEC interactions to demonstrate SEC-
specific drug delivery and selective deletion of a single blood vessel in the 
zebrafish embryo but also prevent these interactions through injection of a 
competitive Stabilin-2 inhibitor. This method radically alters nanoparticle 
biodistribution in vivo and provides a novel rationale for minimising off-target 
nanoparticle interactions with the human liver. 
 
Targeting inefficiencies of reported nanoparticle-based drug delivery systems 
have recently come under scrutiny. In the vast majority of cases, failure to 
efficiently target specific cells and tissues is compounded by nanoparticle-liver 
interactions. By revealing a key interaction between administered 
nanoparticles and the SECs of the mammalian liver, this work is of 
fundamental interest to all those wishing to apply nanotechnologies in vivo. 
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Steffen Kurzhals1, Edmondo Maria Benetti2, Ronald Zirbs1. (1) Dept. of 
Nanobiotechnology, BOKU Wien, Vienna, Austria (2) Dept. Materials, ETH 
Zurich, Zurich, Switzerland 

We have developed a platform of monodisperse (σ<5%) and densely polymer 
grafted superparamagnetic iron oxide nanoparticles (SPION) suitable for 
medical and biotechnological applications such as targeted magnetic 
resonance imaging (MRI), drug delivery, labeling and molecular extraction. 
We can exquisitely control the colloidally stabilizing polymer shell properties 
(density, thickness, morphology and topology) by nitrocatechol chemistry to 
irreversibly graft polymer chains to the iron oxide surface and by using newly 
developed methods for efficient ligand replacement. In addition to 
poly(ethylene glycol) (PEG) we used polyoxazolines (POZ) as a versatile 
alternative to produce stealth coatings that also allows for investigation of the 
impact of thermoresponsiveness and topology on (bio)colloidal interactions 
and cell uptake. 
We present thorough structural and colloidal characterization of PEG- and 
POZ-grafted SPION, including biophysical and in vitro cell measurements; 
these successfully show that high and irreversible polymer shell grafting 
density coupled with a sufficiently thick shell can produce stealth particles that 
suppress protein and lipid membrane interactions, and lead to minimized non-
specific cell uptake. The amazingly high colloidal stability was e.g. exploited 
for contrast agents in high-Tesla MRI with an unsurpassed relaxivity-to-size 
ratio and for reversible magnetothermal aggregation and extraction of 
aqueous suspensions of magnetic nanoparticles stable in magnetic fields in 
serum. However, we will also present recent calorimetry measurements that 
show that densely polymer-grafted particles strongly interact with serum 
proteins despite their exceptionally good colloidal stability. This interaction 
appears to depend on polymer topology (linear vs. cyclic) and opens to 
question the actual role of dense spherical linear polymer brushes to stabilize 
nanoparticles in biofluids. 

  



COLL 94 

Suppressing nanoparticle-mononuclear phagocyte system interactions 
of two-dimensional gold nanorings for improved tumor accumulation 
and photothermal ablation of tumor 

Yijing Liu1, yjliu2010umd@gmail.com, Zhihong Nie2, Xiaoyuan (Shawn) 
Chen1. (1) National Institute of Biomedical Imaging and Bioengineering , 
National Institutes of Health, Bethesda, Maryland, United States (2) Chemistry 
and Biochemistry, University of Maryland, College Park, Maryland, United 
States 

The clearance of nanoparticles (NPs) by mononuclear phagocyte system 
(MPS) from blood leads to high liver and spleen uptake and negatively 
impacts their tumor delivery efficiency. Here we systematically evaluated 
the in vitro and in vivo nano-bio interactions of a two-dimensional (2D) model, 
gold (Au) nanorings, which were compared with Au nanospheres and Au 
nanoplates of similar size. Among different shapes, Au nanorings achieved 
the lowest MPS uptake and highest tumor accumulation. Among different 
sizes, 50 nm Au nanorings showed the highest tumor delivery efficiency. In 
addition, we demonstrated the potential use of Au naonrings in photoacoustic 
imaging and photothermal therapy. Thus, engineering the shape, surface 
area, and size of Au nanostructures is important in controlling NP-MPS 
interactions and improving the tumor uptake efficiency. 

COLL 95 

Glycan engineering at nanoparticle surfaces to understand and detect 
infection 

Benjamin Martyn, Sangho Won, Sarah-Jane Richards, Matthew I. Gibson, 
m.i.gibson@warwick.ac.uk. Chemistry and Warwick Medical School, 
University of Warwick, Coventry, United Kingdom 

Glycosylation is a ubiquitous post-translational modification, with more than 
half of the human proteome being glycosylated and all cells are covered in the 
complex carbohydrate layer termed the glycocalyx. The glycocalyx is highly 
dynamic and essential for correct cellular function, with the (mis)presentation 
of specific glycan patterns correlating with disease state. The glycocalyx also 
acts as an 'anchor' point for infection by pathogens, which adhere as the first 
stage of infection. Nature generates affinity and avidity by precise 3-D 
presentation of the glycans, overcoming the intrinsically weak binding affinity 



between a single carbohydrate and a lectin (carbohydrate binding protein). 
Here I will discuss the development of glycosylated multivalent probes of 
glycan function, and their translation to point-of-care diagnostics for infectious 
disease. Photochemical RAFT polymerization is used to enable easy access 
to telechelic polymers with a glycan attachment site at one end, and a thiol at 
the other to enable assembly onto gold nanoparticle surfaces. Using a liquid 
handling robot, semi-automated assembly of combinatorial libraries (10’s – 
100’s) of homogeneous and heterogeneous (> 2 different glycans) 
nanoparticles have been assembled. The impact of glycan nature, density and 
mixtures of glycans on the recognition and binding of pathogen-associated 
lectins is probed enabling the identification of high-affinity, high selectivity 
binders by label-free colorimetric assays. In particular, the use of these 
particles to detect and neutralize the Cholera toxin and Ricin (a biological 
warfare agent) will be shown. I will also introduce our new generation of 
dynamic glycomaterials which can controllably present a glycan in response to 
an external trigger. 

 
Using photo-polymerization and robotic handling to assemble diverse libraries of 
glycan-coated nanoparticles. Application of these to probe and understanding toxin 
binding and as nanoscale biosensors 

COLL 96 

Bacterial display of peptides for control of bacteria-gold interfaces 

Deborah A. Sarkes1, deborah.a.sarkes.civ@mail.mil, Jeffrey J. Rice2, Hong 
Dong1,3, Jessica Terrell1, Justin P. Jahnke1, Meagan C. Small1,4, Margaret 
Hurley1, Dimitra N. Stratis-Cullum1. (1) Biotechnology Branch, US Army 
Research Laboratory, Adelphi, Maryland, United States (2) Department of 
Chemical Engineering, Auburn University, Auburn, Alabama, United States (3) 
General Technical Services, Wall, New Jersey, United States (4) Oak Ridge 
Associated Universities, Belcamp, Maryland, United States 



The ability to control the interactions between cells and abiotic materials is 
useful for a wide variety of applications, including medicine, protective 
coatings, and bioelectronics. Understanding amino acid binding contributions 
and the environmental effects that contribute to peptide binding are critical to 
effectively manipulate these interactions. Bacterial display of peptides using 
the enhanced circularly permutated protein X (eCPX) in E. coli has been 
harnessed for binding to both biological materials (as robust antibody 
replacements) and inorganic materials (particularly to metals). Here we aim to 
understand and control the interactions between peptides displayed at the 
outer membrane of E. coli and gold-coated surfaces utilizing this eCPX 
system. Several previously discovered and de novo designed peptides 
displayed on the cell surface were studied and compared for their ability to 
bind gold while altering a variety of environmental conditions, such as binding 
buffer composition, pH, salt concentration, and the presence of surfactants or 
other additives, with the ultimate goal of reversibility. Control of binding onset 
independent of induction of peptide expression was achieved for some 
peptides tested, as was the removal of bound cells from the gold surface by 
manipulation of peptide-gold interactions. The effects of linker length and 
composition on the eCPX display scaffold were also studied, as were pre-
treatments of the gold surface. 

COLL 97 

Biological colloids: Bacterial outer membrane vesicles 

Elnaz S. Rasti, Justin B. Nice, Angela C. Brown, 
acb313@lehigh.edu. Department of Chemical and Biomolecular Engineering, 
Lehigh University, Bethlehem, Pennsylvania, United States 

Outer membrane vesicles (OMVs) are spherical, lipid-encapsulated vesicles, 
on the order of 100 nm in diameter, that are secreted by Gram negative 
bacteria. These vesicles contain bacterial virulence factors such as protein 
toxins, which play key roles in bacterial pathogenesis, as well as DNA and 
other molecules. Using Vibrio cholerae as a model, our lab investigates two 
important interfacial interactions of the OMVs, (1) association of cholera toxin 
(CT) with the OMV and (2) association of the OMV with host cells, with the 
long-term goal of uncovering targets that could be exploited to prevent 
disease. In its free form, CT, the major virulence determinant of V. cholerae, 
binds a specific ganglioside, GM1, located in cholesterol-rich lipids rafts on 
intestinal epithelial cells, allowing internalization of the toxin. Importantly, we 
discovered that a majority of the secreted CT is associated with OMVs, rather 
than in its free form, highlighting the need to understand this delivery 



mechanism to fully characterize the organism’s virulence. We first investigated 
the association of CT for OMV lipid components as well as the toxin’s location 
in/on the OMV and found that CT has no affinity for the highly negatively 
charged lipopolysaccharide (LPS) that comprises the surface of the OMV, but 
instead binds to phosphatidylethanolamine, a component of the inner leaflet of 
the membrane. Accordingly, the toxin is located entirely within the lumen of 
the OMV. Because of the toxin’s location within the OMV, the vesicle is 
trafficked to the host cell in a process that is independent of its receptor, GM1. 
Our current work now aims to identify the key molecules on the surface of the 
OMV and host cell that facilitate binding and internalization of the vesicle.  

COLL 98 

Adhesion and viscoelasticity of living tissues: The live cell monolayer 
rheometer (LCMR) 

Gerald G. Fuller, ggf@stanford.edu, Juho Pokki, Maria Merola, Ada Undieh, 
Emily Hollenbeck, Lynette Cegelski. Chem Eng, Stanford Univ, Stanford, 
California, United States 

During the last decades several techniques have been developed to 
investigate the mechanical properties of living tissues. At the cellular level, the 
experimental methods include atomic force microscopy, magnetic twisting and 
pulling cytometry, micropipette aspiration, optical particle trapping and optical 
tweezers, the two micro-plates method, and traction force microscopy. While 
these methods offer great insight, for a complete understanding of cells as a 
physical system, multiple cell approaches must also be considered. 
In this work, we present rheological measurements using a purpose-built Live 
Cell Monolayer Rheometer (LCMR) that can characterize averaged cell 
mechanics and cell adhesion. The LCMR enables the investigation of 
biologically active, confluent layers of cells in contact with extracellular 
membrane components or other surfaces. Upon shearing the layer of cells, 
direct determination of the viscoelastic response of the cells and their 
adhesive strength to bounding surfaces can be determined. 
In this presentation, the LCMR is applied to two problems: i) the adhesion of 
human bladder cells to bacteria with a particular attention paid to the role of 
biofilms and ii) the role of inflammation on the endothelial cell membrane 
stiffening. We find that the presence of curli significantly enhance adhesion of 
bacteria against bladder cells and this elevation in adhesive strength can be 
quantified. In the case of inflammation response, the instrument reports a 60% 
increase in the shear moduli of endothelial cells upon exposure to the 
signaling protein tnf-alpha. 



COLL 99 

Shake it off: Dynamics of bacterial adhesion at interfaces 

Sumedha Sharma, Yuly A. Jaimes-Lizcano, Vivek Yadav, Ryan B. McLay, 
Patrick Cirino, Megan L. Robertson, Jacinta Conrad, 
jcconrad@uh.edu. Chemical and Biomolecular Engineering, University of 
Houston, Houston, Texas, United States 

Control over adhesion of bacteria on solid and liquid interfaces underlies a 
spectrum of practical applications, ranging from preventing the formation of 
destructive biofilms on medical devices and on resource pipelines to removing 
pollutants from water. Because microscale bacteria are similar in size to 
colloidal particles, bacterial adhesion has long been studied using models for 
colloidal deposition. Many bacteria, however are active and can move, swim, 
tumble, and rotate near solid-liquid interfaces. This activity, not captured in 
models for deposition of passive colloids, must affect how bacteria deposit 
onto surfaces. Here, I will describe our recent work in which we explore the 
relationship between near-surface mobility and adhesion of bacteria to a 
variety of chemically-modified surfaces in a linear flow microchannel; engineer 
bacteria to identify surface structures that control transient mobility; and apply 
insights from the mobility studies to design responsive polymer brush surfaces 
that detach loosely adherent or mobile bacteria. 

 

COLL 100 

Mechanical and chemical properties of polymer hydrogels influence 
bacterial adhesion 

Kristopher W. Kolewe, Jessica D. Schiffman, 
schiffman@ecs.umass.edu. Chemical Engineering, University of 
Massachusetts Amherst, Amherst, Massachusetts, United States 



Biofilm-related infections are a class of notoriously difficult to treat healthcare-
associated infections that frequently develop on the surface of implanted 
medical devices. As biofilm formation is a surface-associated phenomenon, 
understanding how the intrinsic properties of materials affect bacterial 
adhesion enables the development of structure-property relationships that can 
guide the future design of infection-resistant materials. Despite lacking visual, 
auditory, and olfactory perception, bacteria still manage to sense and attach to 
surfaces. For example, bacteria can detect and differentiate the surface 
chemistry and topography of surfaces. However, the influence of the stiffness 
and thickness on bacterial-surface interactions is relatively unknown. In this 
presentation, I will discuss the effect that the fundamental material properties 
of polymer hydrogels (chemistry, stiffness, and thickness) have on bacterial 
adhesion and the surface-associated transport of bacteria. By tuning the 
mechanical properties of two chemically distinct hydrogels, poly(ethylene 
glycol) and agar, we determined that, independent of hydrogel chemistry and 
incubation time, Escherichia coli and Staphylococcus aureus attachment 
correlated positively to increasing hydrogel stiffness. To further explore the 
effect that hydrogel stiffness has on bacterial adhesion, we investigated the 
effect of hydrogel thickness, which elucidated a new depth-dependent 
component to bacterial adhesion. By decoupling the effect of stiffness and 
thickness from hydrogel chemistry, we unlocked specific structure-property 
relationships that can be tailored to control the degree of bacterial adhesion 
and subsequently biofilm formation. In the final portion of the talk, the 
development and characterization of a universal surface modification that 
repels microbes will be discussed. When viewed together, the structure-
property relationships and smart fouling-resistant zwitterionic chemistry 
developed in this work offer alternative approaches to mitigate the risk of 
bacterial infections without relying on antibiotics. 

COLL 101 

How bacteria sense surfaces to begin biofilm development, and how we 
might thwart surface sensing to prevent biofilm development 

Vernita Gordon, gordon@chaos.utexas.edu. Physics, University of Texas at 
Austin, Austin, Texas, United States 

Biofilms are communities of interacting microbes that are associated with 
resistance to antibiotics and to the immune system, and with increased 
virulence and associated damage to the host. Most chronic infections are 
caused by biofilms, which are a significant and growing public health problem. 
Biofilms often initiate when free-swimming bacteria attach to a surface, sense 



the surface, and respond by changing their gene expression to begin 
developing into a biofilm. In a recent publication (Rodesney et al, 2017 
PNAS), we have shown that an important human pathogen, Pseudomonas 
aeruginosa, senses attachment to the surface by sensing increased shear. 
Here, I will present these results and their extension to other biofilm-forming 
species and implications for a new strategy for biofilm prevention. 

COLL 102 

Transparent copper-containing coatings for inhibiting bacterial 
transmission 

KoonGee Neoh, chenkg@nus.edu.sg, Debirupa Mitra, En Tang 
Kang. National Univ of Singapore, Singapore, Singapore 

Health-care associated infections cause considerable mortality and morbidity. 
In healthcare settings, inanimate environmental surfaces act as pathogen 
reservoirs, and microorganisms are inadvertently transferred to patients via 
hands or gloves of healthcare workers. Surfaces with antimicrobial properties 
can potentially reduce the bacterial burden, and solid copper and its alloys are 
attractive candidates for this application. Copper-mediated surface killing of 
bacteria has been attributed to the release of copper ions which promote 
membrane damage and generate reactive oxygen species. However, solid 
copper is not suitable for some high-touch surfaces like instrument panels and 
monitors which have to be transparent. In our presentation, we will describe 
different strategies for modifying surfaces with transparent antibacterial 
polymer coatings with incorporated copper ions. Commercially available 
transparent polyvinyl fluoride (PVF) films served as the substrate, and the 
surfaces of these films were grafted with functional groups that can be utilized 
to immobilize copper ions. In the first method, acrylated quaternized chitosan 
(AQCS) was covalently bonded on the surface of the PVF film via UV-induced 
grafting. In the second method, the grafted AQCS layer was further modified 
with ethylenediaminetetraacetic acid (EDTA) using carbodiimide chemistry. In 
the third method, the film was coated with a polydopamine layer after 
immersion in a basic solution of dopamine. Complexation/chelation of copper 
with the surface functional groups was achieved via treatment with a copper 
salt solution. Since quaternized chitosan and EDTA are known to possess 
antibacterial property, the possibility of synergistic antibacterial action with 
copper was investigated. Depending on the preparation method and the 
bacteria, ≧99% of the bacteria in a bacteria-loaded droplet can be killed when 
placed in contact with the coated films for 60 min or longer. The advantages 
and limitations of each type of coating with regard to long term efficacy, 



cytotoxicity, transparency, ease of scale up and potential for practical 
application particularly in preventing transmission of bacteria in a healthcare 
setting will be presented. 

COLL 103 

Interaction of bacterial cells with model graphene oxide surfaces: 
insights from single-cell force spectroscopy 

Santiago Romero-Vargas Castrillon, sromerov@umn.edu. Civil, 
Environmental and Geo- Engineering, University of Minnesota, Minneapolis, 
Minnesota, United States 

Graphene oxide (GO) is a one-atom thick, two-dimensional sheet of 
hexagonally arranged carbon atoms, decorated with carboxyl, hydroxyl, and 
epoxide functional groups. GO nanosheets possess exceptional physical and 
chemical, as well as antimicrobial properties against both gram-negative and -
positive bacteria. Extensive research has been performed to explore the 
mechanisms underlying GO’s antibacterial activity. Yet, to date, a molecular-
level understanding of the interaction between bacterial cell membranes and 
GO is largely lacking. Understanding the interactions of GO nanosheets with 
bacterial cell membranes is essential for the evaluation of GO’s environmental 
impacts, and to advance graphene-based environmental applications. In this 
study, we use atomic force microscopy-based single-cell force spectroscopy 
(AFM-SCFS) to elucidate the interaction between single live bacterial cells 
and model surfaces functionalized with GO. Specifically, we quantify and 
compare the adhesive forces of a single bacterial cell onto model surfaces in 
which the spatial orientation of GO sheets (i.e., flat vs. randomly oriented) is 
varied. This investigation therefore provides insight into the influence of 
nanomaterial spatial orientation on the behavior of GO at biological interfaces. 

COLL 104 

Preparation and characterization of nanopore supported phospholipid 
bilayers for Raman microscopy detection and quantification of 
membrane-associated signaling peptides 

David Bryce2, dabryce15@gmail.com, Jay P. Kitt2, Joel M. Harris1. (1) Univ of 
Utah Chem Dept, Salt Lake City, Utah, United States (2) University of Utah, 
Salt Lake City, Utah, United States 



A wide range of important biological processes occur at phospholipid 
membranes. These processes range from mediation of drug and toxin uptake 
to cell adhesion and signaling, processes that may be dramatically affected by 
membrane chemistry. Typical approaches for assessing these processes rely 
on planar supported phospholipid bilayers. Detection from a single bilayer of 
phospholipids is difficult due to the small number of molecules that can be 
probed, often requiring substrates that produce surface enhancement or 
labeling with fluorescent molecules. Here we report on the preparation, 
structure, and application of supported phospholipid bilayers in high surface 
area chromatographic silica particles. Supported lipid bilayers assembled on 
the pore walls of chromatographic silica particles provide within-particle lipid 
and analyte concentrations easily detected by confocal Raman microscopy. 
To illustrate the utility of these substrates, nanopore-supported bilayers were 
used to quantify bilayer associated Glucagon-like peptide 1 (GLP), an insulin 
response signaling peptide. Membrane-associated GLP can be quantified 
using the Raman signal from the deposited phospholipid as an internal 
standard, and concentration-dependent peptide coverages can be used to 
determine the equilibrium distance for GLP association with the supported 
bilayer. This equilibrium constant can be compared to binding constants on 
planar supported bilayers measured on glass by single molecule 
fluorescence. Beyond simple detection and quantification of membrane 
associated peptide, the environment sensitivity of both peptide and 
phospholipid Raman modes can provide structural information about peptide 
conformation, as well as the impact of peptide binding on the acyl chain 
structure of the supported bilayer, leading to insight about the mechanism of 
peptide bilayer interaction. 

COLL 105 

Quantifying the electrostatics of polycation–lipid bilayer interactions 

Franz Geiger, geigerf@chem.northwestern.edu. Dept of Chem Tech KG G6, 
Northwestern University, Evanston, Illinois, United States 

Mechanistic insight into how polycations disrupt and cross cell membranes is 
needed for understanding and controlling polycation–membrane interactions, 
yet such information is surprisingly difficult to obtain at the molecular level. We 
use second harmonic and vibrational sum frequency generation 
spectroscopies along with quartz crystal microbalance with dissipation 
monitoring and computer simulations to quantify the interaction of 
poly(allylamine) hydrochloride (PAH) and its monomeric precursor allylamine 
hydrochloride (AH) with lipid bilayers. We find PAH adsorption to be reversible 



and nondisruptive to the bilayer under the conditions of our experiments. With 
an observed free adsorption energy of −52.7 ± 0.6 kJ/mol, PAH adsorption 
was found to be surprisingly less favorable relative to AH (−14.6 ± 0.4 kJ/mol) 
when considering a simple additive model. By experimentally quantifying the 
number of adsorbates and the average amount of charge carried by each 
adsorbate, we find that the PAH is associated with only 70% of the positive 
charges it could hold while the AH remains mostly charged while attached to 
the membrane. Simulations indicate that PAH pulls in condensed counterions 
from solution to avoid charge-repulsion along its backbone and with other 
PAH molecules to attach to, and completely cover, the bilayer surface. In 
addition, computations indicate that the amine groups shift their pKavalues 
due to the confined environment upon adsorption to the surface. Our results 
provide experimental constraints for theoretical calculations, which yield 
atomistic views of the structures that are formed when polycations interact 
with lipid membranes that will be important for predicting polycation-
membrane interactions. 

COLL 106 

Exploring cellular mechanosensitivity using cell surface-mimicking 
substrates 

Christoph Naumann, canauman@iupui.edu, Kent Shilts. Indiana Purdue 
Univ, Indianapolis, Indiana, United States 

It is now well established that external mechanical signals may have a 
profound influence on fate and function of anchorage-dependent cells. While 
cellular mechanosensitivity in an extracellular environment has been widely 
studied using linker-functionalized polymeric gels of adjustable stiffness, less 
is known how cells respond to mechanical cues from neighboring cells. 
Previously, we introduced polymer-tethered lipid bilayers as a cell surface-
mimicking platform for the analysis of cellular mechanosensitivity. A hallmark 
of these membrane architectures is the presence of polymer-tethered lipids in 
the bottom leaflet of the bilayer, enabling the free diffusion of individual linker 
molecules, but hindering the lateral movement of linker clusters underneath 
cellular adhesions of plated cells. This allows cells to spread and migrate on 
linker-functionalized polymer-tethered lipid bilayers. Notably, the linker-
functionalized polymer-tethered lipid bilayer better replicates the rich long-
range dynamics of cell-cell linkages than a traditional polymer gel substrate, 
illustrating its suitability as cell surface mimetic. Polymer-tethered membrane 
substrates also enable studies of cellular mechanosensitiy. Three 
complementary strategies will be discussed, which can be employed for such 



studies. They include: (i) a single polymer-tethered lipid bilayer of varying 
tether concentration; (ii) a polymer-tethered multi bilayer of different degree of 
stacking; and (iii) a polymer gel-tethered lipid bilayer of different gel stiffness. 
Results of cellular mechanosensitivity of fibroblasts and myoblasts are 
presented. 

COLL 107 

Charge switch regulating structures and dynamics of lipid membrane 

Myung Chul Choi, mcchoi@kaist.ac.kr. Dept of Bio and Brain Engineering, 
KAIST, Daejeon, Korea (the Republic of) 

This talk will start with our recent finding on charge switch triggering out-of-
plane alignment and in-plane growth of ordered domain in lipid multilayer by 
using synchrotron X-ray reflectivity and fluorescence microscopy. Second, the 
osmotic second virial coefficient (~excluded volume) of charged lipid vesicles 
by optical confinement will be presented. Third part will deal with engineering 
millimeter-scale stable freestanding lipid membrane by droplet-plane-
interface-bilayer (DPIB) method with the addition of W/O emulsion stabilizer. 
Further, the fluorescence recovery after merging (FRAM) and fluorescence 
correlation spectroscopy (FCS) study probing diffusion on lipid membrane will 
be presented. 

COLL 108 

Smart polymersomes as structural analogues of eukaryotic cells: From 
membrane asymmetry to compartmentalization 

Ariane Peyret2, Louis Beaute2,3, Emmanuel Ibarboure2, Olivier Sandre1, JF Le 
Meins2, Nathan D. McClenaghan3, Sebastien Lecommandoux2, 
lecommandoux@enscbp.fr. (1) LCPO Univ. Bordeaux / CNRS, PESSAC, 
France (2) LCPO-ENSCPB, University of Bordeaux, Pessac, France (3) 
Institut des Sciences Moléculaires, University of Bordeaux / CNRS, Talence, 
France 

Polymersomes are robust self-assembled vesicular structures that are widely 
employed in a variety of domains from nanomedicine to artificial cell design. 
Control over their membrane diffusion properties and structural integrity is 
crucial for their future development, especially as artificial cell models. 
Compartmentalization in eukaryotic cells is a crucial feature that allows 
separation and protection of species as well as simultaneous different 



enzymatic reactions to take place independently in a confined space with high 
spatio-temporal control. A number of techniques have been developed to 
afford structural analogues of eukaryotic cells, namely multi-compartment 
systems, such as double-emulsion, layer-by-layer assembly, micro-fluidics or 
phase transfer of emulsion droplets over an interface. Liposomes in liposomes 
are the first compartmentalized systems that appeared in the literature from 
the initial contribution of Zasadzinski. More recently, polymeric vesosomes 
(polymersomes in polymersomes) were developed, especially in our group, 
and used as scaffolds for cascade enzymatic reactions. These complex 
systems both mimic the structural and functional characteristics of the 
eukaryotic cell and thus provide a simplified biomimetic model that can serve 
as a tool for the understanding and the study of the cell properties. 
The mixing of different biomaterials (i.e. lipids and polymers) is a new 
attractive orientation that widens the use of vesicular carrier platforms for cell 
mimicry. Our recent developments concerning the design of multi-
compartment cell-like systems composed of nano-sized liposomes or 
polymersomes entrapped in the lumen of giant polymersomes will be 
presented. We demonstrate that we can achieve controlled release of species 
in time and space by selectively bursting polymersomes with high specificity 
and temporal precision and consequently, deliver small-encapsulated vesicles 
(polymersomes or liposomes). The formation of asymmetric membranes, 
resulting from the combined assembly of a lipidic and polymer layers, and the 
study of their dynamic and diffusion properties will also be presented. 

COLL 109 

Coupling of lipid membrane elasticity and dynamics 

Yi-Fan Chen, yifanchen@ncu.edu.tw. Chemical and Materials Engineering, 
National Central University, Taoyuan, Taiwan 

Biomembranes exhibit liquid and solid features concomitantly with their in-
plane fluidity and elasticity tightly regulated by cells. Whether the two features 
are correlated and co-regulated is a question of fundamental importance and 
with broad implications. Here, through electron spin resonance and analyses 
on the experimental data in literature, we examine the composition 
dependence of the in-plane dynamics and elastic properties of lipid 
membranes. The results support the existence of the dynamics-elasticity 
correlations for lipid membranes, and the correlations can be explained with a 
mechanism involving lipid molecular packing densities. This study thereby 
unifies, at the molecular level, the aspects of the continuum mechanics long 
used to model the two membrane features. We raise the possibility that the 



known cellular regulations on membrane fluidity and elasticity are merely two 
manifestations of the membrane homeostasis that regulates the molecular 
packing densities; and fluctuations in membrane packing densities may be 
responsible for the known dynamic, elastic, and functional couplings of lipids 
and proteins. The understanding delineates a unified perspective on the 
cellular processes involving biomembranes. 

COLL 110 

Antioxidant implication of the physical presence of vitamin E in lipid 
membranes 

Mitchell DiPasquale, Michael Nguyen, Drew Marquardt, 
drew.marquardt@uwindsor.ca. Chemistry and Biochemistry, University of 
Windsor, Windsor, Ontario, Canada 

Despite almost 90 years of study the physiological role of vitamin E is still 
muddied by controversy. Research, both fundamental and clinical, has 
generated conflicting and contradictory results throughout literature. 
Deficiency in α-tocopherol (aToc), the physiological relevant form of vitamin E, 
has been show to lead to a multitude of conditions including infertility and 
neuromuscular dysfunctions. Many theories have been brought forward 
regarding the biological function of vitamin E, these include its being a ligand 
for some unknown receptor, and an antioxidant. Recent investigations present 
evidence of an antioxidant mechanism for vitamin E that correlates strongly 
with its physical location in a model lipid bilayer. 
The proposed mechanism addresses the position of aToc in the membrane, 
how aToc partitions between lipids is lacking. Although assertions have been 
made, to the best of our knowledge, no direct experimental evidence exists on 
this topic. We have begun testing the partitioning of aToc into different lipid 
species and antioxidant hypothesis is reinforced. The data suggest that aToc 
preferentially resides in disordered membrane systems; those typically 
susceptible to oxidation. Initial experiments have observed aToc partitioning 
into fluid (disordered) membranes from ordered gel phase membranes. 
We bring our models closer to biological membranes by investigating aToc in 
membrane “rafts”. Lipid-only domains are well-established mimetic systems 
for membrane “rafts”, enabling the study of their physical properties under 
strictly controlled conditions. We will apply a variety of experimental 
techniques to study the influence and partitioning of aToc into membrane “raft” 
compositions (coexisting liquid-ordered (Lo) and liquid disordered (Ld) 
phases). Preliminary investigations on lipid “raft” forming systems have shown 
that the introduction of aToc to the membrane increases the amount of the 



liquid ordered phase. This behaviour is characteristic of aToc driving 
cholesterol from the disordered phase, furthering demonstrating aToc 
preferentially partitioning into the oxygen sensitive disordered environments. 
These insights will help answer the question ‘‘does vitamin E partition into lipid 
domains which are appropriate for an antioxidant function?’’ 

COLL 111 

Enhancing the thermoelectric properties of molecular junctions 

Nicolas Agrait1,2, nicolas.agrait@uam.es. (1) Condensed Matter Physics, 
Universidad Autonoma de Madrid, Madrid, Madrid, Spain (2) IMDEA-
Nanoscience, Madrid, Spain 

Molecular junctions are promising candidates to achieve high thermoelectric 
coefficients due to the discreteness of the energy levels responsible for 
transport and the tunability of their properties via chemical synthesis. 
However, useful thermoelectric devices require not only high Seebeck 
coefficient but also high electrical conductance and low thermal conductance. 
I will discuss the strategies to enhance thermoelectricity in molecular junctions 
and present our recent results on various molecular systems explored using 
scanning probe techniques. 

 
Engineering the thermopower of fullerene junctions 
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Gating of junction conductance by charge transfer complex formation in 
single molecule devices 



Andrea Vezzoli3, Kun Wang2, Iain Grace1, Richard Nichols3, Colin J. Lambert1, 
Bingqian Xu2, Simon J. Higgins3, shiggins@liverpool.ac.uk. (1) Lancaster 
University, Lancaster, United Kingdom (2) Coll of Engr Chemistry, University 
of Georgia, Athens, Georgia, United States (3) Dept of Chem, University of 
Liverpool, Liverpool, United Kingdom 

Single molecule junctions are of interest for the insights they can provide into 
fundamental aspects of charge transfer across molecules down to the single 
molecule level. Some charge transfer materials (e.g. the well-known 
tetrathiafulvalene:tetracyanoquinodimethane, TTF:TCNQ) have high electrical 
conductivity in the solid state as a result of the formation of delocalised charge 
carriers along the stacks of partially-oxidised TTF molecules and partially-
reduced TCNQ molecules. We have shown that at the single molecule level, 
for donor molecules with the appropriate structure (e.g. 1 and 2; structures 
below), the formation of a charge transfer complex with the acceptor 
tetracyanoethene (TCNE) can significantly boost the electrical conductance of 
metal | molecule | metal junctions. However, in contrast to the collective 
nature of the charge carriers in materials like TTF:TCNQ, this conductance 
boost arises as a result of a new resonance in the transmission function, close 
to the metal contact Fermi energy, that is a signal of room-temperature 
quantum interference. 
More recently, we have examined in detail the effects of varying the alkyl 
chain length (n) in molecules 1, the strength of the acceptor (e.g. TCNE, 
TCNQ, dichlorodicyanoquinone DDQ and others), the identity of the donor (1–
5) and the contact group on the size of the conductance boost observed. The 
higher the initial conductance of the molecule itself, the smaller is the factor by 
which the conductance is increased by complex formation with TCNE. On 
varying the acceptor, in general a larger equilibrium constant for complex 
formation leads to a bigger conductance boost. Density functional theory 
(DFT) combined with non-equilibrium Green’s function (NEGF) calculations 
suggest that pinning of the Fano resonance near the contact Fermi energy 
can rationalize most of our observations. 
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Quantum interference effects in the charge transport through single-
molecule junctions 

Wenjing Hong, whong@xmu.edu.cn. College of Chemistry and Chemical 
Engineering, Xiamen University, Xiamen, China 

Quantum interference effects (QIE) have become an emerging area in single-
molecule charge transport investigation, which represents unique quantum 
effects with an opportunity for fine tuning the charge transport through 
molecular building blocks by constructive or destructive quantum interference 
effects. 
 
During the past six years, we carried out a series of single-molecule 
conductance measurements to investigate the quantum interference effects in 
the charge transport through various types of molecular junctions at room 
temperature. Benefiting from the high current sensitivity up to fA level, we 
obtained the conductance of a cross-conjugated anthraquinone using 
mechanically controllable break junction (MCBJ) technique, which is 
considered as the first experimental observation of destructive QIE at single-
molecule scale by Prof. Mark Ratner. And then we carried out the systematic 
experimental investigation of QIE from single benzene ring to four- membered 
and six-membered graphene-like polycyclic aromatic hydrocarbon molecules 
with different connectivities. The destructive QIE were also found in the 
central pyridine ring while the different position of heteroatom in hydrocarbon 
ring, which leads to the 
gating of quantum interefernce. One of our recent studies suggested that the 
destructive QIE appeared in the novel metalla-aromatic system with metal 
atom involved in the conjugation. 
 
Beyond the detection, the fine tuning of destructive QIE will be the next crucial 
step for the utilizations of QIE in molecular materials and devices. It is found 
that the QIE could be tuned via the protonation of the azulene core, and 
electrochemical gating offered possibility of switching anthraquinone between 
oxidized state with destructive QIE and the reduced one without destructive 
QIE. Recently, our studies suggested that photo illumination and heating also 
provide the access to manipulate the destructive QIE of dihydroazulene 
molecules. More importantly, the distingusihable conductance different from 
QIE offer the opportunity to detect the reaction kinetics at the single-moleule 
scale. 
 



As a perspective, the molecules with destructive QIE are expected to have 
high Seebeck coefficient with promising applications for thermoelectric 
devices, which suggests that the QIE are leading to the unique application in 
the future design and fabrication of molecular materials and devices. 
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Metal complexes for molecular electronics and Moore 

Paul J. Low, paul.low@uwa.edu.au. School of Molecular Sciences, University 
of Western Australia, Crawley, Western Australia, Australia 

This presentation will summarise recent work concerning the design and 
synthesis of metal complexes able to serve the roles of molecular wires and 
transistors. The behaviour of metal complexes within STM-based break-
junctions will be described, with interpretations supported by computational 
models. Issues of particular interest will include the surface binding groups, 
the design of ‘insulated’ molecular wires, and the ‘gated’ response of single 
molecule junctions. With a look ahead to the construction of molecular-based 
electronic devices, we will also turn attention to the challenges of assembling 
a ‘top electrode’ onto a monolayer film of active molecular components. 

 
 
A schematic of a molecular junction derived from a platinum bis(acetylide) complex 
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Reduced length-dependent conductance decay in polymethine 
molecular wires 



Suman Gunasekaran2, suman.gunasekaran@columbia.edu, Iryna 
Davydenko4, Daniel Hernangomez-Perez5, Ferdinand Evers5, Seth R. 
Marder3, Latha Venkataraman1. (1) APAM, Columbia University, New York, 
New York, United States (2) Chemistry, Columbia University, New York, New 
York, United States (3) Georgia Inst of Technology, Atlanta, Georgia, United 
States (4) Chemistry and Biochemistry, Georgia Institute of Technology, 
Atlanta, Georgia, United States (5) Theoretical Physics, University of 
Regensburg, Regensburg, Germany 

Polymethine dyes, compounds comprising an odd number of sp2 hybridized 
atoms, represent a unique class of linear conjugated organic molecules 
complementary to polyenes. While the electron transport properties of the 
latter have been studied extensively, little has been reported on transport in 
polymethine systems. Herein, we report scanning tunneling microscope based 
break-junction measurements on a series of three cyanine dyes of increasing 
length. In 1,2,4 trichlorobenzene solvent, we observed a substantially smaller 
decay in conductance with length (β = 0.14 Å-1) compared to conventional 
polyene wires (β = 0.22 Å-1). Using first principles DFT-based calculations, we 
attribute the lower decay of conductance to the minimal bond length 
alternation present in cyanine. Furthermore, by changing solvent we are able 
shift the β value from slightly positive in trichlorobenzene to near zero in 1-
nonanol to negative in propylene carbonate. These changes in β are due to 
solvent-induced changes in the level alignment between the frontier orbitals 
and the Fermi energy of the leads. Our results highlight the effect of bond 
length alternation on molecular conduction, which may inform the design of 
novel molecular wires, enabling efficient electron transport at the nanoscale.  
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Room-temperature current blockade in atomically defined single-cluster 
junctions 

Xavier Roy3, xr2114@columbia.edu, Latha Venkataraman1, Bonnie Choi2, 
Giacomo Lovat4. (1) APAM, Columbia University, New York, New York, United 
States (2) Chemistry, Columbia University, NY, New York, United States (3) 
Department of Chemistry, Columbia University, New York, New York, United 
States 

The design of nanoscale devices that combine multiple well-separated 
conductance states, room temperature operation, reproducible transport 
characteristics, and ease of implementation has been a key objective in the 
field of molecular electronics. In practice, the creation of such a functional 



device has proved to be a challenge. In this presentation, I will describe a 
molecular single-electron transistor that meets these requirements. We 
assemble each device by wiring different redox-active, atomically precise 
metal chalcogenide clusters between two nanoscopic electrodes using 
molecular connectors. We observe Coulomb blockade-like behavior at room 
temperature in thousands of single-cluster junctions, a consequence of the 
atomic precision, the small size, and the weak electronic coupling of the 
system. Below a threshold voltage, charge transfer across the junction is 
suppressed. The device is turned on when the temporary occupation of the 
core states by a transiting carrier is energetically enabled, resulting in a 
sequential tunneling process and an increase in current by a factor of ~600. 
These results provide a clear path to creating tunable single-electron 
transistors that function at room temperature through rational chemical design. 
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Dual control of chemical equilibria through pH and potential in single-
molecule devices 

Richard Brooke2, Doug Szumski2, Andrea Vezzoli3, Simon J. Higgins4, 
Richard Nichols1, Walther Schwarzacher2, 
w.schwarzacher@bristol.ac.uk. (1) Liverpool University, Liverpool, United 
Kingdom (2) H H Wills Physics Laboratory, University of Bristol, Bristol, United 
Kingdom (3) Chemistry, University of Liverpool, Liverpool, United Kingdom (4) 
Dept of Chem, University of Liverpool, Liverpool, United Kingdom 

Single molecule junctions are of interest for the insight they provide into 
fundamental attributes of molecular interfaces, such as the alignment between 
the molecular frontier orbitals and the energy levels of the contact electrodes. 
They can also provide information on chemical and electrochemical reactions 
at the single molecule level. We have used transport measurements to study 
the protonation of Ni - 4,4’-vinylenedipyridine (44VDP) -Ni single-molecule 
junctions as a function of the applied potential and pH. We use a scanning 
tunnelling microscope break junction (STM-BJ) apparatus operating under 
electrochemical control. All measurements are carried out at potentials at 
which the Ni STM tip and substrate are oxide-free. 
The conductance of the Ni – 44VDP – Ni junctions shows a transition from 
approximately 10-3 G0 to 10-4 G0 (where G0 is the conductance 
quantum) either as the Ni contact electrodes are made more negative or as 
the solution pH is reduced. Careful analysis shows that the low conductance 
peak can take on two values, with the lower value being reached at the most 
negative potentials and lowest pH values. We attribute the high and two low 



conductance values to unprototonated, singly-protonated and doubly-
protonated VDP respectively. Quantitative analysis of the conductance 
transition further enables us to extract a plausible value for the charge 
transferred from the singly-protonated molecule to the Ni electrode 
(0.21±0.06 e). 
This is a rare example of a single-molecule junction being formed with a 
charged contact group. The Ni – 44VDP – Ni system is also remarkable 
because in some traces it is possible to observe the protonation and de-
protonation of a single molecule in real time via the associated conductance 
changes. Furthermore, the Ni – 44VDP – Ni junction is a true 3-terminal pH 
sensing device as it switches conductance at a value of the pH which can be 
tuned electrically. This means that unlike previous single-molecule sensors, it 
not only responds to an external stimulus, but is capable, in principle, of 
measuring its level. 
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Mechanical stretching-induced electron transfer reactions and 
conductance switching in single molecules 

NJ Tao1, nongjitan.tao@asu.edu, Yueqi Li1, Naomi Haworth2, Limin Xiang1, 
Simone Ciampi3, Michelle Coote4. (1) Arizona State University, Tempe, 
Arizona, United States (2) Australian National University, Canberra, Australian 
Capital Territory, Australia (3) Curtin University, Bentley, Western Australia, 
Australia 

A central idea in electron transfer theories is the coupling of the electronic 
state of a molecule to its structure. Previous studies used mechanical forces 
to induce structural and chemical changes in large biological molecules, but 
mechanically control of the electron transfer reaction of a small molecule 
without bond rupture, and determining the relationship between force and 
distribution of redox equilibria have not been reported. Here we show 
experimentally that fine changes to molecular structures by mechanically 
stretching a single metal complex molecule via changing the metal-ligand 
bond length can shift its electronic energy levels and predictably guide 
electron transfer reactions, leading to the changes in redox state. We monitor 
the redox state of the molecule by tracking its characteristic conductance, 
determine the shift in the redox potential due to mechanical stretching of the 
metal-ligand bond, and perform model calculations to provide insights into the 
observations. The work demonstrates that a mechanical force can prompt the 
molecule into a geometry that favors the electron transfer reaction, shift its 
redox potential, change its redox state, and thus allow the manipulation of 



single molecule conductance. This observation reveals experimentally the role 
of electronic-nuclear coupling in the electron transfer reactions at the single 
molecule level, and its potential application in mechanically controllable 
molecular switches. 
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Design and assembly of coupled multicomponent nanocrystal 
superlattices and quasicrystalline assemblies and superparticles 

Christopher B. Murray1,2, cbmurray@sas.upenn.edu, Yaoting Wu1, Zixuan 
Li2, Katherine Elbert1, Davit Jishkariani1, Mingliang Zhang3, Cherie R. 
Kagan3,2, Stan Najmr1, Da Wang4. (1) Chemistry, University of Pennsylvania, 
Philadelphia, Pennsylvania, United States (2) Materials Science and 
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United 
States (3) Electrical and Systems Engineering, University of Pennsylvania, 
Philadelphia, Pennsylvania, United States (4) Debye Institute for 
Nanomaterials Science, Utrecht University, Utrecht, Netherlands 

Studies of the preparation and properties of colloidal crystals comprised of 
nanocrystals (NCs) of controlled composition, size, shape, and surface 
functionalization provides insight into the fundamental organization of matter 
on multiple lengths scales. In this talk, we will share progress in the 
preparation of extended 3D periodic superlattice films and discuss the design 
rules that direct the formation of quasicrystalline systems. These NC 
assemblies offer novel platforms exploration of the cross-coupling of physical 
properties as the quantum confined electronic states of semiconductor NCs 
interact with the plasmonic resonances of co-assembled noble metals and 
with nanomagnets, leading to hybrid properties on the mesoscale. To date, 
the programming of NC assemblies (extended lattices and discrete 
superparticles) has largely leveraged control of NC size and shape in 
combination with relatively simple surface functionalization by surfactants for 
close NC coupling and has leveraged DNA and polymers for larger NC 
spacings. The design of ligands and surface passivation can direct the 
organization and optimize the interaction between NCs and impart 
patchy/direction functionalization is of particular interest. We will share our 
efforts design surface ligands using a wider range of supermolecular 
chemistry and develop dendrimer-based stabilizers. These dendrimer / NC 
hybrids allow precise geometric and chemical control of the superlattice 
assembly symmetry and lattice spacing that govern NC interactions. 
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Large-scale assembly of 2-D honeycomb semiconductor superlattices 
and their incorporation in opto-electronic devices 

Daniel Vanmaekelbergh, d.vanmaekelbergh@uu.nl, Joep Peters, Sophia 
Buhbut-Sinai, Maryam Alimoradi Jazi, Guiseppe Soligno, Jaco 
Geuchies. Chemistry, University of Utrecht, Utrecht, Netherlands 

In 2-D systems, it is possible to superimpose an additional periodicity on the 
nanoscale that can deeply influence the bandstructure. For instance, when a 
2-D semiconductor crystal is molded in a honeycomb geometry with a 
periodicity on the 5 - 50 nm scale, the band gap of the semiconductor remains 
comparable to that of a quantum well, but the highest valence and lowest 
conduction bands show a LINEAR (instead of quadratic) relation to the carrier 
momentum. As a consequence, such honeycomb semiconductors 
host masless electrons and holes by doping or optical excitation. 
Semiconductor crystals can be molded into a honeycomb geometry by 
bottom-up self-assembly of nanocrystals, or by top-down lithography. 
In this lecture, I will show how we could improve our interfacial self-assembly 
method using PbX (X =S, Se, Te) colloidal nanocrystals to form PbX 
honeycomb superlattices, by working in oxygen-free conditions and under 
nearly reversible conditions. The PbX rocksalt honeycomb semiconductors 
can be transformed to CdX honeycomb semiconductors by cation exchange. 
We discuss atomic and nanoscale disorder in these superlattices. We have 
incorporated 2-D NC monolayer sheets into transistors with electrolyte-gating 
and studied the electron transport characteristics. Although the electron 
mobilities of 10 cm2/Vs are promising, the mobility is still partly determined by 
disorder, and not only by scattering to lattice phonons. We also show how 
these 2-D superlattices can be incorporated in detectors for sensitive photon 
detection, and how such devices can be used for a study of the optical 
transitions and band structure. 
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In situ space- and time-resolved small angle X-ray scattering to probe 
electric field-driven assembly of nanocrystal superlattices 

Yixuan Yu1, yixuanyu@gmail.com, Christine Orme2. (1) Materials Science 
Division, Lawrence Livermore National Laboratory, Livermore, California, 
United States (2) L367, Lawrence Livermore Natl. Lab, Livermore, California, 
United States 



Ordered ensembles, also known as superlattices, have been formed with a 
large variety of nanocrystals. The structure of nanocrystal superlattices have 
been extensively studied and well documented, their assembly process, 
however, is poorly understood. In this work, we demonstrate a in situ space-
/time-resolved small angle X-ray scattering (SAXS) measurement and use it to 
probe the assembly of silver (Ag) nanocrystal superlattices driven by electric 
fields in an enclosed environment. By measuring volume fraction of 
nanocrystal solution at various location and time, we show that the electric 
field drives Ag nanocrystals to migrate to the anode, leading to a rapid 
accumulation of nanocrystals that assemble into highly ordered superlattices 
within several minutes. Our data indicate that a stronger field drives 
nanocrystal to migrate at a faster velocity and higher flux, which in turn causes 
the superlattices to nucleate at a higher density. 

 
In situ space-/time-resolved small angle X-ray scattering 
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Nanomanufacturing by self-assembly 

Nicholas Kotov, kotov@umich.edu. University of Michigan, Ann Arbor, 
Michigan, United States 

Nanometer scale particle of inorganic materials enable scalable 
manufacturing of materials and devices using self-assembly. The past, current 
and the likely future directions of (nano)manufacturing taking advantage of 
self-assembly will be discussed.  
 



Self-organization as a physico-chemical phenomenon originates from (a) 
Brownian mobility; (b) intrinsic anisotropy; and (c) charge transport 
functionalities characteristic of nanoscale building blocks from metals and 
semiconductors. It is intrinsic of nanoscale state of matter and unifies both 
biological and abiological nanostructures including inorganic nanoparticles. As 
one of the examples from the past and current self-assembly proceces utilized 
in industry is formation of nanocomposites with ordered layered architectures 
from graphene, its oxides, ceramics, and other materials forming 
nanoplatelets using layer-by-layer assembly (LBL) provide vivid examples of 
self-organization that led to marked technological advancements. Self-
assembly of anisotropic platelet-like nanoparticles of clay and graphene afford 
large scale manufacturing of high performance composites for different 
applications. 
 
Recent findings show that engineering of the interparticle forces between 
nanoparticles make possible self-organization into complex superstructures 
without templates of pattern-guiding biological ligands of high molecular 
weight. Remarkably, their geometrical and functional complexity can rival 
those found in biology which reflects the biomimetic behavior of nanoscale 
inorganic matter. The new opportunities in nano-manufacturing based on the 
complex self-assembled nanostructures will be demonstrated using chiral 
nanomaterials that can lead to new optoelectronic devices.  
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In-situ scattering techniques to study synthesis and crystallization 
processes of colloidal nanocrystals 

Matteo Cargnello2, mcargnello@gmail.com, Liheng Wu1, Jian Qin3, 
Christopher Tassone1. (1) SSRL, SLAC National Accelerator Laboratory, 
Menlo Park, California, United States (2) Chemical Engineering, Stanford 
University, Stanford, California, United States 

The synthesis of precise nanomaterials is crucial to both advance 
fundamental knowledge and to fully exploit their peculiar properties. Basic 
studies on the synthesis of colloidal materials are needed in order to improve 
current methods for making these precise building blocks. In this talk, recent 
results on the use of in-situ scattering techniques to study these processes 
will be presented. Novel insights into the role of surfactants and reaction 
conditions for the growth of precise metallic nanocrystals will be provided. 
Furthermore, the discovery of crystallization processes occurring during the 
synthesis process will be discussed, with the opportunity to engineer not only 



the structure of individual nanocrystals, but also to extend this control to self-
assembled materials such as superlattices. This increased knowledge, 
corroborated by thermodynamic models, is utilized to tune and control the size 
and composition of colloidal nanocrystals, which are important parameters in 
their applications in many areas, for example in catalysis. 
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Tracking micelle growth during polymerization-induced self-assembly 
with liquid cell transmission electron microscopy 

Mollie A. Touve1, mtouve@u.northwestern.edu, Charles A. Figg2, Daniel 
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of Industrial and Manufacturing Engineering, Florida State University, 
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United States 

Polymers can be designed to produce nanoscale architectures with targeted 
morphologies. However, the mechanisms behind polymer self-assembly into 
nanostructures and their subsequent morphological progressions are unclear. 
We demonstrate that Liquid Cell Transmission Electron Microscopy (LC-TEM) 
can be utilized to directly visualize the self-assembly of amphiphilic polymers 
into spherical micelles at high resolution in real time. Polymerization-induced 
self-assembly (PISA), a one-pot synthetic strategy for producing polymeric 
nanomaterials with targeted morphologies, was explored as a proof-of-
concept system. We demonstrate that with automated LC-TEM sample 
preparation and by analyzing LC-TEM data with multi-object tracking 
algorithms, the self-assembly of amphiphilic polymers may be captured in real 
time. 
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Improved synthetic efficiency and greener preparation of gold nanorods 

John W. Stone, jstone@georgiasouthern.edu. Chemistry, Georgia Southern 
University, Statesboro, Georgia, United States 



Gold nanoparticles having a rod-like morphology are regularly investigated as 
potential nano-therapeutic materials owing to their interesting optical 
properties, facile surface modification, tunable aspect ratios, and low 
cytotoxicity. Gold nanorods are historically prepared starting from HAuCl4 in 
the presence of ascorbic acid, silver nitrate, and the growth directing 
surfactant, cetyltrimethylammonium bromide (CTAB). While this synthetic 
approach is effective, there are several inherent problems, two of which we 
have investigated. First, only about 15% of the starting gold is converted into 
gold nanorods and second, CTAB is known to be cytotoxic. Over the last few 
years, our group has worked to improve upon both of these issues. Through a 
novel re-seeding approach we achieved a nearly 75% conversion of gold into 
nanorods and in a separate study showed that the less toxic, alternative 
surfactant dodecylethyldimethylammonium bromide (C12EDMAB) can be used 
in place of CTAB for nanorod growth.  
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Utilization of colloidal plasmonic metal nanoparticles for understanding 
polymer chemistry 

Guoliang (Greg) Liu, gliu1@vt.edu. Department of Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States 

In this presentation, we will present our recent progress on the utilization of 
plasmonic nanoparticles in the field of polymer sensing. Currently the 
synthesis of plasmonic nanoparticles for sensing mostly focuses on the shape 
because it is believed that nanoparticles with sharp tips provide higher 
sensitivities than those without. Herein, by measuring and analyzing the 
sensitivities of more than 74 types of nanoparticles of various shapes, sizes, 
and compositions, we found that, contrary to this common belief, the 
correlation between shape and sensitivity is much weaker than that between 
aspect ratio and sensitivity. Among all the parameters investigated here 
including size, shape, composition, aspect ratio, cross-sectional area, and 
initial plasmonic resonance frequency, the aspect ratio is the key parameter 
that controls the nanoparticle sensitivity. Other parameters have much less 
influence on the nanoparticle sensitivity to refractive index changes. Based on 
this important finding, we selected Ag nanodisks as sensors to probe the 
kinetics of polymer brush formation. Unitizing the unique plasmonic properties 
of Ag nanodisks, we demonstrated in situ the three-regime kinetics of polymer 
brush grafting process, and importantly, for the first time we experimentally 
revealed the cause of a latent regime in the process of polymer brush grafting 
onto a surface. The latent regime is a period of time that polymer molecules 



stop grafting onto the surface before molecule saturation, the cause of which 
has been a long-lasting puzzle in the field of polymer brush. 
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Tribochemical nanolithography 

Graham J. Leggett, graham.leggett@sheffield.ac.uk. University of Sheffield, 
Sheffield, United Kingdom 

At high loads, the pressure exerted by an atomic force microsope (AFM) 
probe on a molecular film is sufficient to break covalent bonds. Such 
processes have been used to carry out nanolithography, but they lack 
specificity. We describe a very different process, in which an AFM probe 
under a modest load is used to selectively remove a photocleavable 
protecting group. 
Films formed by the adsorption of (methoxyheptaethylene 
glycol)nitrophenylethoxycarbonyl-protected aminopropyltriethoxysilane on 
silica are highly resistant to the adsorption of proteins, but may be patterned 
by exposure to UV light, causing removal of the protein-resistant nitrophenyl 
protecting group and its protein-resistant oligoethylene glycol adduct and 
exposing the amine. 
The same result can be achieved using an AFM probe at a load of ca. 100 nN. 
A full width at half maximum height (FWHM) of ca. 20 nm is obtained. The 
FWHM increases with load, reaching ca. 90 nm at a load of 10 mN. At larger 
loads an abrupt transition occurs to a regime dominated by mechanical 
abrasion, yielding broader features. We hypothesize that at low loads the AFM 
probe causes selective cleavage of the same C-N bond in the carbamate 
group that is cleaved during UV irradiation. The selectivity has been confirmed 
by derivatizing patterned surfaces with nitrilotriacetic acid (NTA) functional 
groups, and coupling His-tagged green fluorescent protein (GFP) to the 
surface. Confocal fluorescence microscopy confirms that the GFP attaches to 
nanolines formed in the lithographic process, but is released when the 
samples are treated with imidazole, which disrupts the interaction between 
NTA and the His tag on the protein. 
Density functional calculations suggest an explanation for the surprising 
selectivity of this process. The main energetic barrier in the photodeprotection 
scheme is the initial S0 to S1 transition. The molecular conformation was then 
constrained in an effort to model the likely deformations occurring in the 
lithographic process. In the compressed configuration the energy barrier to the 
S0 to S1 transition was found to be much reduced, so that the deprotection 
may occur at near IR wavelengths. Hence application of the AFM probe 



facilitates deprotection by exposure to low energy photons, while UV photons 
are required in the absence of a mechanical deformation. These findings 
indicate that with careful design of the resist system, a high degree of 
specificity is possible in tribochemical surface modification. 
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Interrogating force-induced reaction acceleration on bond-forming 
surface reactions 

Adam B. Braunschweig1,2, adam.braunschweig@asrc.cuny.edu. (1) 
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New York, New York, New York, United States (2) Department of Chemistry, 
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The experimental methods used to study mechanochemical reactions are only 
semi-quantitative, and therefore preclude the derivation of rate constants and 
the development of predictive models of these reactions. As a consequence, 
open questions remain related to how reaction mechanisms and potential 
energy surfaces change under compressive force, and how to determine a 
priori the relative mechanical reactivity of a molecule. The result is that the 
role of force on surface reactions remains controversial, and disagreement 
exists as to whether force can alter reaction kinetics on surfaces. Here we 
report an experimental approach for quantifying the kinetics of surface 
reactions under applied force by using massively parallel elastomeric arrays to 
push a reactive species into an appropriately functionlized surfaces. Activation 
volumes for the Husigen reaction between an azide and alkyne was 
measured, and it was found that reaction yield was dependent upon force, 
time, and monolayer chain length. Subsequently, the same method was used 
to functionalize the basal plane of graphene by force-accelerated Diels-Alder 
reactions. Force-induced bond forming reactions remain grossly unexplored, 
and a deeper understanding of the underlying mechanisms could provide new 
opportunities in coatings, sensors, and electronics. 
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Chemistry of trinuclear molybdenum compounds and impact on friction 

Aditya Jaishankar2, Andrew Konicek2, Arben Jusufi1, Alan M. Schilowitz2, 
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Engine oil is often treated with friction modifier (FM) additives which adsorb to 
metal surfaces and, in a sliding contact, form low friction boundary layers. A 
trinuclear molybdenum compound called Moly Trimer (MT), with structure 
Mo3S7 organodithiocarbamate, is widely used as a FM because it breaks 
down during surface rubbing, in a mechanochemical reaction process, to form 
low friction layers of MoS2. We show using Quartz Crystal Microbalance 
(QCM) measurements that MT is a highly surface active material with a 
relatively strong free energy of adsorption. Surface analysis techniques reveal 
that it undergoes a surface catalyzed decomposition after the rapid adsorption 
process. It eventually reduces under rubbing to a mostly continuous layer of 
MoS2 inside the lubricated contact. Under the conditions studied, about 70 
percent of the wear track area is covered with MoS2 of varying thickness.  
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Dynamic motion and energy dissipation in graphene on rough surfaces 

Meagan B. Elinski1, meagan.elinski@gmail.com, James Batteas1,2. (1) 
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Reducing wear at sliding interfaces is a universal challenge that impacts 
numerous sectors of society. To improve methods of predicting and controlling 
wear in processes that incorporate moving components, it is critical to 
understand how mechanical forces drive the chemical reactions that result in 
surface degradation. Two-dimensional (2D) materials such as graphene are 
promising surface coatings that can mitigate tribochemical reactions of the 
underlying substrate, such as oxidation processes. Graphene itself, however, 
is still prone to undergo mechanically driven reactions. Moreover, while recent 
work has explored the impact of applied load in mechanically reducing 
graphene oxide, the influence of nanoscopic surface roughness where 
contacting asperities dominate tribochemical processes has yet to be 
addressed. Nanoscopic surface roughness induces strain in graphene, which 
could ultimately alter its reactivity by changing local bond order and dictating 
how energy is dissipated through the graphene sheet. Investigating how 
energy is dissipated in this system will further the understanding of 
tribochemical reactions for the purpose of either mitigating wear or 
intentionally driving reactions. Here, the aim is to investigate the dynamic 
behavior and energy dissipation in graphene on nanoscopically rough 
surfaces. To investigate these properties of graphene on surfaces with 
controlled roughness, graphene was mechanically exfoliated onto spincoated 
films of 50 nm silica nanoparticles. Force-volume (FV) mapping in atomic 
force microscopy (AFM) was used to examine the out-of-plane fluctuations of 
graphene and the spatial distribution of adhesion and energy dissipation. 
Contact resonance-AFM (CR-AFM) was employed as a complementary AFM 
method to calculate the energy storage and loss moduli within regions of 
graphene that are partially suspended between nanoparticle apexes. Spatially 
mapping and quantifying these dynamic properties will provide a more 
detailed understanding of the propensity of graphene (and other 2D material 
lubricants) to undergo tribochemical reactions at sliding interfaces with 
nanoscale roughness. 
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Chemistry of friction, wear, and tribofilm growth on 2D materials 

Shivaranjan Raghuraman1, Meagan Elinski2, James Batteas2, Jonathan R. 
Felts1, jonathan.felts@tamu.edu. (1) Mechanical Engineering, Texas A&M 
University, College Station, Texas, United States (2) Chemistry, Texas A&M 
University, College Station, Texas, United States 

The evolution of a sliding interface between two objects is difficult to theorize, 
predict, and measure due to the complexity of the interface, which is often 
described phenomenologically. Here we utilize the nanometer-scale single-
asperity of an atomic force microscope sliding against atomically flat graphene 
and graphene oxide to study the origins of friction, wear, and tribofilm growth 
phenomena at the atomic scale. We hypothesize that all of the observed 
contact phenomena at the macroscale can be described using fundamental 
thermochemistry. To test this hypothesis, we employ a number of AFM 
techniques to explore contact mechanics over a wide range of scanning 
speeds, applied loads, tip temperatures, and applied biases. At low applied tip 
loads, the friction of graphene oxide is non-monotonic with tip velocity, initially 
increasing for speeds from 100 – 10,000 nm/s, followed by a decrease and a 
subsequent increase above 50,000 nm/s. At sufficiently high applied loads, we 
observe wear of oxygen groups from graphene oxide at temperatures 
between 50-400 °C and loads between 10-700 nN, and find an exponential 
increase in wear rate with applied load. For the case of an electrically biased 
tip oxidizing pristine graphene, the oxidation rate somewhat paradoxically 
increases with applied load, despite previously observed enhancement in 
wear rate with load. All of the above observations can be understood in the 
context of mechanically driven thermochemical reactions. The friction 
behavior depends on two competing factors—aging of the sliding contact due 
to chemical bonding between tip and substrate, and hopping of unbonded tip 
atoms between graphene lattice sites. Atomic wear of graphene oxide is well 
described by the tilted potential energy surface theory of mechanically driven 
chemistry, which predicts a non-linear reduction in the energy barrier with 
applied load. We further show that the tilted potential energy surface model 
also well describes the enhancement of oxidation rate. The work presented 
here creates a foundation for describing the mechanics of sliding contacts as 
chemical processes, and further paves the way towards quantitatively 
understanding how mechanical force drives chemical reactions in general. 
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Probing the load/strain dependent reaction of perfluorophenylazide 
(PFPA) with graphene 

James D. Batteas1, batteas@mail.chem.tamu.edu, Meagan B. Elinski2, 
Maelani Negrito2. (1) Department of Chemistry, Texas A M University, College 
Station, Texas, United States (2) Chemistry, Texas A&M University, Jackson, 
Michigan, United States 

Control of friction and wear is a ubiquitous challenge in numerous machined 
interfaces ranging from biomedical implants, to engines, to nano- and micro-
scaled devices, with the energy losses associated with friction and wear 
having significant impacts on the economies of the world. Notably, the 
combined energy losses and the associated system downtime due to friction 
and wear, contribute to an estimated loss of ~$200 billion/year in the United 
States alone. A ubiquitous challenge in many of these applications is how to 
control the wear that occurs in sliding contacts, which are dominated by the 
interactions between nanoscaled surface asperities, where the high pressures 
and shear forces that are experienced can result in increased friction and 
ultimately lead to device failure through tribochemical breakdown. Here, 2D 
nanomaterials, such as graphene, have been shown to offer potential 
solutions. However, as with all lubrication schemes, obtaining an 
atomic/molecular scale understanding of the energy dissipation and 
associated tribochemical reaction mechanisms that occur at the nanoscopic 
asperity-asperity contacts in such interfaces, is paramount for their rational 
design and implementation. It has previously been shown that nanoscopic 
surface roughness can introduce bond strain in graphene that can alter its 
local chemical reactivity, which can likely make these regions of high strain 
susceptible to tribochemical breakdown. To explore these effects in a 
systematic fashion, we have created patterned arrays of perfluorophenylazide 
(PFPA) silanes in a background of octadecyltrichlorosilane (OTS) covered by 
single layer graphene to examine how applied force by AFM influences the 
local reactivity of PFPA with the graphene surface. The design of the test 
platforms for following this reaction, along with our initial studies of the load 
dependence on the chemical reactivity of graphene with PFPA will be 
described. 
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High throughput and multi-scale quantum-mechanics /molecular-
mechanics calculations applied to lubricants 



M. Clelia Righi1,2, mcrighi@unimore.it, Paolo Restuccia1, Giulio Fatti1. (1) 
Physics, Informatics and Mathematics, University of Modena and Reggio 
Emilia, Modena, Italy (2) CNR Institute of Nanoscience, Modena, Italy 

We developed a computational protocol to calculate two intrinsic properties of 
solid interfaces, namely the work of adhesion, γ, and the interfacial shear 
strength, τ. These properties are ruled by physical/chemical interactions that 
can be very accurately described by ab initio calculations based on Density 
Functional Theory (DFT). We implemented the computational protocol as a 
software for non-specialized users, which allows obtaining the γ and τ figures 
of merits in a high throughput way. 
 
We applied for the first time to our knowledge a multiscale approach based on 
a Quantum Mechanics/Molecular Mechanics (QM/MM) to tribology. This 
scheme is very useful to study the functionality of boundary lubricants, which 
are ruled by chemical reactions occurring at the interface between two sem-
infinite solids. I will show an example based on the tribochemistry of graphene 
interacting with water, and discuss the accuracy and computational workload 
in comarison with the full QM scheme. 
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Thermodynamic basis of friction in MoS2 

Michael Chandross1, mechand@sandia.gov, Adam Hinkle1, tomas babuska2, 
John Curry1, Brandon Krick2, Michael Dugger1, Nicolas Argibay1. (1) Sandia 
National Laboratories, Albuquerque, New Mexico, United States (2) Lehigh 
University, Bethlehem, Pennsylvania, United States 

In the 90 years since the first patent was issued for molybdenum disulfide 
(MoS2) as a friction and wear reducing additive, great strides have been made 
in understanding its remarkable lubricity. However, much remains to be 
understood about the mechanisms of friction at the molecular scale. We begin 
with results of investigations into the temperature- dependent friction behavior 
of pure MoS2. In the range -150 to 250°C, we report dramatic deviations from 
previous literature, as well as the existence of transitions between thermal and 
athermal behavior as a function of temperature. Evidence of deviations from 
classical Arrhenius behavior is presented, and the implications of these 
findings discussed in the context of a thermally-activated friction model at the 
molecular scale. Friction is shown to be strongly dependent on substrate 
material composition and stress, implying a connection between stress and 
microstructure evolution in the films and substrates that is discussed. We 



discuss how these findings lead to a practical predictive friction model for 
MoS2 that includes temperature, stress, substrate effects, defect density and 
commensurability as their foundation. Defect sites, epseically in the form of 
undercoordinated Mo on the edges of larger flakes, provide locations for 
chemical reactions with environmental species, such as oxygen and water, 
which can significantly degrade performance. We present the results of 
detailed simulations that study the effcts of of these species on pure and 
defective MoS2, including the potential for enhanced reactivity of MoS2under 
applied stresses, and the ultimate effects on the tribological properties. 
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Facile surface exchanges in CdSe quantum belts 

William E. Buhro, buhro@wustl.edu, Yuewei Yao, Yang Zhou. Washington 
Univ, Saint Louis, Missouri, United States 

The surface ligation of semiconductor nanocrystals determines their optical 
and transport properties, and purposeful control of surface chemistry is under 
active investigation. Colloidal CdSe nanoribbons or quantum belts provide an 
ideal system for the study of rapid, reversible, and complete exchange of 
surface ligation at room temperature. L-type primary-amine ligation is readily 
replaced by Z-type Lewis acid ligation of type MX2 (M = Zn, Cd; X = 
carboxylate or halide). Re-exposure to primary amines removes the Z-type 
ligands and restores L-type ligation. Primary-amine ligation is readily 
converted to bound-ion-pair X-type ligation upon exposure of the quantum 
belts to acids HX (X = halide, carboxylate, or nitrate). Salts of type R4NX or 
NaX (X = carboxylate or halide) are unable to displace L-type ligation, but 
readily substitute for Z-type ligation, forming bound-ion-pair X-type ligation. 
This bound-ion-pair X-type ligation is readily exchanged to L-type ligation 
upon exposure to primary amines. The surface exchanges are characterized 
by a variety of means, and the absorption and emission spectra of the 
quantum belts are particularly sensitive to surface ligation. Such surface 
exchanges promise to optimize the properties of the nanocrystals for various 
applications. 
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Quantum dot-ligand equilibrium in purified samples 

Andrew B. Greytak, greytak@sc.edu. Dept of Chem Biochem GSRC RM 
409, University of South Carolina, Columbia, South Carolina, United States 



Many current and proposed uses of colloidal QDs depend sensitively on 
chemical reactivity or surface-mediated non-radiative decay rates, which 
depend strongly on interfacial structure. The achievement of suitable metrics 
to permit precise descriptions of QD samples is complicated by the fact that 
the surfaces of colloidal nanocrystals are subject to dynamic exchange with 
solution-phase species. We have shown that gel permeation chromatography 
(GPC) can serve as a highly repeatable method to separate QDs from small 
molecules on the basis of size. We are using these purified QDs as a 
reference point from which to study the effect of ligand association on 
quantum yield, to make quantitative measurements of ligand exchange and 
shell growth, and as a starting material in the development of robust, 
biocompatible QD fluorophores. By correlating these outcomes with analytical 
measurements of purified NCs, we hope to arrive at a set of metrics for 
colloidal QDs that allows their chemical and physical behavior to be 
abstracted from the details of earlier synthetic steps. Purification results for 
CdSe and InP QDs indicate that relatively stable carboxylate- and 
phosphonate-capped samples can be isolated with low concentrations of 
solution-phase ligands. I will discuss our results with these collodial QD 
systems and for CdSe-based core/shell nanostructures, and I will also 
describe the current state of understanding with respect to application-
oriented cases including near-infrared QDs suitable for photovoltaic and 
photodetector applications. 
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Consequences of InP quantum dot modification using fluoride 

Emily J. McLaurin1, emilymclaurin@gmail.com, Raghavender Siramdas1, 
Mohammad Sadegh Yazdanparast1, Stephanie Lee1, Cesar Aparicio1, 
Joenisse M. Rosado1,2. (1) Department of Chemistry, Kansas State University, 
Manhattan, Kansas, United States (2) Natural Science, Universidad del 
Sagrado Corazón, Toa Baja, Puerto Rico, United States 

The concepts of etching and ligand stripping are familiar to semiconductor 
nanocrystal researchers, but identification and differentiation of the two can be 
challenging. The methods we developed to synthesize and change InP NCs 
also provide a system that allows separation of the two. Using fluoride-
containing salts and ionic liquids, luminescent InP NCs can be generated, and 
through ligand stripping, particles that suspend in polar solvents are readily 
obtained. By changing reaction conditions, these polar NCs form from other 
ionic liquids, suggesting a broadly applicable method. A highly accessible 
post-synthetic etching process was discovered that can tune the 



luminescence of NCs using fluoride-containing salts. Simple combination of 
salt with the NCs generates luminescence enhancement over a period of 
hours to days. This process did not change the absorption spectrum of the 
NCs, suggesting it is not etching. Instead, etching required use of a Lewis 
acid, producing luminescent InP NCs with tunable size. Both the microwave-
assisted and post-synthetic etching processes are new, simple pathways to 
production of high quality toxic heavy metal free NCs using safer, cheaper 
materials. 
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Orthogonal chemical modification of template-synthesized 
nanostructures with oligonucleotides 

Taegon Oh1, taegon.oh@u.northwestern.edu, Jungsoo Park2, Jessie C. Ku1, 
Tuncay Ozel3, Chad A. Mirkin4,1. (1) Materials Science and Engineering, 
Northwestern University, Evanston, Illinois, United States (2) Interdisciplinary 
Biological Sciences, Northwestern University, Evanston, Illinois, United States 
(3) Chemistry, Harvard University, Cambridge, Massachusetts, United States 
(4) Chemistry, Northwestern University, Wilmette, Illinois, United States 

The ability to functionalize nanoparticles with dense layers of highly oriented 
oligonucleotides has led to their use in programmable materials assembly, 
biomedicine, especially biodetection, gene regulation, and immune 
modulation, and beyond. To date, symmetrically functionalized nanostructures 
have primarily been synthesized and investigated, but the ability to prepare 
nanoparticles asymmetrically functionalized with multiple chemical 
functionalities at particular areas of their surfaces would represent a 
significant advance. Herein, we report a template-based approach for the 
face-selective chemical modification of nanorod surfaces with 
oligonucleotides. Nanorods of different compositions (e.g., Au, Ni) and 
tailorable dimensions were electrochemically synthesized within a porous 
anodic aluminum oxide template. The surfaces of the core segments of these 
stripped nanorods were isolated from each other by the template pore walls 
(sides) and the other metal components (ends). Then, either the template or 
the sacrificial segments were chemically removed to expose the rod surfaces 
individually (ends versus sides) by taking advantage of the varying 
chemistries of the components. Onto the selectively exposed surfaces, 
oligonucleotides were immobilized and utilized for the preparation of 
asymmetric assemblies and in therapeutic applications, where single 
nanostructures were employed to carry different molecular cargos on different 
surfaces. 
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Modeling nanomaterial properties: Effects of surface chemistry and 
interfacial couplings 

Paul A. Brown1, Emvia I. Calixte2, Olga N. Samoylova3, Kevin L. Shuford2, 
Kevin_Shuford@baylor.edu. (1) Chemistry and Biochemistry, Baylor 
University, Waco, Texas, United States (2) Department of Chemistry and 
Biochemistry, Baylor University, Waco, Texas, United States (3) Biochemistry 
and Molecular Biology, University of Texas Medical Branch, Galveston, 
Texas, United States 

Material properties of nanoscale systems are often strikingly different than 
both the molecular level and macroscopic regimes. From a modeling 
perspective, one of the greatest challenges is to accurately describe systems 
of this intermediate size. In certain cases, classical approaches can be utilized 
to effectively predict and interpret a wide range of phenomena, while in others 
higher-level quantum methods must be employed to obtain a good 
description. This talk will present several modeling case studies, where both 
classical and quantum methods are used to explain optical, structural, 
electronic, and transport properties on the nanoscale. Examples include 
plasmon coupling in multicomponent metal nanoparticles, selective ion 
transport in functionalized carbon nanotubes, and band gap engineering of 
(4,8) haeckelite boron-pnictogen 2D materials. We will show how the 
conditions at the interface strongly affect the observed behavior and 
demonstrate different routes to modulate the material properties. 
Understanding, and ultimately controlling, these effects is important for new 
applications in sensing, fluidics, optoelectronics, and solar energy. 
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Approach to retard oxidation during processing of colloidal 
Ti3C2 MXenes 

Touseef Habib1, touseef@tamu.edu, Smit Alkesh Shah1, Wanmei Sun2, Evan 
Prehn3, Zeyi Tan3, Micah J. Green1, Miladin Radovic3. (1) Chemical 
Engineering, Texas A&M University, Bryan, Texas, United States (2) 
Chemical engineering, Texas A&M University, College Station, Texas, United 
States (3) Material Science, Texas A&M University , College Station, Texas, 
United States 



MXenes are a relatively new class of nanosheets and they have gained 
significant interest due to their unique chemical, dielectric and transport 
properties. Since their discovery in 2011, they have been shown to be 
promising in a wide range of applications such as batteries, supercapacitors, 
electromagnetic shielding, and water desalination. However, Ti3C2 MXenes 
are prone to oxidation, which causes them to chemically degrade to TiO2 over 
time and become impractical for desired applications. This makes processing 
of Ti3C2 MXenes difficult. In this study, we used several organic solvents to 
process Ti3C2 MXenes into a buckypaper film. We characterized oxidation by 
monitoring TiO2 content and conductivity of the processed films. We 
demonstrated that processing Ti3C2 MXenes in organic solvents leads to 
lower TiO2 content and higher conductivity compared to Ti3C2 MXenes 
processed in water. 
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Investigation of charge-based chromatographic methods for sorting 
carbon nanotube chiral forms 

Payam Rezaei1,2, bj04899@umbc.edu, Douglas Frey1,2, Lisa D. Pfefferle3. (1) 
UMBC, Baltimore, Maryland, United States (2) Chemical, Biochemical and 
Environmental Engineering, UMBC, Baltimore, Maryland, United States (3) 
Chemical and Environmental Engineering, Yale, New Haven, Connecticut, 
United States 

Single wall carbon nanotubes (SWCNT) have been heralded to be 
transformative for electronic devices; however, to date very few transformative 
commercial products have been launched. A key barrier that has hindered 
wide-scale adoption of SWCNTs is that single chirality forms are needed and 
current separation techniques are still far from providing an economical large 
scale chiral separation with reasonable purity, especially for large diameter 
SWCNTs. This is due to a variety of reasons, the most important of which is 
that these methods tend to lack sufficient “tuning” parameters which permit 
the facile sorting of large numbers of SWNT chiral forms with minimal cross 
contamination between the sorted fractions. To address this challenge, we 
employed differential surface properties of various chiral forms as a driving 
force in order to achieve chiral separation. Zeta potential measurements were 
used to demonstrate that a wide variation in SWCNT surface charge exist at a 
fixed pH. We furthermore demonstrated that this change is chiral dependent 
and due to the existence of functional groups that are introduced inadvertently 
during SWCNT synthesis. These groups give the SWCNT surface some 
degree of ionic and hydrophilic character, in addition to its main hydrophobic 



nature. In our work we not only recognized the existence of these groups, but 
we exploit their presence for chiral separations and even enhance their 
existence to develop new and more effective methods for separating 
SWCNTs. Using this approach, various chromatography methods have been 
developed, and the results obtained from these methods indicate that the 
surface charges on large diameter SWCNTs are chiral dependent and a 
strong function of pH, that pH and salt concentration (as well as the selection 
of the adsorbent base material) can be used to control the chiral-based 
SWCNT adsorption to, and the desorption from, cation exchangers, anion 
exchangers and multimodal adsorbents in a rational manner. By exploiting 
these effects, new and highly effective methods can be developed for 
fractionating SWCNT into individual chiral forms. 
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nano-FTIR: Infrared imaging and spectroscopy with 20nm spatial 
resolution 

Tobias Gokus2, tobias.gokus@neaspec.com, Philip Schäfer1. (1) neaspec 
GmbH, Martinsried, Bayern, Germany (2) Applications, neaspec GmbH, 
Martinsried, Bavaria, Germany 

Scattering-type scanning near-field optical microscopy (s-SNOM) has 
emerged as one of the key technologies to study the optical properties of 
physical, chemical and biological materials on the 20-nm length scale – far 
beyond the ubiquitous diffraction limit of light. s-SNOM combines the best of 
two worlds, the nano-scale spatial resolution of Atomic Force Microscopy 
(AFM) and the analytical power of infrared spectroscopy (nano-FTIR). It 
employs the strong confinement of infrared light at the apex of a sharp 
metallic AFM tip to create a nanoscale optical hot-spot. Analyzing the tip-
scattered light interferometrically enables the measurement of the complex 
dielectric function (absorption, reflectivity) of the sample directly below the tip 
and yields nanoscale resolved images simultaneous to topography. 
Measuring and analyzing the material specific optical near-fields that are 
confined at the surface of materials, nano-FTIR is a true surface sensitive 
optical spectroscopy technique with a probing depth of only a few tens of 
nanometers. 
nano-FTIR imaging and spectroscopy provides information regarding the local 
chemical composition, crystal structure, molecular orientation as well as local 
free-carrier concentration and conductivity for a wide range of different 
nanomaterials. Applications show analysis of the secondary structure in 
individual protein nanofibers and membranes, chemical characterization of 



embedded structural phases in biominerals and polymer blends, quantification 
of free-carrier concentration and carrier mobility in doped semiconductor 
nanowires and direct visualizing of the effect of chemical doping on the carrier 
concentration in graphene by plasmon interference mapping. 
Recently, nano-FTIR has been extended towards ultrafast experiments with 
up to 10-femtosecond temporal resolution. Carrier-relaxation dynamics in 
semiconductor nanowires, graphene, or intricate materials like vanadium 
dioxide can now directly be observed on their natural time and length-scale, 
revealing key insights into the role of surface potentials, the number of layers, 
and local strain on the electron dynamics in such materials. 
In this presentation we will introduce the basic principle of s-SNOM 
microscopy and nano-FTIR and address their impact and key applications for 
characterization for complex nanomaterials. 
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Binding of hydrogen and phenol at a Pt50 nanoparticle supported on 
graphene: Ab initio molecular dynamics simulations 

Manh Thuong Nguyen1, manhth.nguyen@gmail.com, David C. Cantu3, 
Vanda Glezakou4, Roger Rousseau2. (1) PNNL, Richland, Washington, United 
States (2) IIC, PNNL, Richland, Washington, United States (3) Pacific 
Northwest National Laboratory, Richland, Washington, United States (4) 
FCSD, Pacific Northwest National Laboratory, Richland, Washington, United 
States 

We present an ab initio molecular dynamics study on the adsorption of 
hydrogen atoms and phenol molecules on a Pt50 nanoparticle supported on a 
graphene sheet. Coverage effects on hydrogen and phenol adsorption 
energies were initially investigated. It was found that, with respect to gas 
phase H2, hydrogen adsorption energy per H atom is about -58/-48 kJ/mol 
(with/without a phenol molecule bound to Pt50) when the nanoparticle is 
covered with 25, or 50, H atoms. The hydrogen coverage effect on phenol 
adsorption is however strong. The adsorption energy of a phenol molecule on 
a Pt50 particle with bound H atoms is as large as -304 kJ/mol. Nevertheless, 
the phenol adsorption energy decreased to -136 and +11 kJ/mol on a 
Pt50 particle covered with 25 and 50 H atoms, respectively. We then looked at 
the distribution of adsorption sites of H atoms on the particles. In the system 
of 25 H atoms on Pt50, H atoms bind to Pt atoms mostly in the bridge 
adsorption sites (~74 %), then in the on-top sites (~25 %), and some in the 
hollow sites (~1%). In the system of 50 H atoms on Pt50, the population of H 
atoms in the bridge sites is ~67%, on-top sites ~30%, and hollow sites ~3%. 



Importantly, adsorbed H atoms clearly change Pt-Pt distances in the 
nanoparticle. Dynamical, geometric, electronic properties of these systems, 
and the competitive adsorption of H atoms and phenol molecules will also be 
addressed. 
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Ligand ordering phase transitions in mixed ligand shells of CdSe/CdS 
quantum dots 

Arunima Balan1, nimabalan@berkeley.edu, Jacob H. Olshansky1, Paul 
Alivisatos2. (1) Chemistry, University of California, Berkeley, Berkeley, 
California, United States (2) University of California, Berkeley, Berkeley, 
California, United States 

Colloidal quantum dots generally include a shell of organic ligands bound to 
atoms at the semiconductor surface. The ligand shell composition is tunable, 
and can impact a number of quantum dot properties, including the 
photoluminescence quantum yield, solubility, and interactions with other 
molecules or quantum dots. Understanding the structure of the ligand shell is 
therefore of interest in modulating quantum dot properties. In this work, 
CdSe/CdS quantum dots with a known ligand shell are synthesized and the 
ligand shell composition is varied by a ligand exchange and quantified via 
NMR. We investigate an apparent order/disorder transition in these mixed 
ligand shells of CdSe/CdS quantum dots via techniques including visible and 
infrared spectroscopies. We show a change in phase transition temperature 
and width as a function of ligand shell composition, which can then be related 
to models of first-order phase transitions. This study highlights the potential 
importance of ligand-ligand interactions in understanding quantum dot 
properties. 
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Role of ligand interactions in CdSe quantum dot ligand exchange 
dynamics 

Erin O'Brien, obriene@berkeley.edu, Paul Alivisatos. University of California, 
Berkeley, Berkeley, California, United States 

Colloidal nanocrystals pose unique challenges for surface characterization, 
having neither the well-defined facet exposure of a macroscopic crystal nor 
the atomic reproducibility of a molecule or magic-sized cluster. Manipulations 



of these particles frequently occur in solution, further complicating in 
situ surface characterization. In both the nanoparticle synthesis and 
subsequent functionalization the solvent plays a large role in determining 
surface equilibria and structure, which necessitates solution-phase techniques 
with surface sensitivity. We use a solution-compatible strategy for 
characterizing the binding of surface ligands to semiconductor quantum 
dots via a combination of quantitative NMR and Isothermal Titration 
Calorimetry. By probing ligand exchanges with molecules of varying binding 
groups and alkyl regions, we are able to resolve significant effects from 
solvent-ligand, surface-ligand, and ligand-ligand interactions in the surface 
dynamics of CdSe quantum dots. These effects are tracked at multiple points 
over the course of a controlled ligand exchange, and are further validated with 
Monte Carlo simulations of the reaction thermodynamics and surface state. 
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Investigating molecular interactions on silver nanostructures using 
density functional theory and surface-enhanced Raman scattering 

Leo Seballos, leola521@yahoo.com. Chemistry, The University of the South: 
Sewanee, Sewanee, Tennessee, United States 

With its tunable properties, and relatively inexpensive production cost, silver 
nanostructures are being explored in a variety of technological applications 
such as catalysis, water treatment and molecular detection. The effectiveness 
of the nanostructures in these applications depend on the ability of the 
molecules to interact with the silver. Therefore, there is a need to understand 
the behavior of molecules on the silver nanostructure surface to gain insight 
into the selectivity of these silver nanomaterials for species of interest. Here, 
we present our work elucidating the behavior of glycolic acid ethoxylate 4-tert-
butylphenyl ether on citrate stabilized silver nanostructures by analyzing its 
surface-enhanced Raman scattering (SERS) signal in conjunction with density 
functional theory (DFT) calculations, and correlated spectral fitting using a 
DFT-polarizability tensor orientation approach. The results indicate that the 
phenyl moiety of the compound demonstrates an orientation that is tilted with 
respect to the nanostructure surface which shows a hindered p-electron 
network-surface interaction between the ring and nanostructure. 
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Absolute, complex spectral measurement: Turning SFG (sum frequency 
generation) into an analytical technique 



Mary J. Shultz1, mary.shultz@tufts.edu, Patrick J. Bisson3, Joam M. 
Marmolejos4, Jing Wang2. (1) Tufts Univ, Medford, Massachusetts, United 
States (2) Tufts University, Medford, Massachusetts, United States (3) 
Chemistry, Tufts University, Medford, Massachusetts, United States (4) 
Cehmistry, Tufts University, Medford, Massachusetts, United States 

Molecular-level measurements on high vapor pressure, soft or buried 
interfaces have long been recognized as challenging. Hence, the first report of 
a sum frequency generation (SFG) vibrational spectrum from methanol by 
Shen and coworkers opened a new vista on surfaces important to biological 
systems, atmospheric processes, corrosion, colloids and much more. 
However, it was quickly realized that the inherently complex nature of the SFG 
signal made interpretation not only challenging, but also made separating 
components of a mixture nonunique. For example, determining impact on the 
orientation or interactions between molecules of a major constituent from a 
smaller concentration additive requires measurement of the complex 
amplitude response, not simply the intensity. In addition, signal from the 
smaller concentration additive is generally buried in the noise due to the 
quadratic concentration dependence. This contribution reports an 
interferometric method for direct measurement of the absolute complex 
spectrum using a recently invented nonlinear interferometer. The instrument is 
a compound interferometer consisting of an embedded linear Mach Zehnder 
interferometer that provides both active stabilization, accuracy, and 
reproducibility. The interfering nonlinear signals are generated within the 
interferometer – hence the name nonlinear interferometer. We will report 
application to several surfaces as well as the specific impact of water on the 
configuration of self-assembled silane films. 
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Fabrication of micro and nano sized metal structures on silicon and 
mica substrates: An atomic force microscope (AFM) and particle 
lithography (PL) approach 

Sasanka B. Ulapane1, sasanka87@ku.edu, Ashley K. Borkowski2,1, Monisola 
k. Okeowo1, Jennifer Totleben1, Cindy L. Berrie1. (1) Department of 
Chemistry, The University of Kansas, Lawrence, Kansas, United States (2) 
Department of Chemistry, Georgia Gwinnett College, Lawrenceville, Georgia, 
United States 

Fabrication of metal nanostructures has a wide range of applications in 
biosensing, nanoscale electronics, nanobiodevices, and optoelectronics. 
However, controlling the shape and size of such structures has been 
problematic. Here we discuss the development of multiple techniques to 
fabricate metal nanostructures using AFM and PL. The two AFM based 
techniques are employing a mask of (i) a self-assembled monolayer (SAM) 
and (ii) a metal carbonate precipitate as a resist to metal deposition over the 
surface of interest. Areas that are only nm2-μm2 are selectively removed from 
the resist with the AFM probe tip, exposing the substrate. Solution phase 
electroless silver deposition is carried out on patterned SAMs. In contrast, 
thermal evaporation of gold is conducted on patterned salt resists to form 
metal nano structures on the exposed areas of the surface. In a different 
approach, PL and organosilane vapor deposition techniques are employed to 
make regular arrays of holes on a Si (111) substrate. Resulting nanopatterns 
are exposed to electroless plating solutions, to deposit metal within the array 
of holes where the Si (111) surface is exposed. Controlled growth of metal 
structures can be used as platforms for immobilization of biomolecules to 
monitor multivalent interactions of cells and other biological systems. 

 



 
 
AFM images of a silver nanopattern made by selectively removing 
octadecyletrichlorosilane on silica and selective electroless deposition of silver. 

COLL 149 

Direct optical lithography of functional inorganic nanomaterials 

Yuanyuan Wang, wangyy.nju@gmail.com, Igor Fedin, Hao Zhang, Dmitri 
Talapin. Chemistry, University of Chicago, Chicago, Illinois, United States 

Photolithography is an important manufacturing process that relies on using 
photoresists, typically polymer formulations, that change solubility when 
illuminated with ultraviolet (UV) light. Here, we demonstrate a general 
technique we call DOLFIN, which combines multiple benefits of traditional 
photolithography and is tailored toward efficient patterning of inorganic 
nanomaterials and sol-gel chemicals without diluting or contaminating them 
with organic photoresists and other byproducts. By purposely designing 
surface ligands outside NCs with photochemically active X− or Cat+ groups, 
DOLFIN technique enables us to direct optical patterning of all-inorganic NCs, 
including metals, semiconductors, oxides, magnetic or rare earth 
compositions. Since DOLFIN is a photoresist-free method, no organic 
impurities are present in the patterned layers, which helps achieve good 
electronic and optical properties. The ability to directly optical pattern all-
inorganic layers with resolution and light exposure dose comparable to that of 
organic photoresists provides an important opportunity toward a broad 
technological adaptation of solution-processed metals, dielectrics, and 
semiconductors. 
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Adsorption of water on kaolinite and montmorillonite surfaces, and its 
effect on CO2 adsorption: DFT calculations 

Ryan A. Bennick1, Michael D. Kilmer2, Lorena Tribe1, lut1@psu.edu. (1) Penn 
State Berks, Reading, Pennsylvania, United States (2) Civil & Environmental 
Engineering, Temple University, Nicholson, Pennsylvania, United States 

The interactions of water and carbon dioxide molecules at the surfaces of clay 
minerals found in shale formations are at the center of problems such as 
Enhanced Gas Recovery and CO2 sequestration. The free energies of 
adsorption of CO2 on clay model clusters representing kaolinite and 
montmorillonite were determined previously in our group using first principles 
Molecular Orbital/Density Functional Theory with the M06-2X functional, well 
suited for non-bonding interactions. Our prior study led to adsorption results 
varying from phyisisorption to mineralization, with a great dependence on the 
type of mineral and the number of water molecules. To better understand the 
energetics involved we now present results for the free energies of adsorption 
of water molecules to the two mineral surfaces, sequentially increasing the 
number of discrete water molecules from zero for a completely dry surfaces, 
to sufficient molecules to represent a complete monolayer of water, in each 



case. The vibrational frequencies for adsorbed CO2 were compared to 
experimental data and to calculations in the literature using Molecular 
Dynamics simulations, and were used to validate the structure of the surface 
complexes. Energy scans for adsorbate moving away from the surface were 
also performed to determine the activation energy and the rate constant of 
adsorption 

COLL 151 

Surface interactions of the siderophore desferrioxamine-B with 
hematite/water interfaces studied using second harmonic and sum 
frequency generation spectroscopies 

Amanda L. Mifflin, amifflin@pugetsound.edu. University of Puget Sound, 
Tacoma, Washington, United States 

This work will present scanning and high-resolution broadband sum frequency 
generation (SFG) and second harmonic generation (SHG) surface 
spectroscopic measurements of an iron oxide mineral/water interface. Studies 
will examine the molecular structure and interactions of hetmatite/water 
interfaces with and without an organic ligand commonly found in soils, 
desferrioxamine-B (DFO-B). Experiments focus on monitoring the SFG and 
SHG signals as the DFO-B is exposed to hematite/water interfaces at varying 
pH and DFO-B concentration, and will provide direct evidence of surface 
coverage, structure and kinetics of complexation and dissolution. Results from 
such experiments on aqueous organic ligand-iron oxide interfaces will provide 
crucial information about biogeochemical iron and carbon cycling. 

COLL 152 

Jones-Ray effect reinterpreted: Surface tension minima of low ionic 
strength electrolyte solutions are caused by electric field induced water-
water correlations 

Halil Okur, Yixing Chen, David Wilkins, Sylvie Roke, 
sylvie.roke@epfl.ch. EPFL, Lausanne, Switzerland 

The surface tension of electrolyte solutions exhibits a minimum at millimolar 
electrolyte concentrations and then rises with increasing concentration. This 
minimum, known as the Jones-Ray effect, has been hotly debated over the 
past ~80 years. If not considered as an artifact, it is typically ascribed to a 
phenomenological rare binding site for ions or ion pairs. Here, we propose an 



alternative underlying mechanism, namely that the hydrogen bond network of 
water responds to the collective electrostatic field of ions by increasing its 
orientational order, supported by recent surface tension measurements of 
NaCl solutions in H2O and D2O, and second harmonic scattering experiments 
in combination with ion resonant second harmonic reflection experiments. 
Recent thermodynamic and purely electrostatic treatments of the surface 
tension provide support for this interpretation. In addition, concerns related to 
possible artifacts influencing the measurements are quantified experimentally. 

COLL 153 

Relative stabilities of reaction intermediates on group 1B metals: Effects 
of van der Waals interactions and bonding structure 

Robert J. Madix, bobcat@stanford.edu. Engineering and Applied Science, 
Harvard University, Belmont, Massachusetts, United States 

Seemingly weak interactions between adsorbed reaction intermediates 
differentiate their population of reactive sites on metal surfaces, hence 
affecting reaction selectivity in reactant gas mixtures. This effect is general to 
the 1B metals, the relative stabilities of alkoxy species being nearly identical 
on the surfaces studied to date. For carboxylates, however, the upright 
bonding limits the van der Waals interactions and reduces the magnitude of 
the effect, though similar trends are observed. 

COLL 154 

Infrared spectroscopy of the water gas shift reaction over the Cu(111) 
surface under ambient pressure conditions 

Christopher Kruppe, Michael Trenary, mtrenary@uic.edu. Chemistry 
Department, University of Illinois Chicago, Chicago, Illinois, United States 

Copper catalysts are used in the water gas shift reaction to convert mixtures 
of carbon monoxide and water to hydrogen and carbon dioxide. Conversely, 
the reverse water gas shift reaction utilizes carbon dioxide as a resource. The 
mechanisms of these reactions involve several surface intermediates that are 
difficult to characterize with spectroscopy. We have used reflection absorption 
infrared spectroscopy (RAIRS) to study these reactions under ambient 
pressures in the range of 0.1 to 150 Torr. In the presence of 10 Torr of CO, 
the Cu(111) surface undergoes an irreversible reconstruction to yield a 
surface on which CO is stably adsorbed at room temperature. In contrast, 



under ultrahigh vacuum conditions, from temperature programmed desorption 
studies CO is known to desorb below 190 K. The results are in accord with a 
recent study with scanning tunneling microscopy that showed formation of Cu 
nanoclusters on a Cu(111) surface in response to ambient pressures of CO. A 
multitude of different C–O stretching frequencies are observed for CO 
adsorbed on the reconstructed surface, which is indicative of the diversity of 
sites available on the Cu clusters. The CO-induced reconstruction also leads 
to a higher stability for adsorbed water than is observed on a flat Cu(111) 
surface. In the presence of 150 Torr of carbon dioxide, a peak is observed at 
1294 cm-1, which is assigned to the symmetric stretch of an adsorbed 
CO2 molecule that is bent through its interaction with the surface. Upon 
addition of 150 Torr of H2(g) at 300 K, the 1294 cm-1 peak of CO2 is greatly 
diminished, while new peaks appear due to gas phase water. By performing 
the experiment with polarized infrared radiation, the gas phase and surface 
species are easily distinguished. When the Cu(111) surface is annealed to 
higher temperatures, numerous changes occur in the spectra revealing the 
formation of a series of surface intermediates containing C–H bonds. The 
results demonstrate that CO2 hydrogenation is readily achieved over a 
Cu(111) model catalyst and that surface intermediates can be easily detected 
with RAIRS. 

COLL 155 

Accelerated discovery of materials for solar thermal water splitting 
using computational chemistry and machine learning 

Charles Musgrave, charles.musgrave@colorado.edu, Samantha Millican, 
Ryan Trottier, Christopher Bartel. Chemical Engineering, University of 
Colorado, Boulder, Denver, Colorado, United States 

Solar thermal water splitting (STWS) involves using concentrated solar energy 
to drive a two step redox process. In the first step a metal oxide is reduced to 
produce oxygen. The second step involves exposure of the reduced metal 
oxide to steam, which reoxidizes the material and produces hydrogen. A 
successful STWS process relies on the discovery of redox materials which 
can be reduced at reasonable temperatures, have the driving force while in 
their reduced state to split water and which have reduction and oxidation 
kinetics that are sufficiently high so that many cycles can be run each day. 
The thermodynamics of reduction and oxidation depend on the formation 
energy of oxygen vacancies in these materials. The kinetics of the surface 
reactions during reduction and oxidation steps could be determined by either 
surface reactions or by bulk diffusion of oxygen vacancies. We will present our 



results on using quantum chemical and machine learned models to rapidly 
predict the thermodynamic and kinetic materials properties to computationally 
screen candidate materials for STWS. 

COLL 156 

Photoelectochemical and electrochemical fuel production using low 
dimensional catalytic materials 

Uk Sim, usim@jnu.ac.kr. Department of Materials Science and Engineering, 
Chonnam National University, Gwangju, Korea (the Republic of) 

Development of sustainable energy sources is an urgent issue to meet 
growing demand in world energy consumption. Among the various types of 
sustainable energy, hydrogen and ammonia are one of the most promising 
renewable energy sources with a high energy density. The discovery of 
efficient catalysts represents one of the most important and challenging issues 
for the implementation of photoelectrochemical (PEC) or electrochemical fuel 
production. A critical requirement for outstanding catalysts is not only an 
ability to boost the kinetics of a chemical reaction but also a durability against 
electrochemical and photo-induced degradation. To address this critical and 
long-standing technical barrier, I have focused on an intense search for 
efficient, durable, and inexpensive alternative catalysts. My research have 
been concentrated on two subjects; (1) new possibilities of an atomic-scale 
catalyst as the efficient hydrogen evolution reaction (HER) catalyst, (2) the 
first report on the experimental electrochemical production of ammonia using 
Zirconium Nitride nanolayers grown by plasma enhanced atomic layer 
deposition. 
Firstly, carbon-based nanomaterials have emerged as promising candidate 
catalyst for HER. For the first time, I investigated new possibilities for 
monolayer graphene as an electrocatalyst for efficient HER and found that 
atomic defect engineering such as nitrogen doping through treatment with 
N2 plasma improved the catalytic activity. This study has also attracted 
particular interest to the materials and chemical society in that it has 
demonstrated the role of carbon-based catalysts with comprehensive 
electrochemical analysis. 
Secondly, the reduction of nitrogen to produce ammonia has been attracting 
much attention as a renewable energy technology. Traditionally, ammonia has 
been produced through the Haber-Bosch process, in which atmospheric 
nitrogen combines with hydrogen at high temperature and high pressure. For 
this reason, developing electrochemical ammonia-production methods under 
ambient temperature and pressure conditions should significantly reduce the 



energy input required to produce ammonia. Metal nitrides are an interesting 
class of materials for electrochemical ammonia synthesis because they may 
be able to form ammonia through Mars-van Krevelen mechanism. Here, we 
are the first to report on the experimental electrochemical production of 
ammonia using Zirconium Nitride nanolayers grown by plasma enhanced 
atomic layer deposition. 

COLL 157 

Photocatalysis at diamond surfaces: New approaches to photochemical 
reduction reactions 

Robert J. Hamers, rjhamers@wisc.edu. Univ of Wisconsin, Madison, 
Wisconsin, United States 

Diamond has many unique properties, among them the ability to act as a 
highly facile electron emitter in non-vacuum environments. Diamond surfaces 
exposed to UV light emit solvated electrons that can initiate reduction 
reactions such as the reduction of N2 to NH3 and CO2 to CO. However, 
diamond's large bandgap and low absorption probability lead to low efficiency. 
Recently we have investigate alternative approaches to producing solvated 
electrons by incorporating plasmonic nanoparticles into diamond films. 
Remarkably, Ag nanoparticles an persist as individual nanoparticles under the 
relatively harsh microwave chemical vapor deposition conditions used in grow 
diamond films. In this talk I will discuss diamond's unique surface properties 
and recent approaches to enhancing its utility as a solid-state emitter of 
electrons into water and ambient-pressure gases. 

COLL 158 

Translation of fundamental studies of surface chemistry to catalytic 
function in nanoporous materials 

Cynthia M. Friend, friend@fas.harvard.edu. Chemistry and Chemical 
Biology, Harvard University, Cambridge, Massachusetts, United States 

The intense interest in increasing the efficiency of heterogeneous catalysts 
has spurred an major effort in the development of predictive design principles. 
In this work, we demonstrate the ability to translate fundamental 
understanding of surface chemistry to catalyst function for selective oxidation 
reactions on Au-based catalysts. Fundamental surface chemistry is used to 
establish the elementary steps along the pathway to selective oxidation of 



alcohols on Au and Ag. Controlled synthesis of colloid templated porous oxide 
structures containing embedded dilute alloy particles with Au as the majority 
component is used to tailor catalytic properties. The products derived from the 
catalytic reactions using these materials is predicted by the fundamental 
surface chemistry. Furthermore, these materials are very thermally stable 
because of the embedded nature of the nanoparticles. Generalization of these 
concepts to other catalyst compositions and different reactions is underway. 

COLL 159 

Nanoparticle catalysis: Understanding the role of the surface and 
surface-passivation in creating stable, efficient and scalable devices 

Scott Geyer, geyersm@wfu.edu. Wake Forest University, Winston-Salem, 
North Carolina, United States 

Developing efficient, durable, and earth-abundant electrocatalysts for both 
hydrogen and oxygen evolution reactions is important for realizing large-scale 
water splitting. Nanoparticle systems present unique advantages in terms of 
deposition method, scalability, and surface area. Furthermore, an incredible 
range in materials can be rapidly synthesized and screened. Our focus is in 
exploring novel materials for the hydrogen evolution reaction (HER) and the 
oxygen evolution reaction (OER), and understanding how the surface 
chemistry affects the catalytic process.  
We report that FeB2 nanoparticles, prepared by a facile chemical reduction of 
Fe2+ using LiBH4 in an organic solvent, are superb bifunctional 
electrocatalysts for overall water splitting. The FeB2 electrode delivers a 
current density of 10 mA/cm2 at overpotentials of 61 mV for the HER and 296 
mV for the OER in alkaline electrolyte with Tafel slopes of 87.5 and 52.4 
mV/dec, respectively. DFT calculations demonstrate that the boron-rich 
surface possesses an appropriate binding energy for chemisorption and 
desorption of hydrogen-containing intermediates, thus favoring the HER 
process. The excellent OER activity of FeB2 is ascribed to the formation of a 
FeOOH/FeB2 heterojunction during water oxidation. 
We will also discuss our efforts to improve the stability of CdSe colloidal 
quantum dots (CQD) when used for photoelectrocatalysis. To enhance the 
stability and performance, we employ a film structure composed of organic 
PEDOT:PSS acting as a hole transport layer, CdSe CQDs acting as a 
semiconducting light absorber, and conformal atomic layer deposition (ALD) 
Pt layer serving as both a passivation layer and cocatalyst for hydrogen 
evolution. The PEDOT:PSS/CdSe/Pt photocathode with 300 cycles of Pt ALD 



shows a high photocurrent density of -2.14 mA/cm2 at 0 V vs. RHE and high 
stability in acidic electrolyte. 

COLL 160 

Interparticle hydrogen bonding influences the shear jamming of dense 
colloidal suspensions 

Nicole James, jamesnm@uchicago.edu, Endao Han, Ricardo Lopez de la 
Crus, Heinrich Jaeger. Department of Chemistry, The James Franck Institute, 
University of Chicago, Chicago, Illinois, United States 

Dense (>30% v/v) suspensions of hard particles in a liquid can exhibit 
strikingly counter-intuitive behavior, such as discontinuous shear thickening 
(DST) and reversible, shear-induced solidification known as shear jamming 
(SJ). Though recent studies suggest that frictional, particle-particle contacts 
give rise to these behaviors, many suspensions of frictional particles exhibit 
only DST and not SJ. We investigate the role of particle surface chemistry by 
controlling the solvent and surface chemistry of colloidal particles, finding that 
SJ is sensitively dependent on the system's ability to form interparticle 
hydrogen bonds. Our results extend the fundamental understanding of the SJ 
mechanism in dense colloidal suspensions and open new avenues for 
designing strongly non-Newtonian fluids for soft robotics and smart materials 
through controlling the surface chemistry and chemical interactions between 
particles in these systems. 

COLL 161 

Sensor made of graphene oxide and upconversion nanoparticles to 
sense mRNA biomarkers 

Davide Giust, Maria-Isabel Lucio-Benito, Otto Muskens, Antonios Kanaras, 
antoniskan@gmail.com. Physics and Astronomy, Institute for Life Sciences, 
University of Southampton, Southhampton, United Kingdom 

Recently our group developed a novel sensor to detect oligonucleotides of 
interest. The principle of this biosensor is based on the fluorescence 
quenching exerted by Graphene Oxide (GO) against the emission of UCNPs 
when excited at near-IR. 
 
In this poster, we show how this sensor is utilized to detect mRNA biomarkers 
related to diseases and plants. Our ultimate goal is to engineer a portable 



device for the fast, ease and reliable detection of multiple biomarkers at the 
field in real-time. 

COLL 162 

Determination of interfacial amorphicity in functional powders 

Maria Badal Tejedor1,4, Niklas Nordgren1, niklas.nordgren@sp.se, Michael 
Schuleit2, Samaneh Pazesh3, Goran Alderborn3, Anna Millqvist-Fureby1, Mark 
W. Rutland1,4. (1) RISE Bioscience and Materials , RISE Research Institutes 
of Sweden, Stockholm, Sweden (2) Novartis Institutes for Biomedical 
Research, Novartis Pharma AG, Basel, Switzerland (3) Department of 
Pharmacy, Uppsala University, Uppsala, Sweden (4) Department of 
Chemistry, KTH Royal Institute of Technology, Stockholm, Sweden 

The nature of the surfaces of particles of pharmaceutical ingredients, food 
powders, and polymers is a determining factor for their performance in for 
example tableting, powder handling, or mixing. Changes on the surface 
structure of the material will impact the flow properties, dissolution rate, and 
tabletability of the powder blend. For crystalline materials, surface 
amorphization is a phenomenon which is known to impact performance. Since 
it is important to measure and control the level of amorphicity, several 
characterization techniques are available to determine the bulk amorphous 
content of a processed material. The possibility of characterizing the degree of 
amorphicity at the surface, for example by studying the mechanical properties 
of the particles’ surface at the nanoscale, is currently only offered by atomic 
force microscopy (AFM). The AFM PeakForce QNM technique has been used 
to measure the variation in energy dissipation (eV) at the surface of the 
particles which sheds light on the mechanical changes occurring as a result of 
amorphization or recrystallization events. Two novel approaches for the 
characterization of amorphicity are presented here. First, since particles are 
heterogeneous, we present a methodology to present the results of extensive 
QNM analysis of multiple particles in a coherent and easily interpreted 
manner, by studying cumulative distributions of dissipation data with respect 
to a threshold value which can be used to distinguish the crystalline and 
amorphous states. To exemplify the approach, which is generally applicable to 
any material, reference materials of purely crystalline α-lactose monohydrate 
and completely amorphous spray dried lactose particles were compared to a 
partially amorphized α-lactose monohydrate sample. Dissipation data are 
compared to evaluations of the lactose samples with conventional AFM and 
SEM showing significant topographical differences. Finally, the 
recrystallization of the surface amorphous regions in response to humidity 



was followed by studying the dissipation response of a well-defined surface 
region over time, which confirms both that dissipation measurement is a 
useful measure of surface amorphicity and that significant recrystallization 
occurs at the surface in response to humidity. 

COLL 163 

Understanding the galinstan oxide interface through interfacial tension 
and interfacial rheology for use in stretchable applications 

Amanda Koh, amanda.s.koh.ctr@mail.mil, Randy Mrozek, Geoffrey 
Slipher. U. S. Army Research Laboratory, Aberdeen Proving Ground, 
Maryland, United States 

Room temperature eutectic liquid metals have seen significant growth in 
application usage recently due to their ability to deform under high strains 
while maintaining high thermal and electronic conductivity. In particular, 
eutectic gallium-indium-tin, galinstan, is of interest due to its very low melting 
point (-19oC), which makes it useful in a large variety of operational 
conditions. While many studies have looked at using galinstan as an 
electronic and thermal conductor, little has been done to characterize the 
interfacial properties of thin oxide shell that surrounds the liquid metal and 
gives it many of its mechanical properties. In this work, galinstan was studied 
using interfacial tensiometry and interfacial rheology in acidic aqueous 
environments in order to obtain a deeper understanding of the interaction of 
the molecules on the interface as well as an ability to manipulate that interface 
for future applications. Surprisingly, by manipulating the concentration of 
hydrochloric acid in the galinstan aqueous environment, IFT can be reduced 
by up to 70%. Contrary to what has been hypothesized in previous literature, 
interfacial rheology does not show a weakening of the interface in terms of 
modulus or yield stress for the galinstan oxide interface until 1M HCl, at which 
condition the oxide skin has been chemically removed. Based on the results 
of these experiments, aqueous dispersions of galinstan were improved 
through the addition of tin oxide. Interestingly, aqueous dispersions of eutectic 
gallium-indium (EGaIn) were similarly improved even though the liquid metal 
is not composed of tin. The ability to manipulate and improve galinstan 
interfacial interactions based on, but not tied to, acidic aqueous environments 
presents an exciting way to use liquid metals in non-aqueous applications. 

  



COLL 164 

Quantitative analysis of temperature programmed desorption from 
complex surfaces: A machine learning approach to surface science 

Alexander C. Elder, alexandercelder@gmail.com, Thomas M. 
Orlando. Chemistry and Biochemistry, Georgia Institute of Technology, 
Atlanta, Georgia, United States 

Surfaces containing a distribution of chemical functionalities as well as those 
within microporous and mesoporous materials are of central importance to a 
range of chemical technologies and natural phenomena. The complexity of 
such surfaces presents a significant barrier to the quantitative measurement 
of chemical processes in which they participate. Temperature programmed 
desorption (TPD) is a powerful surface science technique that sees routine 
application in areas ranging from heterogeneous catalysis to astrochemistry. 
However, because it was originally developed for quantitative analysis of 
desorption processes from single crystals, conventional data fitting methods 
are inaccurate when applied to TPD signals from non-ideal surfaces. 
 
To expand the scope of TPD to a broader class of surfaces we have 
developed a simulation-based stochastic fitting algorithm for signal 
decomposition into site-specific components. Ambiguity in the desorption 
profile decomposition is addressed by relating the results of auxiliary 
experiments to the signal features using probabilistic graphical modeling. In 
addition to measuring the kinetic parameters of desorption, this technique also 
allows for estimation of mass transfer parameters in porous materials. 
Application of the approach is demonstrated with example cases in chemical 
separations and planetary science, including desorption of carbon dioxide 
from metal-organic framework nanosheets and water vapor from lunar 
regolith. 

 
 



 
 
Decomposition of temperature programmed desorption (TPD) signal from simulated 
porous nanosheet material into internal and external site components. 

COLL 165 

Adsorption of water and gaseous species on calcite surfaces at different 
relative humidity and temperature 

Natalia A. Wojas1,2, natalia.anna.wojas@gmail.com, Agne Swerin1,2, Per 
Claesson2,1, Viveca Wallqvist1, Mikael Järn1, Patrick Gane3, Joachim 
Schoelkopf3, Marcus Adam3. (1) Bioscience and Materials, RISE Research 
Institutes of Sweden, Stockholm, Sweden (2) CHE Surface and Corrosion 
Science, KTH Royal Institute of Technology, Stockholm, Sweden (3) Omya 
International AG, Oftringen, Switzerland 

Calcium carbonate (CaCO3) is commonly used in industry. However, 
CaCO3 stored in various conditions demonstrates inhomogeneous surface 
properties. Our study focuses on a detailed understanding of the aging 
process of CaCO3 (freshly cleaved calcite surfaces) at different relative 
humidity (RH), temperature, the presence of gases and liquids, including time-
dependent effects. It is known the freshly cleaved CaCO3 surfaces that are 
exposed shortly to ambient air conditions will absorb species, as determined 
by high vacuum XPS. From our studies using static contact angles (SCA) 



those surfaces undergo a transition from hydrophilic as freshly cleaved 
(wettable) to hydrophobic in a few hours. AFM microscopy proves visible 
changes in the surface morphology and roughness. The significant increase in 
atomic % ratio of C/Ca and C/O is observed (XPS) due to hydrocarbons 
coming from the air (visible in the binding energy range for C1s electrons). The 
hydrophobicity of the surface increases with humidity (SCA) and the process 
can be slightly reduced by exposing the surface to nitrogen gas environment 
or dispensing water droplets on the surface repeatedly over time. The 
thickness of adsorbed moisture is not dependent on the humidity and 
stabilizes with time, while the moisture area spreads along the terraces 
(AFM). The work has relevance for cleaved calcite crystals for industrial 
processes and products using CaCO3 particles. 

COLL 166 

Morphological transformations from supramolecular nanofibers to 
nanoribbons in self-assembly of conjugated block copolymers 

Meijing Wang1, 11649076@mail.sustc.edu.cn, Liang Han1, Feng He2. (1) 
Department of Chemistry, Southern University of Science and Technology, 
ShenZhen, GuangDong, China (2) South University of Science and 
Technology of, Shenzhen, China 

The assembly of block copolymers in selective solvents offers a versatile and 
powerful method to create nanometer sized particles with well-defined and 
controllable geometry, size and functionality. Amphiphilic block copolymers 
are commonly use as self-assembly building blocks. Taking advantage of 
such polymers to controllably fabricate 1/2D nano-/micro- supramolecular 
morphology has played a significant role in supramolecular self-assembly, at 
the same time the formed nano-/micro- architectures are readily to 
functionalized by introducing functional blocks. We combine conjugated 
fluorescent block poly (phenylene vinylene) (PPV) and poly (2-vinyl pyridine) 
(P2VP) to build diblock copolymers PPV9-P2VPn with strong fluorescence 
and self-assembly properties and tune the ratio of different blocks through 
anionic polymerization. Dispersed or aggregated supramolecular 1-D 
fluorescent nano-fiber micelles or 2-D nano-ribbon that were inhomogeneous 
have been obtained by dissolving-cooling-aging process in selective solvent—
2-PrOH, which is good solvent for P2VP polymer chains and a poor solvent 
for PPV polymer chains. Subsequently we have explored the relationships of 
self-assembly properties and environment conditions, including the length of 
the corona block P2VP, the concentrations of solution and the solvent, and 
the result indicated that the structure is dependent from concentration, and it 



displayed tendency to 2D ribbens when block P2VP is shorter while 1-D 
dispersed cylinder when block P2VP is longer. Furthermore, it should be 
found that if the assembling process had an important bearing on the 
intermolecular π-π interaction. 

COLL 167 

Super liquid repellent surfaces – non-wetting forces, cavity growth and 
coatings on biobased materials 

Agne Swerin1,2, agne.swerin@ri.se. (1) Bioscience and Materials, RISE 
Research Institutes of Sweden, Stockholm, Sweden (2) Division of Surface 
and Corrosion Science, KTH Royal Institute of Technology, Stockholm, 
Sweden 

Extreme liquid repellence from surfaces is the focus of many important 
scientific and technical contributions in recent years. Superhydrophobicity and 
superamphiphobicity can be achieved on a large variety of substrates 
employing a large variety of different surface modification technique. We show 
by AFM-based wetting force measurements that superhydrophobicity displays 
a set of specific events when compared with hydrophobicity and discuss the 
driving force for growth of the non-wetting cavity as the sum of change in free 
surface energy, caused by (1) the receding non-wetting liquid, (2) the work 
spent on the formation of the liquid-vapor interface and (3) the volume of the 
cavity. 
A top-down overhang superamphiphobic coating on wood showed extreme 
liquid repellence with contact angles >150 degrees and roll-off angles <10 
degrees against water, ethylene glycol, diiodomethane and olive oil. The 
coating consisting of titania nanoparticles deposited by liquid flame spray and 
hydrophobized using plasma-polymerized perfluorohexane was applied to a 
birch hardwood. SEM imaging of coated areas revealed that capped 
structures were formed and this, together with the geometrically 
homogeneous wood structure, fulfilled criteria for overhang structures to 
occur. 
A bottom-up pigment coating was developed to achieve superhydrophobicity 
in one step from a waterborne formulation containing NaOl-hydrophobized 
calcium carbonate and latex binder. Formulation at higher solids content of 65 
mass% improved scratch and water resistance. Water rinsing of the dried 
coatings further increased the water resistance due to reduced surfactant-
assisted wetting from non-bonded NaOl and surfactant remaining in the latex. 
Capillary forces increase exponentially with increasing pigment volume 
fraction suggested as prime reason leading to more efficient binder coverage 



during the early stage of pigment coating consolidation. Recent reformulation 
replaced the SB latex with sustainable biobased AKD-wax hydrophobized 
cellulose nanofibrils as binder. 

COLL 168 

Eliminating intracellular S. aureus with its nanoparticle mimetic 

Feng Gao, Lulu Xu, Lihua Yang, yang9714@gmail.com. School of Chemistry 
and Materials Science, University of Science and Technology of China, Hefei, 
Anhui, China 

Staphylococcus aureus is the most prevalent cause of bloodstream infection, 
skin and soft tissue infection, and pneumonia. In particular, bacteraemia 
caused by S. aureus is one of the most common and serious bacterial 
infection worldwide, which may be complicated by the most serious infections 
including endocarditis, osteomyelitis, necrotizing pneumonia, and sepsis. 
Within minutes after the entry of S. aureus into the bloodstream, the pathogen 
is taken up by host phagocytic cells which are responsible for bacterial 
clearance. While the majority of the bacteria are effectively killed by these 
cells, some survive inside the phagocytic cells, especially macrophages. The 
intracellular location protects S. aureus from killing by antibiotics and by the 
host defense mechanisms, leading to relapse and re-infection in patients with 
S. aureus bactereamia. Moreover, the incomplete clearance of S. aureus 
allows the pathogen to hijack these infected cells as ‘Trojan horses’ for 
spreading infection via the bloodstream. Once delivered to the tissues, S. 
aureus can invade various non-phagocytic cell types, leading to metastatic 
infections in sites including bones, joints, heart, kidneys, and lungs. Clearly, 
eliminating intracellular S. aureus is key to clinical success. In this talk, we 
present a nanoparticle mimetic of this pathogen which outperforms antibiotics 
in eliminating intracellular S. aureus. 

COLL 169 

High efficacious nanoemulsion (NE) formulation of polyunsaturated fatty 
acid-taxoid conjugates 

Yaozhong Zhang1, yaozhong.zhang@stonybrook.edu, Changwei Wang1, 
Gulzar Ahmad3, Mansoor Amiji3, Jean Rooney1, Thomas Zimmerman1, Iwao 
Ojima2. (1) Stony Brook University, Stony Brook, New York, United States (2) 
Chem Dept/ICBDD, Stony Brook University, Stony Brook, New York, United 
States (3) Northeastern University, Boston, Massachusetts, United States 



Polyunsaturated fatty acids (PUFAs) were conjugated to a highly potent 
second-generation taxoid, SB-T-1214. The resulting PUFA-taxoids (PUFA = 
DHA, LNA) were encapsulated into oil-in-water nanoemulsions (NEs) using 
high pressure homogenization method. The size distribution, zeta-potential 
and morphology were characterized by Zetasizer and TEM. NE-DHA-taxoid-
fluorescein was prepared using sonication method and used as an imaging 
probe to investigate its mechanism of cellular uptake. By labeling the 
endosome and lysosome, our confocal microscopy images showed the co-
localization of the fluorescence probe and endosome/lysosome, indicating that 
this NE-taxoid probe was internalized via endocytosis. In vitro efficacy against 
various cancer cell lines was evaluated and we observed comparable or 
enhanced cytotoxicity of NE-DHA-SB-T-1214 and NE-LNA-SB-T-1214 as 
compared to that of SB-T-1214. In vivo efficacy studies of NE-PUFA-taxoids 
against breast (MX-1) and pancreatic (CFPAC-1) tumor xenografts in SCID 
mice exhibited significant tumor growth suppression or eradication of the 
tumor without appreciable systemic toxicity. The observed therapeutic efficacy 
of the NE-formulated PUFA-taxoids should be attributed to the enhanced 
permeability and retention (EPR) effect. These results demonstrate that the 
NE-formulation is a highly efficacious and promising tumor-targeted delivery 
system for PUFA-taxoids. 
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Single-molecule fluorescence sheds light on coupled dye-nanoparticle 
systems 

Tiancheng Zuo, curlyzuo@umich.edu. Chemistry, University of Michigan, 
Ann Arbor, Michigan, United States 

The strong light-matter interaction that occurs between a single dye molecule 
and a plasmonic nanoantenna has attracted tremendous attention due to the 
resulting strong fluorescence enhancement, which can improve the resolution 
of single molecule imaging. These plasmonic nanoantennas are metal 
nanoparticles that transfer free-space, far-field radiation to localized 
electromagnetic energy. Besides the fluorescence enhancement, we have 
discovered that the far-field emission pattern of a dye molecule is also largely 
modified when coupled to plasmonic nanoantennas. In particular, using 
single-molecule microscopy, we have measured a large difference in the 
emission polarization from single Cy5.5 molecules upon coupling to a 
plasmonic gold nanorod. To our knowledge, this is the first study that shows 
deliberate tuning of the emission polarization of single molecules via 
nanoantenna coupling. This study will improve high-sensitivity single-molecule 
fluorescence imaging by increasing the tunability and control of plasmon-
enhanced fluorescence, and it will further provide an in situ probe for 
measuring—and controlling—light-matter interactions on the nanometer scale. 

COLL 171 

Electrochemically enhanced dissolution of silica and alumina in alkaline 
environments 



Howard A. Dobbs, howarddobbs@umail.ucsb.edu, Kai Kristiansen, Alex M. 
Schrader, Zach Berkson, George Degen, Bradley Chmelka, Jacob N. 
Israelachvili. Chemical Engineering, University of California, Santa Barbara, 
Goleta, California, United States 

Alumina (Al2O3) and silica (SiO2) materials are prevalent in geological 
environments and complex materials used for device fabrication (for example, 
chemical-mechanical polishing, CMP), structural materials, and 
heterogeneous catalysts. In each of these systems, the solid-liquid-solid 
interface plays a crucial role in determining material properties and 
interactions in aqueous environments, especially with regards to dissolution. 
In particular, both the “Pressure Solution” phenomenon (relevant in geologic 
environments) and CMP demonstrate that the dissolution of alumina and silica 
materials can be drastically enhanced in aqueous environments; however, the 
cause of enhancement is still highly debated or unknown. Dissolution 
enhancement in both of these systems share similar mechanisms – 
asymmetric, or distinct, materials in close proximity in a saline, aqueous 
environment. In this work, we study the mechanism of enhanced dissolution of 
alumina and silica in alkaline environments as affected by the presence of an 
asymmetric surface. Using the surface forces apparatus (SFA) to characterize 
the enhanced dissolution in proximity to muscovite mica surfaces, we found 
that the dissolution is enhanced to varying degrees depending on the relative 
surface potentials of the asymmetric surfaces. The impact of key parameters 
of the electrostatic double-layer, such as the Debye (decay) length and 
surface potentials, were explored to provide insights into the electrochemical 
enhancement mechanism. Transport processes within the confined interface 
(lateral contact zones), such as diffusion and shearing-induced convection, 
are shown to influence the maximum achievable enhanced dissolution rates. 
Our findings highlight the importance of the asymmetric solid-liquid-solid 
interface and suggest new methods for a variety of technological applications, 
including for structural materials and chemical mechanical polishing. 
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Towards polarization-switched solid-state molecular (POSSM) pumps 

Carlos Fernandez3, fernandezcarlosa@yahoo.com.ar, Evgueni Polikarpov3, 
Greg Coffey3, Abhijeet J. Karkamkar2, Satish K. Nune1, Phillip Koech4, Wu 
Xu1, Pete McGrail3. (1) Pacific Northwest National Lab, Richland, Washington, 
United States (2) K2-57, Pacific Northwest Natl Lab, Richland, Washington, 
United States (3) Pacific Northwest National Laboratory, Richland, 
Washington, United States 



The objective of this work is no less ambitious than to demonstrate a highly 
efficient molecular pumping approach that could render obsolete mechanical 
compressors used in many other applications today. How? By simply 
switching “on” and “off” a capacitor where refrigerant molecules can be 
concentrated or released in and from the capacitor. This simple concept 
provides a physical basis for non-mechanical pumping. So far, we have 
demonstrated proof-of-concept showing that a capacitor coated with an 
specific compound (IP sensitive) exhibits a reversible enthalpy change in 
presence of a refrigerant gas. We estimated an exothermic enthalpy change 
of -9.2 Kcal/mol when in the “on” position (concentrating, “compressing” 
refrigerant molecules in the capacitor), and an endotherm of 9.1 Kcal/mol 
(expansion of the refrigerant from the capacitor plates) when the capacitor is 
switched “off”. No such effects were observed without the presence of both 
the specific compound and refrigerant. 
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Optically transparent ultramicroelectrode for studying local 
electrochemical events of single Au nanoparticle using combined 
methods of electrochemistry and dark field scattering microscopy 

Yanxiao Ma2, yma35@crimson.ua.edu, alton Highsmith1, Shanlin Pan1. (1) 
Department of Chemistry, The University of Alabama, Tuscaloosa, Alabama, 
United States (2) University of Alabama, Tuscaloosa, Alabama, United States 

Metallic nanoparticles (NPs) play an important role in molecular sensing and 
alternative energy harvesting, conversion and storage. However, it is 
extremely challenging to resolve chemical and physical transformation at 
single NP level using conventional optical and electrochemical methods for 
resolving their local structure-function relationship. In this research, a method 
with combined optical and electrochemical techniques are utilized in our study 
to resolve electrocatalytic property of single Au NPs. Combined methods of 
photolithography and electrodeposition are used for fabricating Au NP 
modified indium tin oxide ultramicroelectrode (ITO UME). Dark field scattering 
(DFS) microscopy and scanning electron microscopy (SEM) were used to 
characterize NPs on the surface of ITO UME. Dark field 
spectroelectrochemical study of hydrazine oxidation at planer ITO and ITO 
UME confirmed the formation of nitrogen bubbles on NPs surface. The 
formation of nitrogen bubbles on the surface of Au NPs decreased the DFS 
intensity and is highly sensitive to Au NP sizes. Mie theory simulation shows 
similar trend when the refractive index of surrounding medium decreases. 
Spectroelectrochemical study of hydrazine oxidation on a cuvette shaped ITO 



glass using UV-Vis spectrometer indicates the formation of nitrogen bubbles 
reduce the light transmitted to the detector, which as a result, increases the 
absorbance. 
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Electronic transport in supromolecular peptide nanofibers 

Allon Hochbaum, hochbaum@uci.edu, Nicole Ing, Ryan K. 
Spencer. University of California, Irvine, Irvine, California, United States 

Electronic transport is predominantly the domain of man-made materials and 
devices. Biology, on the other hand, tends to manage charge conduction via 
transport of ions. Consequently, interfacing biological and synthetic systems is 
an imperfect and often crude endeavor. New materials to interface with 
specific cellular and enzymatic processes are required to address challenges 
in integrating biology with electronic systems. Nature provides inspiration for 
exactly such biointerface materials. Many microbes in anoxic soils and 
sediment respire using extracellular electron transfer. Some of these species 
synthesize fiber-like appendages, called pili, which conduct charge over 
distances of microns to millimeters to reach remote electron acceptors. Such 
pili fibers are themselves conductive, are composed of a supramolecular helix 
of α-helical peptide building blocks, and exhibit band-like electronic conduction 
in aqueous environments. Based on sequence and structure motifs from 
native pili fibers, we developed a new set of self-assembling de novo peptide 
fibers. These peptides self-assemble through coiled-coil interactions to form 
unique, antiparallel hexamers and fibers. The resulting fibers are electrically 
conductive in both wet and dry conditions. Here we present data on electronic 
conductivity in fiber networks bridging electrodes and individual peptide fibers 
characterized by scanning probe techniques. These α-helical peptide fibers 
exhibit band-like conductivity, orders of magnitude greater conductance than 
comparable β-amyloid fibers, and are relatively insensitive to the ionic 
conditions in aqueous environments. Rheology and molecular dynamics 
simulations indicate that the peptide building blocks themselves are no 
inherently conductive, but rather the supramolecular arrangment of α-helices 
is responsible for the high oberserved conductance. The fibers have mutable 
sequence elements, making them ideal for device applications and as an 
experimental platform to study structure-property relationships of long-range 
electronic conduction in proteins. 
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Understanding the anticorrosive protective mechanisms of modified 
epoxy coatings with combined improved barrier, active feedback, self-
healing and antimicrobial functionalities using advanced 
electrochemical and spectroscopic techniques 

Demian I. Njoku, demianifeanyi@gmail.com, Miao M. Cui, Haigang Xiao, 
Baihui Shang, Ying Li. Corrossion and Protection Technology Division, 
Institute of Metal Research, Shenyang, Liaoning, Liaoning, China 

An investigation that adopted long-term in-situ electrochemical and 
spectroscopic methods to study the combined active, self-healing, 
antimicrobial and passive protective mechanisms of a new class of innovative 
multifunctional protective coatings fabricated based on epoxy resin doped with 
clay nanotubes impregnated with active species and thereafter encapsulated 
with pH-sensitive polyelectrolytes for the protection of steels in 3.5% NaCl 
solution has been successfully carried out. The suitability of the as-received 
clay nanotubes to encapsulate the active agents was confirmed by different 
spectroscopic measurements (SEM, TEM, FTIR, and XRD). Tube end stopper 
with Ferric ion and tube interfacial treatment with chitosan-glutaraldehyde 
(CTS-GTA) and chitosan-polyacrylic acid (CTS-PAA) polyelectrolytes were 
adopted to tunnel/impact a pH-controlled release of the active agents loaded 
in the nanotubes. The improved passive barrier performances of the various 
innovative coatings were revealed by long-term in-situ impedance 
spectroscopic (EIS), while their active feedback and self-healing abilities were 
determined by advanced electrochemical (EIS and SVET), optical and 
spectroscopic techniques. The optical/spectroscopic techniques revealed the 
degree of pit formation at the steel/coating interface and the iron rust 
formation around the artificially marked defects, including the ability of the 
marked defects to self-heal over exposure times, while the advanced 
electrochemical techniques revealed the corrosion mtigation process at the 
defective zones by the released inhibitors and the self-healing of the defective 
zones by the polyelectrolytes hydrogels used for the nanotube’s interfacial 
treatments. Adhesion, tensile and impacts tests were adopted to compare the 
physical/mechanical properties of the various coatings. The results from this 
investigation afforded insights into the effects of exposure time on the 
protective and failure behaviors of both the reference epoxy and modified 
epoxy coatings. In overall, an innovative route for the fabrication of protective 
organic coatings with extended multifunctional properties for the protection of 
materials deployed in service in varied environments has been proposed. 
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Selective separation and eradication of drug-resistant superbugs by 
using multifunctional fluorescent magnetic carbon-dots 

Avijit Pramanik, praavijit@gmail.com, Stacy J. Jones, Paresh C. 
Ray. Chemistry and Biochemistry, Jackson State University, Jackson, 
Mississippi, United States 

The emergence of drug-resistant superbugs remains a major burden to 
society. As the mortality rate caused by sepsis due to superbugs is more than 
40%, accurate identification of blood infections during the early stage will have 
a huge significance in the clinical setting. Here, we report the synthesis of 
red/blue fluorescent carbon dot (CD)-attached magnetic nanoparticle-based 
multicolor multifunctional CD-based nanosystems, which can be used for 
selective separation and identification of superbugs from infected blood 
samples. The reported data show that multifunctional fluorescent magneto-CD 
nanoparticles are capable of isolating Methicillin-resistant Staphylococcus 
aureus (MRSA) and Salmonella DT104 superbug from whole blood samples, 
followed by accurate identification via multicolor fluorescence imaging. As 
multidrug-resistant (MDR) superbugs are resistant to antibiotics available in 
the market, this article also reports the design of antimicrobial peptide-
conjugated multicolor fluorescent magneto-CDs for effective separation, 
accurate identification, and complete disinfection of MDR superbugs from 
infected blood. The reported data demonstrate that by combining pardaxin 
antimicrobial peptides, magnetic nanoparticles, and multicolor fluorescent 
CDs into a single system, multifunctional CDs represent a novel material for 
efficient separation, differentiation, and eradication of superbugs. This 
material shows great promise for use in clinical settings. 
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2D materials grafted colloidal microparticles 

Albert T. Liu1, t.albert.liu@gmail.com, Pingwei Liu1, Michael Strano2. (1) 
Chemical Engineering, MIT, Cambridge, Massachusetts, United States (2) 
Chemical Engineering, 66-566, MIT, Cambridge, Massachusetts, United 
States 

During brittle fracture, the energy needed to overcome the chemical bonding 
within a material is supplied by the surface energy (γ) released upon cracking. 
The former scales quadratically with strain while latter is linear such that there 



is a characteristic length, L, below which a pre-existing micro-crack is infinitely 
stable (Nat. Comm. 5, 3782). Large-area graphene or other 2D materials 
prepared by CVD, albeit mechanically robust, usually carry intrinsic 
nanometer-sized defects. Recent work by Mitchell et al. (Nat. Mat. 16, 89) 
showed that the imposition of a rigid substrate with Gaussian curvature could 
predictably control the macroscopic crack growth upon stretching. In this work, 
we ask if a similar imposition of a strain field at a scale 1000 times smaller 
could likewise guide spontaneous crack formation in molecularly thin 2D 
materials, as a scalable nanofabrication method to produce new types of 
electronic colloids capable of device operations. 

COLL 178 

Controllable hydrophobicity and transition temperatures of gold 
nanoparticles coated in 18-crown-6-C-SH moieties by taking advantage 
of the hole-side cation-diameter relationship 

Alex P. Hill, alexhill07@hotmail.co.uk. Chemistry, University of Liverpool, 
Liverpool, Merseyside, United Kingdom 

Gold nanoparticles (AuNPs) have become important functional materials with 
a broad range of applications chiefly due to their optical properties, 
biocompatibility and catalytic activity. Particle agglomeration resulting in 
plasmon coupling and corresponding dramatic colour change can readily be 
exploited to create simple and highly sensitive colorimetric test formats for 
analytical or diagnostic purposes. In recent years, a plethora of chemical and 
physical stimuli that can trigger the agglomeration of AuNPs have been 
identified including light, pH, metal ions and temperature. 
Here we present the development of two different sizes of gold nanoparticles 
(3 and 7.5nm) coated in a 18-crown-C-SH moiety which imbues the particles 
with its unique hole-size cation-diameter properties, allowing for the control of 
the hydrophobicity/phase transition temperature by changing the 
concentration of KCl present within solution. This process was monitored by 
multiple anallytical techniques such as: Direct video recording, UV-Vis, TEM, 
DLS and Zeta potential. It is hoped that with further work these particles could 
prove useful in allowing the transfer of both electrons and cations across 
bilipid mebrane interfaces, as an artifical mimic to natures standard methods 
os membrane transport. 
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Temporally decoupled growth and loading of a protein cargo into 
polymersomes using cellulose paper 



Alexander Li, ali34@ucmerced.edu, Anand B. Subramaniam. Department of 
Bioengineering, University of California, Merced, Merced, California, United 
States 

High temperatures encourage the rapid growth of polymersomes composed of 
amphiphilic diblock copolymers on cellulose paper. Use of high temperatures, 
however, could preclude the encapsulation of temperature labile cargo such 
as proteins and other biological molecules if the cargo is loaded 
simultaneously to the process of growth — the current convention for 
producing protein loaded polymersomes. This poster reports a process that 
can produce tens of thousands of protein-loaded PBD46PEO30 polymersomes 
under mild conditions with a modification that temporally decouples the 
process of growth of polymersomes from the process of loading cargo into the 
polymersomes on cellulose paper. Encapsulation was efficient. Only 
approximately 20 percent of the polymersomes had intensities in the lower 10 
% of the distribution. The simple diffusion controlled bench top batch process 
resulted in ~ 20,000 polymersomes within about 2 hours from 5 mm2 piece of 
filter paper. 

COLL 180 

In-situ spectroscopic ellipsometry as a tool to characterize Cu-ligated 
mercaptoalkanoic acid multilayers 

Alexandra Patron, alexandrampatron@gmail.com, Thomas J. Mullen, Corey 
Causey. University of North Florida, Jacksonville, Florida, United States 

Complex nanometer-scale surface structures have a broad range of 
applications in nanoelectronics, lithography, and biosensors. In particular, Cu-
ligated mercaptoalkanoic acid multilayers assembled onto Au have been 
utilized to define single-nanometer nanogaps between two registered metal 
surface structures. The quality of these multilayers is an important 
characteristic in generating reproducible nanometer-scale structures. 
Therefore, we explore the capabilities of in-situ spectroscopic ellipsometry to 
characterize the assembly of Cu-ligated mercaptoalkanoic acid monolayers 
and multilayers and compare our results to other surface analytical methods. 
These multilayer films provide a methodology to generate complex three-
dimensional chemical surface features. 
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Nanoparticle-templated synthesis of porous carbon for the removal of 
organic pollutants from water 

Alma C. Escobosa1, acescobosasalas@miners.utep.edu, Luis Barrera1, Juan 
Noveron2. (1) Chemistry, University of Texas at El Paso, El Paso, Texas, 
United States (2) Department of Chemistry, University of Texas at El Paso, El 
Paso, Texas, United States 

Clean water, besides being a basic human right, is an essential need for all of 
us. Despite this, clean water is becoming scarcer than ever due to the rise in 
population and pollution. Current water-purification methods can be expensive 
or not fully efficient. This is why we should focus on finding ways to give easy 
and affordable access to clean water to as many people as possible. What we 
seek to do is to create a high surface-area nanofoam that is free of 
petrochemicals. To build the core of the foam, zinc oxide and titanium dioxide 
nanoparticles are carbonized along with glucose in a furnace. Zinc oxide 
nanoparticles are then removed, leaving a high surface area nanoporous 
carbon foam with titanium dioxide nanoparticles. This super-hydrophobic 
nanofoam is expected to have the ability to trap organic pollutants such as 
polycyclic carbons, fluorocarbons, and aromatics, among others. Furthermore, 
titanium dioxide nanoparticles are going to enable the regeneration of our 
nanofoam material by creating reactive oxygen species when exposed to UV-
light. Tests were performed against pharmaceuticals such as Tetracycline, 
Amoxicillin, Oflaxin, as well as organic pollutants such as Naphtol, 
Naphtalene, and Bisphenol A. The characterization of the material includes 
XRD, TEM, BET, and EDS analysis. With this organic nanofoam it will be 
possible to produce drinking water with a small amount of material capable of 
cleaning more water than the average activated carbon filter. 

COLL 182 

Comparison of charge storage properties of Prussian Blue analogues 
containing copper and cobalt 

Amanda Rensmo, elseamanda.rensmo@hope.edu, Jennifer R. 
Hampton. Department of Physics, Hope College, Holland, Michigan, United 
States 

Prussian blue analogues (PBAs) are interesting materials of study because of 
their charge storing capacity. These materials can have a potential for battery 



technology applications if the effects of their composition and structure are 
understood. The focus of this study was to analyze the effects of the addition 
of copper or cobalt to a nickel deposition solution on the resulting PBA films. 
Solutions with constant metal concentration, but with different relative 
concentrations of NiCu and NiCo, were electrodeposited on a gold substrate 
through controlled potential electrolysis. In a hexacyanoferrate solution, the 
sample was modified in a cyclic voltammetry (CV) experiment to produce the 
PBA. The capacity of the modified film was characterized with CV scans using 
different scan rates. In addition, a scanning electron microscope with energy 
dispersive x-ray spectroscopy was utilized for examining the structure and 
composition of the film before and after the modification step. Preliminary 
results show that depositing the desired amount of copper was difficult 
whereas the cobalt depositions were more easily controlled. Yet, the 
deposition of copper resulted in more stored charge than that with cobalt. The 
amount of copper or cobalt has no effect on the kinetics or the potential of the 
reaction. 
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Synthesis of periodic mesoporous organosilicas and related hollow 
nanostructures 

Amanpreet S. Manchanda1,2, amanchanda@csustan.edu, Michal Kruk1. (1) 
Chemistry, College of Staten Island and The Graduate Center, City University 
of New York, New York, New York, United States (2) Chemistry, California 
State University, Stanislaus, Turlock, California, United States 

Large pore periodic mesoporous organosilicas (PMOs) with p-xylylene 
bridging groups were synthesized using Pluronic F127 as surfactant under 
moderate acidic conditions and low temperature (< 15 °C). The organosilicas 
had large pore diameter around 15 nm with weakly ordered face-centered 
cubic structure. Adjustment in the amount of organosilica precursor to Pluronic 
F127 surfactant led to synthesis of highly ordered face-centered cubic 
structure with closed mesopores and loosely aggregated hollow nanospheres. 
The resulting materials were characterized by nitrogen adsorption, small angle 
X-ray scattering, transmission electron microscopy, 29Si and 13C CP MAS solid 
state NMR. 
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Chiral recognition of single amino acid surfactants leucine, isoleucine, 
and norleucine in the presence of diamine counterion with different 
chain lengths 

Amber Benson2, akaylalea@gmail.com, Fereshteh H. Billiot2, Eugene Billiot2, 
Kevin F. Morris1. (1) Carthage College, Kenosha, Wisconsin, United States (2) 
Texas A&M University Corpus Christi, Corpus Christi, Texas, United States 

The purpose of this research was to characterize the physical properties of 
several amino acid based surfactant micellar systems and distinguish the 
external forces that play a role in changing their properties such as critical 
micelle concentration, aggregation number, size, shape, etc. The systems 
were characterized utilizing a variety of techniques such as: dynamic and 
static light scattering to gather information about the size and shape of the 
micelles; fluorescence spectroscopy to calculate aggregation number; 
Diffusion Ordered Nuclear Magnetic Resonance Spectroscopy to calculate 
hydrodynamic radius of the micellar systems and to determine the % fraction 
bound of the surfactants and the various counterions to the micelles; and 
Micellar Electrokinetic Chromatography to examine the effect of pH and 
counterion type on the chiral recognition ability of these systems. The goal of 
this research to gain a better understanding the factors that lead to chiral 
recognition of these amino acid based micellar systems. Preliminary data 
shows that pH effect the physical properties and chiral recognition of 
surfactants when diamines are used as counterion as compared to sodium 
counterion.  

COLL 185 

Adsorption on rutile TiO2 surfaces: Orbital, zero-point energy, and finite-
size effects in theoretical models 

Amy N. Carlson2, carlson4@duq.edu, Ellen S. Gawalt1, Jeffrey D. 
Evanseck3. (1) Duquesne Univ, Pittsburgh, Pennsylvania, United States (2) 
Chemistry and Biochemistry, Duquesne University, Pittsburgh, Pennsylvania, 
United States (3) Dept of Chemistry Biochemistry, Duquesne University, 
Pittsburgh, Pennsylvania, United States 

Adsorption on TiO2 is important for applications ranging from catalysis to 
surface modification of biomaterials. Despite the widespread importance of 
these processes in industrial applications, the underlying factors in adsorption 



are not well understood. Experimentally, it is challenging to get a clear 
geometric and energetic picture of the atomic-level interactions occurring at 
the adsorbate-substrate interface. Theoretical models provide a way to 
research these systems and understand the thermodynamic, geometric, and 
orbital effects of adsorption on TiO2, but these models are not always 
consistent nor easy to apply. Using meta-GGA density functional methods 
with localized basis sets, we systematically investigate the effect that 
computational model size, zero-point energy, and orbital hybridization have on 
TiO2 adsorption. We find that the adsorption energy, surface energy, lowest-
unoccupied molecular orbital positions, and surface atom geometries are 
strongly dependent on the number of stoichiometric TiO2 layers in rutile (110) 
slab models. Zero-point energy effects are shown to be insignificant in purely 
rutile systems, but can shift adsorption energies of CO2 by up to 6 kcal/mol. 
The Ti-3d(z2) orbitals on the under coordinated 5-fold coordinated titanium 
atoms on the rutile (110) surface correspond to the lowest unoccupied 
molecular orbitals in the system, and are the most critical for CO2 binding to 
the surface. This study can help provide experimental surface chemists with 
an atomic-level understanding of adsorption to make predictions about 
favorable adsorbate-substrate interactions, as well as provide theoretical 
chemists with the tools necessary to develop highly accurate slab models. 
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Partitioning of limonene into short-chain lecithin dispersions 

Andrew Karman3, apkarman@ucdavis.edu, Stephanie R. Dungan1,3, Nitin 
Nitin1, Susan E. Ebeler2. (1) Dept of Food Sci Tech, Univ of California at 
Davis, Davis, California, United States (2) Dept of Viticulture Enology, 
University of California, Davis, California, United States (3) Chemical 
Engineering, University of California, Davis, Davis, California, United States 

In this study, we have measured the equilibrium partitioning of limonene 
between an aqueous solvent and a synthetic phosphatidylcholine aggregate 
composed of either dihexanoyl phosphatidylcholine (DiC6PC) or diheptanoyl 
phosphatidylcholine (DiC7PC) monomers. Headspace measurements were 
collected using solid-phase microextraction (SPME) sampling methods and 
quantification of gas-phase concentration was performed using gas 
chromatography/mass spectrometry (GC/MS). Using a pseudo-phase model 
and a mass balance, the partition coefficients and critical micelle 
concentrations could be determined. We observe that at dilute limonene 
conditions, the partition coefficient of limonene into DiC6PC and DiC7PC 
aggregates are 1650 M-1 and 3500 M-1, respectively. At higher limonene 



concentrations, the DiC6PC aggregates become a moderate function of the 
amount limonene in the micelle aggregate while DiC7PC aggregates do not. 
Interestingly, dynamic light scattering measurements suggest a shape 
transition for DiC7PC aggregates at high limonene concentrations, from a 
monodisperse rod-like form into polydisperse, globular microemulsion 
droplets. Shape transitions of DiC7PC aggregates do not appear to produce a 
measurable change in the thermodynamic environment in the solubilization of 
limonene. 

COLL 187 

Functionalization of CdSe nanoparticles for use in solar 
nanocomposites 

Angus McReynolds, mcreynoa@union.edu, Joanne D. Kehlbeck, Michael E. 
Hagerman. Department of Chemistry, Union College, Schenectady, New 
York, United States 

Greener, more efficient, and less complex syntheses are required to make 
quantum-dot thin-film solar cells a viable, practical technology for consumers. 
To achieve these aims, toxic organic solvents must be eliminated or 
diminished in the synthesis process. The most appropriate alternative is 
water, a nontoxic solvent with potentials for easy film fabrication through inkjet 
printing. This research explores the synthesis of oleic acid capped cadmium 
selenide (CdSe) nanoparticles that can be functionalized for use in bulk 
heterojunction thin film solar nanomaterials. The functionalization was done 
via a biphasic reaction where the oleic acid is exchanged for water-soluble 
ligands, 4-mercaptobenzenesulfonate and 4-aminobenzenesulfonate. These 
ligands contain an electron-rich aromatic ring that should enable charge 
transport, terminal moieties like carboxylic acids and thiols that bind to the 
nanoparticle, and groups such as amines and sulfonic acids that are water-
soluble. Bicontinuous polymeric networks of poly(3,4-ethylenedioxythiophene) 
polystyrene sulfonate (PEDOT:PSS) and polyaniline (PANI) afford both 
electron and hole separation and charge transport. Successful syntheses of 
semiconductor nanoparticles were confirmed using UV-vis and fluorescence 
spectroscopy, scanning electron microscopy (SEM) and atomic force 
microscopy (AFM) studies. Nuclear magnetic resonance (NMR) spectroscopy 
was used to verify ligand attachment and to characterize the electronic 
environment of the ligand-nanoparticle coordination. An enhanced 
understanding of how ligand coordination affects nanoparticle self-assembly 
and inclusion within polymeric matrices affords new routes to realize tunable, 
water-processable solar networks with improved photoefficiencies. 



COLL 188 

Synthetic control over structural and optical properties of 
Cu(Zn)InS2/ZnS quantum dots studied at the single particle level 

Anh Nguyen1, atn005@uark.edu, Colin D. Heyes2. (1) Chemistry & 
Biochemistry, University of Arkansas, Fayetteville, Arkansas, United States (2) 
Chemistry and Biochemistry, University of Arkansas, Fayetteville, Arkansas, 
United States 

CuInS2 quantum dots (QDs) have been showed to have various potential 
applications including photovoltaic devices, light emitting devices and 
biomedical imaging. Comparing to Cd-based QDs, which contain carcinogenic 
cadmium, CuInS2 QDs could have a greater potential in biomedical imaging 
applications. However, despite the large number of potential applications, 
understanding the relationship between structure and optical properties of 
CuInS2 QDs at the single particle level is still lacking. 
We find that the resulting optical and structural properties depend on the 
reaction temperature, the reaction time, the concentration of reactants and 
when they are introduced. The structural properties and composition are 
studied by high resolution transmission microscopy (HRTEM) and inductively-
coupled plasma – mass spectrometry (ICP-MS). The quantum yield can reach 
up to 70% and can have fluorescence lifetimes between 250 and 320 ns. 
More importantly, we found that the blinking behavior can be controlled by the 
synthesis conditions to have either long or short “on” times, while maintaining 
a high “on”-state brightness and a small total quantum dot size (< 8nm). 

COLL 189 

Coverage ratio of amyloidogenic peptides over nano-gold colloidal 
particles 

Apaula Islam1, ai4@geneseo.edu, Monica Pujols2, Eghosa Okungbowa2, 
Peter Shevlin2, Kieran Brown4, Kazushige Yokoyama3. (1) Chemistry, SUNY 
Geneseo, Geneseo, New York, United States (2) Chemistry , SUNY Geneseo, 
Floral Park, New York, United States (3) Chemistry, The State University of 
New York Geneseo College, Rochester, New York, United States (4) 
Chemistry, SUNY Geneseo, Geneseo, New York, United States 

The characterization of adsorption of the amyloidogenic peptides, amyloid 
beta peptide 1-40 (Ab1-40), alpha-synuclein (a-syn), and beta-2-microglobulin 
(b2M) over nano-gold colloidal particle’s surfaces was investigated by using 



pH-dependent UV-Vis absorption spectroscopy. The critical pH (pHo) was 
determined by extracting where the color change and respective absorbance 
shift of gold colloid take place. We hypothesized that the surface charge 
potential of gold colloidal particles was affected by coverage with peptides. 
The change of surface potential due to peptide coating was estimated by the 
pHo shift. There was no monotonic relationship between size of gold colloid 
and coverage ratio. Based on geometric simulation, it was found that a 
peptide adsorbs on to the gold surface by “spiking out” and the radial diameter 
of contacting area was 0.1 nm. We concluded that the peptide conducts a 
charge contact through -N+ of Lysine. Furthermore, most of the sizes of gold 
colloids supported a double layer adsorption. 

COLL 190 

Brightness optimization of NIR-to-NIR upconversion nanocrystals 

Ashleigh M. Chov, ashleighc52@yahoo.com, Stanley May, Aravind 
Baride. Chemistry, University of South Dakota, Vermillion, South Dakota, 
United States 

NIR-to-NIR upconversion nanocrystals (UCNC) convert NIR excitation to 
shorter-wavelength NIR emission. NIR-to-NIR UCNC have important 
applications in a variety of fields, including bio-imaging, security printing, and 
latent fingerprint development. The major limitation for many of these 
applications is the low brightness of these materials under modest excitation 
flux. The goal of this research is to optimize and increase the brightness of the 
NaYF4:Yb,Tm UCNC by adjusting the doping concentrations of Yb and Tm 
and adding protective shells. These nanocrystals emit 800 nm light under 980 
nm excitation. NIR excitation produces no background emission from 
substrates and ambient lighting does not hinder the collection of the 800 nm 
emission from the nanocrystals. Real-time spectroscopic monitoring of UCNC 
synthesis and shell addition enables us to finely control the experimental 
parameters and produce reliable product outcomes. The brightness of the 
nanocrystals will be analyzed based on internal quantum efficiency 
measurements as a function of excitation power density, and on the intrinsic 
absorbance of the UCNC. 

COLL 191 

Exploring interaction between thiolated liposomes and gold/gold coated 
magnetic nanoparticles 



Basanta Acharya, bachary@ksu.edu, Viktor Chikan. Dept of Chemistry, 
Kansas State University, Manhattan, Kansas, United States 

Nanoparticle assisted drug release from liposomes is an important direction to 
enhance the functionality/usefulness of liposomes. Our goal is to decorate 
thiolated liposomes with gold and gold coated magnetic particles situated on 
the surface of these liposomes. The investigation has focused on various 
formulations using different lipid combinations. The major lipid includes 
dipalmitoyl phosphatidylcholine (DPPC) combined with 
distearoylphosphatidylcholine (DSPC) or 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N functionalized with thiol-group (DSPE-PEG SH, MW 
5000) in addition with regular cholesterol or cholesterol-PEG-SH. Permeability 
assays and dynamic light scattering investigations show efficient coupling 
between the liposomes and nanoparticles in the presence of thiol groups. 
Both non-magnetic and magnetic gold nanoparticles of different size are 
added outside of the liposomal vicinity which enhances the availability of the 
interior of liposomes for drug loading. The drug release efficiency was 
compared among the various samples of liposomes used and with types and 
sizes of gold nanoparticles. 

COLL 192 

Spatial distribution of mixtures of electrolytes at the air-water interface 
for varying temperatures 

Becky L. Eggimann2, becky.eggimann@wheaton.edu, J I. Siepmann1. (1) 
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States (2) 
Wheaton College, Wheaton, Illinois, United States 

The air-water interface represents a complex chemical system that continues 
to be actively investigated. Previous research has established that large, 
polarizable ions, like Br– and I–, are present at the aqueous liquid-vapor 
interface, but the microscopic origin of this preference is still an open 
question, particularly as it relates to thermodynamic driving forces. Using 
molecular simulations with alchemical ion models, we determined that 
differences in ion size alone are sufficient to cause larger anions to become 
enriched near the Gibbs dividing surface. Here, we extend that study to 
explore the effects of temperature. For five temperatures between 284 K and 
347 K, we use configurational-bias Monte Carlo simulations in the Gibbs 
ensemble to determine the spatial distribution of electrolyte mixtures that 
again differ only in the size of the anions. Water is modeled with the non-
polarizable TIP4P model, and special models are used for the ions that vary 



only in their Lennard-Jones σ parameter. Simulation analysis includes both 
structural properties—interfacial width, pair correlation functions, hydrogen 
bonding patterns—and thermodynamic properties—surface tension, Gibbs 
free energies of transfer between the bulk and the surface of the liquid phase, 
and van’t Hoff plots. 

COLL 193 

Introducing a molecular model system for 5-7 defects in graphene 

Benedikt P. Klein1, kleinbe@students.uni-marburg.de, Nadine J. van der 
Heijden2, Markus Franke3, Claudio K. Krug1, Stefan R. Kachel1, Phil 
Rosenow1, François Posseik3, Martin Schmid1, Ralf Tonner1, Ingmar Swart2, 
Christian Kumpf3, J. Michael Gottfried1. (1) Fachbereich Chemie, Philipps-
Universität Marburg, Marburg, Germany (2) Debye Institute for Nanomaterials 
Science, Utrecht University, Utrecht, Netherlands (3) Peter Grünberg Institut 
(PGI-3), Forschungszentrum Jülich, Jülich, Germany 

While conjugated systems with alternant topologies and their interaction with 
metal surfaces have been subject to intensive investigation, much less is 
known about their non-alternant isomers. A conjugated system with non-
alternant topology occurs in the 5-7 defects of graphene. In these defects a 
pair of a 5-membered ring and a 7-membered ring are formed in the pristine 
6-membered graphene lattice. Such defects occur for instance at grain 
boundaries between graphene domains and greatly influence the mechanic 
and electronic properties of the graphene layer. Because of the difficulties of 
yielding informations about a low concentration of defects in presence of a 
largely undisturbed structure, little is known about the interaction of 5-7 defect 
with an underlying substrate. In this study, we have obtained insight into this 
interaction by using a molecular model system. The smallest possible model 
system for the 5-7 defects is azulene, which is a bicyclic aromatic compound 
with a 5 and a 7-membered ring. We compared this molecule and its 
interaction with a metal surface to naphthalene as a model for the regular 6-6 
motif. Both molecules were studied on Cu(111) and Ag(111) surfaces with 
PES, NEXAFS, TPD, nc-AFM, STM and NIXSW experiments. To deepen the 
understanding of the resulting interactions, periodic DFT calculations were 
performed. The non-alternant topology of azulene causes non-uniform charge 
distribution and more localized frontier orbitals, resulting in a much stronger 
and more localized interaction especially with the Cu(111) surface. 
Manifestations of the stronger interaction of the non-alternant molecule with 
the surface include interfacial charge transfer and substantial in-plane and 
out-of-plane deformations, as well as a much smaller adsorption height. The 



strong interaction results from the donation of electron density into the lower 
lying LUMO of the non-alternant molecule. 

COLL 194 

Synthesis, aggregation behavior and enhanced oil recovery 
performance of an oligomeric nonionic surfactant 

Bing Qin, qinbing56@163.com. Sinopec Research Institute of Petroleum 
Processing, Beijing, Beijing, China 

Oligomeric surfactants are composed of three or more amphiphilic moieties 
covalently connected by spacer groups at the level of the headgroups. They 
provide great possibilities to bridge the gap between conventional monomeric 
surfactants and polymeric surfactants, and have brought about many profound 
improvements in the performances of surfactants in aqueous solution and at 
oil/water interface. Our previous work proved that the nonionic oligomeric 
surfactants endow the chemical flooding with higher oil recovery. It is an 
extension of our work to develop novel oligomeric surfactants with high 
oligomerization degree and to investigate the performance of the oligomeric 
surfactants in the field of enhancing oil recovery. In this work, an oligomeric 
nonionic surfactant (RPOS) was synthesized. The self-aggregation behavior 
of RPOS was studied by surface tension, interfacial tension, dynamic light 
scattering, and cryogenic transmission electron microscopy. Results showed 
that the oligomeric nonionic surfactant RPOS possesses lower critical 
micellization concentration (cmc) and stronger aggregation ability compared 
with their monomeric counterparts. Besides, RPOS could effectively improve 
the displacement efficiency to 90% at the concentration of 50 mg/L, showing 
promising application in the field of enhancing oil recovery. 

COLL 195 

Extraction of lemon essential oils from lemon peels with food-grade 
surfactants and its antibacterial applications 

Li-Yi Huang, Bing-Hung Chen, bkchen@mail.ncku.edu.tw. Department of 
Chemical Engineering, National Cheng Kung University, Tainan, Taiwan 

In this study, lemon essential oils (LEOs) were extracted from lemon peels by 
using nonionic microemulsions which could avoid the problem of residual 
organic solvent and energy consumption. At first, the stability of the 
microemulsion formulations, including P123/Tween80 (in 1/4 mass ratio), 



P123/PE 64 (in 1/4 mass ratio) and P123/T20 (in 1/2.5 mass ratio), was 
examined by size measurements with the dynamic light scattering (DLS). The 
results showed that P123/Tween 80 was the most stable one during a test 
duration of 21 days. With the good storage stability, the P123/Tween80 
system could satisfactorily form microemulsions and extract LEOs from peels. 
Effects of various parameters including the mixed ratios of surfactants, the 
dosage of surfactants and the concentrations of micellar solutions, as well as 
the procedures of the dynamic extraction, were all investigated in attempt to 
optimize the extraction condition. The results of LEOs extraction obtained by 
using 6 wt% P123/Tween80 after 24 h indicated an LEO extraction efficiency 
of 59.2% and 50.2% for fresh and waste peels, respectively. Moreover, the 
preconcentration technique was well used with sodium sulfate added to 
dramatically decrease the cloud point of the three formulations. Under the 
optimal condition, the preconcentration factor of P123/Tween80 was more 
than 20 and the most in all mixed surfactants used in this work. On the other 
hand, the antibacterial activity was determined against bacteria using growth 
curve and disc diffusion method under in vitro conditions. The commercial 
LEOs and extracted LEOs had fairly better activity against Bacillus cereus, 
compared with Escherichia coli BL21(DE3) and Proteus hauseri ZMd44. It is 
also found that the antibacterial effect of LEOs could be further improved by 
using preconcentration technique, leading to the higher concentration of LEOs 
present. 

 
 



 

COLL 196 

Density functional theory study of cation adsorption at the capping sites 
of Keggin-type Al nanoclusters 

Blake Hudson, blake-hudson@uiowa.edu, Jennifer L. Bjorklund, Joseph W. 
Bennett, Sara E. Mason. Chemistry, University of Iowa, Homer Glen, Illinois, 
United States 

Keggin type aluminum polycations can exist as different isomers that are 
related by rotations of trimeric Al subunits. These nanoclusters are a 
constituent of polyaluminum chloride coagulants used in water treatment, 
which motivates interest in how these clusters are stabilized by aqueous 
cations. Building off of our previous theoretical study of how the alpha isomer 
Keggin interacts with anions, here we use calculations based on density 
functional theory to model cation adsorption at different high symmetry sites 
on the particle surfaces. By modeling a range of cation adsorptions, we isolate 



how charge, electron configuration, and size all influence how strongly cations 
bind. We also use electronic structure analysis to provide molecular-level 
details about the cation-cluster bonding interactions. 

COLL 197 

G-DNA cancer therapy: Intracellular trafficking in HeLa cells 

Brennon J. Foster, foster.brennon@gmail.com, Katye Fichter. Missouri State 
University, Springfield, Missouri, United States 

In clinical trials, G-DNA – a DNA macromolecule formed through base-pairing 
of 4 guanine nucleotides between 2-4 guanine-rich oligonucleotides (GROs) – 
has been found to selectively inhibit cancer cell growth. The mechanism of this 
inhibition has been linked to G-DNA internalization once bound to the 
regulatory protein nucleolin. The intracellular trafficking pathway of G-DNA-
nucleolin complexes is largely unknown, though such complexes have been 
shown to interfere with the function of both cytoplasmic and nuclear growth 
and apoptotic proteins. It is important to characterize the trafficking pathway of 
G-DNA to limit unintended side effects (e.g. binding to molecules that could 
strengthen metastasis) and ensure prolonged therapeutic effects 
(e.g. ensuring that G-DNA is not trafficked to lysosomes). In this project, we 
sought to determine whether G-DNA primarily co-localizes inside or outside 
the nucleus. To this end, we used transfection to deliver fluorescently-labeled 
G-DNA to HeLa cells. We then fluorescently-labeled the Golgi apparatus, 
endoplasmic reticulum, lysosomes, and early endosomes of cells using 
immunocytochemistry, and the nuclei of cells using the Hoechst 33258 dye, to 
investigate co-localization of G-DNA with these organelles. Preliminary data 
suggests that, 24 hours post-transfection, G-DNA co-localizes in the 
lysosomes and endosomes, and may interact with the Golgi apparatus. Future 
experiments will further investigate how this trafficking changes with different 
incubation time periods and alternative transfection vectors. 

COLL 198 

Plasmonic properties and applications of tunable aluminum 
nanocrescents 

Caitlin Coplan, caitlincoplan@gmail.com, Mark M. Swartz, Jennifer S. 
Shumaker-Parry. Chemistry, University of Utah, Salt Lake City, Utah, United 
States 



Plasmonics, the phenomenon resulting from light interactions with nanoscale 
structures, is an active field for nanoscale manipulation of light. By varying the 
metal, size, and shape, plasmonic nanostructures can be tuned to interact 
with a broad spectral range of light. Commonly used plasmonic materials are 
the noble metals gold and silver. Aluminum is a cost-effective alternative to 
the noble metals. However, aluminum does present a challenge as it readily 
forms a native oxide layer, which can both protect structures and complicate 
fabrication. Here we fabricate aluminum nanocrescents with variations in 
geometries to investigate how shape control affects the optical response of 
the structures. Due to their high tunability potential, aluminum nanocrescents 
show great promise for functionality across a broad region of the spectrum of 
light. This also allows for a wide variety of applications, such as surface 
enhanced spectroscopies, photocatalysis, and photovoltaics. 

COLL 199 

Systematic study on the gelation properties of simple alkanoic acid 
metal salts as low molecular mass gelators 

Cassandra Dill, cdill@ggc.edu, Sanika Mathew, Ajay V. Mallia. School of 
Science and Technology, Georgia Gwinnett College, Lawrenceville, Georgia, 
United States 

Molecular gels are semi-solids, composed of a low concentration of a gelator 
(low molecular mass compound) and a liquid. The gelator molecule self-
assemble via weak intermolecular interactions resulting in 3-dimensional 
fibrillar networks that encapsulate large amount of liquid. To understand the 
gel formation mechanism, it is necessary to know why the molecules 
aggregate at different distance scales and simply structured gelator molecules 
are important. Fatty acid metal salts are well studied molecules and have 
been shown to form gels. A systematic analysis of structure property 
comparison of molecular gels of simple alkanoic acids metal salts as low 
molecular mass gelators will be presented. 5 wt % of sodium stearate has 
been shown to gelate alcoholic solvents (ethanol, isopropanol and tert 
butanol), DMSO and water, whereas copper (II) stearate only gelate toluene. 
Correlations between the molecular structures of alkanoic acid metal salts and 
the properties of their gels, including critical gelator concentrations, periods of 
stability, and gel-sol transition temperatures will be presented. 

  



COLL 200 

Bioconjugation of CuInS2/ZnS quantum dots to FGF and bioimaging 
their interactions with FGFR 

Colette Robinson, cdr012@email.uark.edu, Mamello Mohale, Dustin 
Baucom, Anh Nguyen, Ravi K. Gundampati, Musaab H. Al-Ameer, Suresh K. 
Thallapuranam, Colin D. Heyes. Department of Chemistry & Biochemistry, 
University of Arkansas, Fayetteville, Arkansas, United States 

Fibroblast Growth Factor (FGF) has been shown to be an important protein in 
angiogenesis, which is an important process in developmental biology and 
wound healing, but has also been implicated in cancer metastasis. FGF 
interacts with an FGF Receptor (FGFR) to signal the onset of angiogensis but 
the detailed mechanism of angiogenesis, and particularly its regulation, is still 
largely unknown. Imaging the interaction of FGF with FGFR in biologically-
relevant environments is important towards furthering this understanding and 
may eventually aid in the development of better cancer treatments. 
Fluorescence imaging is a powerful method for such studies due to its high 
sensitivity and spatial resolution and CuInS2/ZnS quantum dots (QDs) are an 
attractive fluorescent probe due to their high brightness, photo stability and 
long fluorescent lifetimes, coupled with the fact that they do not contain toxic 
elements such as Cd that is significant drawback of more common types of 
QDs. Here we describe our recent efforts on developing bioconjugation 
strategies for CuInS2/ZnS QDs to FGF, monitoring both specific and non-
specific interactions of QDs with FGF as a function of QD surface 
functionalization. We also study how these bioconjugates interact with 3T3 
cells and determine the effect of the QD label on FGF functionality in such 
environments. 

COLL 201 

Measuring energy transfer efficiency between Au and CdSe 
nanoparticles 

D'andree Lara, dandree.lara@gmail.com. St. Mary’s University, Brownsville, 
Texas, United States 

Nanoparticles are microscopic with diameters ranging between 1-100 nm. 
Their small size allows them to have tunable properties with variation in size. 
CdSe quantum dots are made from semiconducting material and fluoresce 
when excited. Au metal nanoparticles exhibit localized surface plasmon 



resonance (LSPR) which allows them to absorb and transfer energy to nearby 
particles. The efficiency of this energy transfer is not well defined by traditional 
methods. sample-transmitted excitation photoluminescence (STEP) 
spectroscopy is a new method that measures the change in fluoresce of the 
acceptor molecule as the excitation of the donor molecule is blocked by a 
filter. Using STEP spectroscopy, we will quantify the percentage of energy 
transfer between Au and CdSe nanoparticles in thin films. 

COLL 202 

Sum frequency generation spectroscopy of partially fluorinated methyl-
terminated self-assembled monolayers on gold and UPD-silver surfaces 

Daniela Rodriguez2, rodriguez.danii91@gmail.com, Maria D. Marquez2, 
Oussama Zenasni3, Steve Baldelli1, T Randall Lee1. (1) University of Houston, 
Houston, Texas, United States (2) Chemistry, University of Houston, Houston, 
Texas, United States (3) Department of Electrical and Computer Engineering, 
University of Houston, Houston, Texas, United States 

This presentation describes the characterization and comparison of partially-
fluorinated methyl-terminated self-assembled monolayers (methyl FSAMs) on 
gold and underpotentially-deposited (UPD) silver substrates. Sum frequency 
generation (SFG) spectroscopy and infrared reflection-absorption 
spectroscopy (IRRAS) data gathered in the C–F and C–H stretching regions 
between 1100-1450 cm-1 and 2750-3100 cm-1, respectively, provide 
information about the overall structures and orientations of the films. To 
determine if the change in substrate affects the macroscopic properties of the 
film, the wetting phenomena of the methyl FSAMs was probed using contact 
angle goniometry with a wide variety of probe liquids. The spectroscopically-
derived orientation of the molecules in air and under contacting liquids was 
compared to the wettability of the FSAMs to provide insight into the effects of 
nanoscopic surface structure on the macroscopic properties of the films. 

COLL 203 

Study of perfluorophosphonic acid surface modifications on zinc oxide 
nanoparticles 

Deben N. Shoup1, shoup2@marshall.edu, Rosalynn Quinones2. (1) Marshall 
University, Weirton, West Virginia, United States (2) Chemistry, Marshall 
University, Chesapeake, Ohio, United States 



Zinc oxide (ZnO) nanoparticles have unique properties that allow for potential 
uses in solar cells and electronic applications. For example, they exhibit a 
wide band gap, high exciton binding energy, and n-type semi conductivity. 
Functionalization of the surfaces of the nanoparticles is crucial for 
performance in application and this can be done by forming organic thin films 
on the surfaces by self-assembly. Phosphonic acids are often utilized for this 
purpose because they readily bind strongly to surfaces and are not easily 
removed. In this study, perfluorinated phosphonic acids modifications were 
utilized because they create a more stable surface due to the electronegativity 
of the perfluoro head group. Specifically, 12-pentafluorophenoxydodecyl 
phosphonic acid, 2,3,4,5,6-pentafluorobenzyl phosphonic acid, and 
(1H,1H,2H,2H-perfluorododecyl) phosphonic acid have been used to form thin 
films on the nanoparticle surfaces. The modified nanoparticles were then 
characterized using infrared spectroscopy, X-ray photoelectron spectroscopy, 
and solid-state nuclear magnetic resonance spectroscopy. Dynamic light 
scattering and scanning electron microscopy-energy dispersive X-ray 
spectroscopy were utilized to determine the particle size of the nanoparticles 
before and after modification. Electrochemical impedance spectroscopy was 
used to determine charge transfer effect of the modified nanoparticles. 
Thermogravimetric analysis was used distinguish between chemically and 
physically bound films on the modified nanoparticles. 

COLL 204 

Degradable cellulose wet adhesives using reductant-responsive 
microgels 

Dong Yang, yangdscut@hotmail.com, Robert H. Pelton. Chemical 
Engineering, McMaster University, Hamilton, Ontario, Canada 

This work demonstrates new strategies towards degradable cellulose wet 
adhesives, facilitating recycling of cellulose-based materials, including wood 
and paper products. The microgel adhesives provide cellulose strong wet 
adhesion that can be degraded after exposure to a weak reducing agent. 
Amphoteric or anionic microgels were transformed into cellulose wet 
adhesives by incorporation of hydrazide or azetidinium groups that can form 
covalent bonds to oxidized cellulose. Reductant-responsive wet adhesion was 
obtained by introducing cleavable disulfide linkages, either in the polymer 
chains tethering adhesive groups, or by using disulfide crosslinks in the 
microgels. In adhesion measurements, two wet cellulose membranes were 
laminated with microgel thin layers (15-45 mg/m2), and 90-degree peel force 
measurements were used as a measure of wet adhesion. Degradable 



adhesive microgels gave up to a 70% reduction in cellulose wet adhesion 
after exposure to a reductant. 

COLL 205 

Membrane expression of 5-HT1B receptors in N2a cells in response to 
SSRIs 

Emily B. Nowak2, emily_nowak6@hotmail.com, Gregory K. Illy1, Katye 
Fichter1. (1) Missouri State University, Springfield, Missouri, United States (2) 
Chemistry, Missouri State University, Springfield, Missouri, United States 

The behavior of 5-HT1B serotonin receptor was observed in N2a (murine 
neuroblastoma) cells to monitor intracellular trafficking. We examined the 
change in membrane of expression of 5-HT1B in N2a cells during 
differentiation. Previous studies have implicated an effect of selective 
serotonin reuptake inhibitors (SSRIs) on the membrane expression of 5-HT1B; 
therefore, understanding the trafficking of 5-HT1B could aid the generation of 
more effective SSRIs. N2a cells were transfected with pDNA expressing HA-
5-HT1B and cells were serum-starved to promote differentiation, causing the 
transfected cells to develop axons and dendrites. Immunocytochemistry (ICC) 
was performed to locate 5-HT1B receptors in relation to these processes. 
Preliminary data shows that the longer the cells were starved, the more 
differentiated the cells became, up to 12 days. The membrane expression of 
5-HT1B was also observed in differentiated cells, and examined over the 
course of differentiation. We hope that studying the membrane expression of 
5-HT1B will help elucidate the effect of SSRIs on the molecular mechanisms of 
psychological disorders. 

COLL 206 

Effect of hydroxide ion concentrations on the binding of montmorillonite 
to RNA surrogates 

Ethan P. Gordon, ethangordon99@gmail.com, Lorena Tribe. Penn State 
Berks, Reading, Pennsylvania, United States 

One theory for the rise of biological molecules in living organisms is the RNA 
world theory, which states that the first biological molecules were RNA or RNA 
surrogates. One method proposed for how the molecule replicated was 
through the presence of the clay mineral montmorillonite as an abiological 
catalyst. It is also hypothesized that a pH gradient is involved in generating 



the energy to drive the reaction forward. Using molecular modeling with an 
atomistic computational suite we were able to construct a model of 
montmorillonite and of a modified poly-adenosine chain, replacing the ribose 
sugar group with glycerol. With the molecular mechanics calculations we 
determined the effects of alkalinity on the reaction of the modified RNA chain 
interacting with the montmorillonite clay in terms of the bonding sites and the 
nature of the bonds formed. We will extend this information to establish the 
rate of the reaction in the pH ranges that would be available in the primitive 
environment 

COLL 207 

Application of electrochromic thin films for electrophysiology 

Felix Alfonso, falfonso@stanford.edu, Allister F. McGuire, Thomas Li, 
Francesca Santoro, Bianxiao Cui. Chemistry Dept, Stanford University, 
Stanford, California, United States 

Electrodes have been the gold standard for investigating neuronal signaling 
due to their high sensitivity and temporal resolution. However, classical 
electrodes are invasive and limited by the number of addressable sites. 
Recently, optical methods have become a sensible approach to measure the 
electrical activities of neurons by using electrochromic materials that 
transduces the electrical signal into an optical signal. In the present work, 
electrochromic thin films such as Prussian blue, iridium oxide and PEDOT 
were investigated to determine which had the best optical properties to serve 
as a sensor for the measurement of extracellular action potentials. These 
materials are known for their biocompatibility, insolubility in water, and stability 
in neutral media. We hypothesized that the electrical potential of excitable 
membranes will modulate the spectral properties of the materials which, in 
turn, could be detected by a differential photodiode detector. The materials 
were electrodeposited onto indium-tin-oxide-coated glass slides and their 
optical properties characterized. As a model for electrophysiology 
measurements, a clone line of modified HEK 293 cells was used that stably 
expresses Nav1.3 and KIR2.1 ion channels and generates spontaneous 
electrical action potentials. Herein, we demonstrate the ability of the films to 
detect the extracellular action potentials of HEK 293 cells and evaluate their 
potential for imaging a network of neuronal cells. 

  



COLL 208 

Single-molecule imaging of serotonin receptor trafficking using 
quantum dots 

Greg Illy, illy34@live.missouristate.edu, Katye Fichter. Missouri State 
University, Springfield, Missouri, United States 

Malfunctioning serotonin receptors are involved in the pathology of many 
psychological diseases. One subtype of serotonin receptors, 5-HT1B, has 
been implicated in decreased membrane expression in post-mortem 
hippocampal tissue samples of subjects diagnosed with unipolar depression. 
Therefore, we investigated the membrane expression of 5-HT1B with treatment 
of selective serotonin reuptake inhibitors (SSRIs). In order to observe receptor 
trafficking in response to SSRI treatments, we utilized InP/ZnS quantum dots 
(QDs) for single-molecule fluorescence imaging of receptor trafficking. QDs 
exhibit high photostability, making them ideal fluorophores for single-molecule 
imaging. We have modified QDs through a multiple-step bioconjugation 
reaction to synthesize probes with extremely high affinity for 5-HT1B. We hope 
that these studies will help to unravel the molecular basis of psychological 
disorders and produce more efficacious treatments. 
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New class of nanocatalysts created by coupling of carbon nanotubes, 
functionalized silica and truncated silver nanoparticle 

Bhanu P. Chauhan, Gurjeet Longia, longiag@student.wpunj.edu, Qiaxian 
Johnson, Noor Eldabagh. Department of Chemistry, William Patterson 
University, Wayne, New Jersey, United States 

We are interested in generating nanosized catalysts based on the carbon 
nanotube motifs. It is well established that nanotubes are one of the favorite 
agents for synthesis of well-defined nanostructures due to their high rigidity, 
tension strength, and Young’s modulus. This very rich property profile makes 
them ideal agents for the scaffolding with other nanostructures of various 
geometries to create unique nanocomposites. In our recent work, we have 
been investigating mild, selective and a general approach to incorporate 
CNT’s into silicon based structures. 
In this presentation, we will describe the incorporation of noble metal 
nanoparticles onto hydroxyl functionalized multi-walled carbon nanotubes 
(MWCNT-OH). Our method of synthesis is unique due to the utilization of mild 



conditions, which is more optimal as compared to harsh conditions that 
require strong acids under either reflux or elevated temperatures. 
Furthermore, our laboratory was able to control the amount of nanoparticles 
attached to the nanotubes, as well as the amount of coating on the nanotube 
by modifying silane concentrations. The spectroscopic characterization was 
accomplished by UV-Vis, FT-IR, Raman, SEM, and TEM. 
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Mild, reproducible and efficient strategy to halogenated sol-gel materials 

Gurpreet Longia3, Longiag1@student.wpunj.edu, Noor Eldabagh3, Qiaxian 
R. Johnson1, Justine domena3, Yalan Xing2, Bhanu P. Chauhan3, 
chauhan.cepm@gmail.com. (1) William Paterson University, Jackson, New 
Jersey, United States (2) Chemistry Dept-SCIE 4059, William Paterson 
University, Wayne, New Jersey, United States (3) Department of Chemistry, 
William Patterson University, Wayne, New Jersey, United States 

Well-defined functional silicon based gels are materials of high importance 
due to their wide-ranging applications particularly in industrial setting. We are 
interested in devising the tailor made gels, which will find applications as 
catalysts for various organic transformations. In particular, we are interested in 
creating functional silicon based platforms, which will not only act as catalysts 
but also provide recyclability properties. 
In this presentation, we will describe a new synthetic protocol where a 
multifunctional silicon molecule Bis(trimethoxysilylpropyl)amine (also known 
as Dynasylan® 1124) is polymerized and fluorinated in one step in presence 
of N-chlorosuccinimide (NCS). In a typical sol-gel polymerization, a 
organosilane is hydrolyzed in presence of an acid or base catalysts but in our 
case the molecule Bis(trimethoxysilylpropyl)amine undergoes self-
polymerization (gelification) if left in air for longer periods. In this work, we 
employed innate ability Bis(trimethoxysilylpropyl)amine to hydrolyze in a 
presence of polar protic solvents. Halosuccinamides were added to the 
reaction mixtures as catalyst to provide materials of various texture and 
morphologies. One of the novel feature of the process is that variation of 
catalyst amounts lead to gels of varying amount of halogenated silicon centers 
with predictable stability. Structural and spectroscopic analysis of these 
samples was carried out by, 29Si, 13CNMR, TEM, SEM, TGA, FT-IR and 
Raman techniques. 
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Poly(vinyl alcohol) thin film dewetting on polydimethylsiloxane surfaces 
by directional drying 

Haimi Nguyen, nguye66h@mtholyoke.edu, Yueyue Qi, Kelly Lim, Wei 
Chen. Chemistry Dept, Mount Holyoke College, South Hadley, 
Massachusetts, United States 

Polymer thin film stability has important fundamental and technological 
implications. Recently, we established that poly(vinyl alcohol) (PVOH) 
spontaneously adsorbs to polydimethylsiloxane (PDMS) substrates from 
aqueous solution. The stability of the PVOH thin films can be controlled by the 
substrate mobility or PDMS molecular weight/thickness. The dewetting 
patterns vary from conventional droplets to unique fractal features. They are 
irregular, however, due to the non-uniform drying across the thin film samples. 
In this research, adsorptive spin casting is evaluated as a new method that 
combines the spontaneity of polymer adsorption and controlled directional 
drying. Specifically, PVOH thin film morphologies are evaluated under various 
conditions, including adsorption/contact time, PVOH drop size, and spin rate. 
Ordered fractal morphologies are produced within a confined drop as the 
result of directional drying in a circular geometry and in the runoff region as 
the result of directional drying in a linear geometry. Fractal morphology is 
imaged using optical microscopy. Sectional images are then merged into an 
image of the entire sample using either Photomerge in Photoshop or 
Autopano Giga. Fractal dimension and lacunarity of each image are 
determined using the Fraclac plugin in ImageJ. The formation of the fractal 
morphology appears to be in the reverse direction of diffusion limited 
aggregation. 
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Structure and thermodynamics of worm-like micelles with addition of 
salt and co-solvent 

Hanqiu Jiang1, jianghu@mail.uc.edu, Karsten Vogtt1, Gregory Beaucage1, 
Michael R. Weaver2. (1) Chemical and Materials Engineering, University of 
Cincinnati, Cincinnati, Ohio, United States (2) Procter and Gamble, Cincinnati, 
Ohio, United States 

Wormlike micelles (WLMs) are aggregates assembled from amphiphilic 
molecules and form long, thread-like structures under high salt conditions. 



The robust long-chain characteristic of WLMs, and their ability to entangle, 
yields unique viscoelastic properties associated with widespread application. 
The actual performance of micellar products depends highly on the size and 
shape of surfactant aggregates, which can be altered through adjustment of 
the balance between solvent incompatibility with the tail groups and solvent 
electrostatic interactions with the head groups. Commonly used strategies to 
adjust such balance are to tune concentrations of salt as well as other 
additives to adjust the structure of the aggregates 
A mixed surfactant system composed of a common anionic surfactant, sodium 
laureth sulfate-1 (SLES1), modified by a zwiterionic surfactant, 
cocamidopropyl betaine (CAPB) is studied. Small angle neutron scattering 
(SANS) was employed in the investigation of the structure of micelles in the 
presence of both inorganic salt and co-solvent. The scattering contribution of 
samples were fitted by hybrid unified function which allows the determination 
of local cylindrical structure and larger scale structure info including micellar 
contour length and extend of branching. SANS also allows understanding of 
WLMs behaviors from thermodynamic prospective. Free energy, entropy and 
enthalpy of scission (forming two end-caps) were obtained based on slight 
modification of Cates and Candau’s theory. The relative dependence of 
contour length/scission energy on salt concentration in the presence and 
absence of co-solvent is studied. The self-assembled structure can be tuned 
by adjusting solvent polarity without affecting the relative tunability of the WLM 
structure through counter ion concentration. Further interpretation on entropy 
and enthalpy change will also be presented. 
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Molecular oligonucleotide brushes via ring-opening metathesis 
polymerization 

Hao Lu1, lu.hao1@husky.neu.edu, Xuyu Tan1, Yehui Sun1, Xiaoying Chen2, 
Dali Wang1, Ke Zhang1. (1) Department of Chemistry and Chemical Biology, 
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Department of Biology, Northeastern University, Boston, Massachusetts, 
United States 

Oligonucleotides have been envisioned as biopharmaceuticals in many forms 
of therapies. However, their difficult physiochemical and biological properties 
severely limit their clinical translation. When the oligonucleotides are densely 
organized and oriented on a rigid core, typically a gold nanoparticle, they 
exhibit exceptionally improved cellular uptake and enzyme stability. These 
structures are termed spherical nucleic acids (SNAs). Herein, we take 



advantage of SNA-like properties by forming molecular DNA brushes via ring-
opening metathesis polymerization (ROMP) of chemically protected DNA 
macromonomers. These brushes have high surface DNA density upon 
deprotection, and exhibit prototypical SNA properties such as improved 
cellular uptake and enzyme stability. The DNA strands retain the ability to 
hybridize with a target strand with slightly increased melting temperatures. 
Therefore, these molecular oligonucleotide brushes are promising new forms 
of nucleic acids showing SNA-like properties without a metallic core. 
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Gene expression in a synthetic eukaryotic cell-mimic 

Henrike Niederholtmeyer, hniederholtmeyer@ucsd.edu, Neal K. 
Devaraj. University of California, San Diego, San Diego, California, United 
States 

Eukaryotic cells are highly ordered and complex structures and constitute the 
smallest functional units of multicellular organisms. We aimed to mimic 
capabilities and organization of natural eukaryotic cells in a synthetic, non-
living artificial cell. Using a microfluidic method we produce porous polymeric 
capsules with an artificial nucleus where DNA is immobilized. Upon addition of 
transcription and translation reagents capsules synthesize proteins encoded 
in their nuclei. Proteins can be targeted to different locations in the artificial 
cell such as the nucleus or the cell wall by specific binding interactions. 
Arranged in synthetic tissues artificial cells communicate with each other 
through diffusible signals that influence gene expression in neighboring cells. 
Our results suggest that artificial cells may serve as simplified models to study 
spatial organization in natural, living cells and tissues. 
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Superhydrophobic and hygroscopic surface as an effective anti-icing 
coating 
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Tenjimbayashi2, Seimei Shiratori1,2. (1) Applied Physica Physico-informatics, 
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School of Science and Technology, Keio University, Yokohama Kanagawa, 
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Freezing causes serious damage to various fields such as aviation, industry, 
and telecommunication business. Ice formation can be divided into freezing 
rain and frost. One of the most effective approach for anti-icing is coating 
manner because it does not require energy consumption. However, there are 
few reports of anti-icing coating which prevent ice formation caused by 
freezing rain and frost formation at the same time. 
Here, we fabricated the anti-icing coating consist of hydrophobic particles and 
hygroscopic polymer as shown in Figure A. Hydrophobic particles play a role 
of repelling supercooled water droplet and hygroscopic polymer plays a role of 
suppressing frost formation by humidity sink effect: water vapor pressure can 
be locally depressed below the saturation pressure through the presence of a 
hygroscopic material to prevent frost formation. As in Figure B, anti-frosting 
behaviors of anti-freeze coatings (see a legend of coating I-IV in Figure B) 
are compared in the condition at -10 and 50%RH. It was found that 
superhydrophobic and hygroscopic surface (coating IV) delayed frost 
formation compared with simply superhydrophobic surface (coating II). In 
addition, superhydrophobicity of the coating IV has advantage in terms of 
freezing rain resistance compared with simply hygroscopic surface (coating 
III) (Figure C). 

 
 
Figure. (A) Schematic diagram of anti-icing coating consist of hydrophobic particles 



and hygroscopic polymer. (B) Time-lapsed images of anti-icing coatings (I: uncoated, 
II: superhydrophobic, III: hygroscopic, and IV: superhydrophobic and hygroscopic 
surfaces) under frosting condition. (C) High-speed time-lapse image of water droplet 
removal of superhydrophobic and hygroscopic surfaces. 

COLL 216 

Silicon-containing dendritic dyes with aggregation-induced emission as 
fluorescent probes 

Hua Wang1, sduwanghua@gmail.com, Shengyu Feng3, William Yu1. (1) 
Louisiana State University in Shreveport, Shreveport, Louisiana, United States 
(3) Shandong University, Ji'nan, China 

Among various organic fluorescent dyes, a special kind of compounds 
exhibited excellent enhanced fluorescence in nano-aggregate particles which 
is called aggregation-induced emission (AIE). Recently, many AIE-active 
organic dyes have been reported as fluorescent probes and exhibited 
excellent results. To develop new AIE-active organic dyes with unique 
molecular structures as fluorescent probes is currently needed. 
 
Silicon-containing compounds are well known for their high glass transition 
temperature, high thermal stability and excellent optical properties in OLEDs. 
Here, we designed and synthesized a few silicon-containing organic AIE-
active dyes. Firstly, a silicon-containing naphthalimide (NPI-Si) derivative was 
successfully synthesized and exhibited unique AIE in methanol/water 
mixtures. Furthermore, NPI-Si displayed higher sensitivity to detect explosive 
compound than non-silicon dyes. Secondly, a novel thiophene functionalized 
silane (MPS) was designed4. MPS exhibited AIE property in water/THF 
mixtures and was used as a probe to detect Fe3+ in aqueous-based 
solutions. MPS exhibited high selectivity toward Fe3+even in the presence of 
other metal ions and high sensitivity at ppb level. The test conditions could 
also be expanded from water to bovine serum albumin and solid films. 
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Surface chemistry of carbon nanoparticles functionally select their 
uptake in various stages of cancer cells 

Indrajit Srivastava1,2, indrajit@illinois.edu, Santosh K. Misra1,2, Fatemeh 
Ostadhossein1,2, Enrique Daza1,2, Jasleena Singh1,2, Dipanjan Pan1,2. (1) 
Bioengineering, University of Illinois at Urbana-Champaign, Urbana, Illinois, 



United States (2) Carle Foundation Hospital, Mills Breast Cancer Institute, 
Urbana, Illinois, United States 

Correlation of the surface physiochemical characteristics of nanoparticles with 
their interactions with biological entities may provide critical information for 
nonmedicinal applications. In this work, we report synthesis of sub-50nm 
carbon nanoparticles (CNPs) having neutral, anionic and cationic surface 
functionalities. Furthermore, a subset of these CNPs having ~ 10, 20 and 40 
nm hydrodynamic sizes were synthesized having neutral surface headgroups. 
For the first time, the cellular internalization of these CNPs was systematically 
quantified in various stages of breast cancer cells (early, late, and metastatic), 
thereby providing a parametric assessment of charge and size effects. Distinct 
activities were observed when these systems interacted with cancer cells in 
various stages. Our results indicated that metastatic breast cancer could be 
targeted by a nanosystem presenting anionic phosphate groups. On the 
contrary, for patients in late stage of cancer, drugs could be delivered with 
sulfonate functionalized carbon nanoparticles, which have higher probability of 
intracellular transport. This study will facilitate the better understanding of 
nanoparticle–biological entity interaction, and the integration of this knowledge 
with pathophysiology would promote the engineering of nanomedicine with 
superior likelihoods of crossing the endocytic “barrier” for drug delivery inside 
cancerous cells. 

 



 
Figure 1. A schematic and conceptual representation of personalized selection of 
nanoparticles based on the disease pathophysiology (tumor biopsy) and phenotype 
(cancer stage), and it's correlation as a function of surface chemistry and size. 
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N-methylmorpholine-N-oxide acts as a 'sacrificial catalyst' to permit 
imaging of carbon nanodots at the single-particle level 

Indrajit Srivastava2,3, indrajit@illinois.edu, Santosh K. Misra1,3, John Khamo4, 
Vishnu Krishnamurthy4, Dinabandhu Sar2,3, Aaron S. Schwartz-Duval2,3, Kai 
Zhang4,5, Dipanjan Pan2,3. (1) Bioengineering, University of Illinois at Urbana 
Champaign, Urbana, Illinois, United States (2) Bioengineering, University of 
Illinois at Urbana-Champaign, Urbana, Illinois, United States (3) Carle 
Foundation Hospital, Mills Breast Cancer Institute, Urbana, Illinois, United 
States (4) Department of Biochemistry, University of Illinois at Urbana-
Champaign, Urbana, Illinois, United States (5) Neuroscience Program, 
University of Illinois at Urbana-Champaign, Urbana, Illinois, United States 

For robust single particle optical detection, a high sensitivity in 
photoluminescence (PL) of carbon Dots (CDs) must be achieved. PL 
sensitivity can be successfully correlated with their surface chemistry but 
requires high synthetic control without altering their basic surface properties. 
Here we describe conditions for the controlled synthesis of CDs that resulted 
in a PL sensitivity at the single-particle level. By using a stoichiometric 
(‘sacrificial’) catalyst nanoscale surface oxidation, we generated sub-10 nm 
particles with two-fold higher quantum yield compared with non-catalytic CDs. 
These results established that CDs produced following a catalytic pathway 
show remarkable brightness due to six-times higher oxidized nanoscale 
surface, making them well suited for single-particle imaging. 

 
 



 
 
Scheme1. Schematic representation of the process of preparing multi-color CDs by 
using NMMO as a stoichiometric catalyst mixed with sucrose. (a) Nucleation of crude 
particles by catalytic process indicates irreversible consumption of the catalyst over a 
reaction time of 24h. (b) A silica gel column chromatography was used to separate 
multi-color CDs and their quantum yields were compared with (c) nucleation of 
‘green’ CDs in a non-catalytic process. (d) A distinguishable hydrodynamic diameter 
of multi-color CDs and (e) representative TEM image of CD from red fraction. 
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Increasing Zr(IV) ligand binding sites in hetero-metal substituted Well-
Dawson polyoxometalates for CWA simulant decomposition 

Spencer L. Giles, Jeffrey Lundin, Pehr Pehrsson, Robert Balow, James H. 
Wynne, james.wynne@nrl.navy.mil. Chemistry Division, Naval Research 
Laboratory, Lorton, Virginia, United States 

The structural flexibility of the Zr(IV) hetero-metal substituted polyoxometalate 
(POM) [Zr(α2-P2W17O61)2]16- is well established and allows for control over 
access to the Zr(IV) center for reactivity enhancement. Additional ligand 
binding sites can be obtained on the Zr(IV) center through pH adjustment in 
aqueous solution allowing for the generation of species with different Zr(IV) to 
POM cage ratios. Zr(IV) ligand binding sites can be fully occupied in the 1:2 
Zr-POM [Zr(α2-P2W17O61)2]16- and progressively open in the 2:2 Zr-POM 
[{Zr(µ-OH)(H2O)(α2-P2W17O61)}2]14- and the 1:1 Zr-POM [Zr(H2O)3(α2-



P2W17O61)]6-. Reactivity of these species in solution and as solid substrates 
against neat chemical warfare agent simulants have been assessed and 
analysis of the reaction byproducts was performed with GC-MS. Analysis of 
the POM species was performed via 31P-NMR, FTIR, and Raman 
spectroscopies. The relative roles of open ligand binding sites on Zr(IV) 
centers and the presence of bridging hydroxyls in CWA simulant 
decomposition as well as surface analysis are discussed. 
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Delafossite CuBO2 nanoparticles as an efficient electrocatalyst for water 
splitting 
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Photocathodes made of p-type semiconductors have been the subject of a 
much fewer studies compared with those of n-type counterparts, with very few 
noticeable exceptions. One example is copper(I)-based delafossites with the 
general formula CuIMIIIO2, where Cu has an oxidation state of +1 and M is a 
metal cation with an oxidation state of +3. In a lookout for novel boron based 
delafossites for possible catalytic applications towards OER (oxygen evolution 
reaction) and HER (hydrogen evolution reaction), we explored 
CuBO2 nanocrystals. Here delafossite CuBO2 nanocrystals were prepared via 
a low-temperature facile hydrothermal synthesis at 200°C for an hour. To 
study the size effect of CuBO2 nanoparticles on its electrocataltyic behavior, 
anionic surfactant sodium dodecyl sulfate was introduced during the synthesis 
process. The crystal structure, morphology, oxidation states, electron 
configuration and electrical properties were analyzed using XRD, SEM, XPS 
and cyclic voltammetry (CV). Through cyclic voltammetry study it was found 
that the smaller CuBO2 nanoparticles have improved electrocatalytic activity 
due to the increased surface area. We also found out that the optimum SDS 
concentration was 10 mM to give the best catalytic yield. We would like to 
explore the effect of pH, change of surfactant, morphology of nanoparticles on 
the electrocatalytic behavior of CuBO2. It is believed that these 
CuBO2 materials will be used for OER and HER applications for water splitting 
among others due to their high photoelectric catalytic efficiency. 
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Dynamic behavior of thermotropic liquid crystals in coaxial electrospun 
polyurethane nanofibers 
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The development of elastic, fibrous materials that contain responsive optical 
materials has potential to contribute to the growing fields of wearable 
electronic devices and dynamic responsive materials. The encapsulation and 
control of thermotropic liquid crystals within elastomeric polyurethane coaxial 
nano- and micro-fibers is presented. Coaxially electrospinning, a relatively 
simple nano-fabrication technique, was employed to introduce thermotropic 
liquid crystals, including 4-cyano-4’-pentylbiphenyl, into polyurethane 
nanofibers. Effects of confinement, polymer surface energy, and fiber 
diameter on the director orientation and transition temperatures of the internal 
liquid crystal were evaluated with DSC, polarized light microscopy, and 
Raman microscopy. Polarized light microscopy equipped with a thermal stage, 
as well as a custom built mechanical actuation stage, afforded dynamic 
analysis of the liquid crystal-polymer fibers. Stress-strain behavior of the 
materials were characterized by dynamic mechanical analysis. The interplay 
between confinement and interfacial ordering on the optical and thermal 
properties of the encapsulated liquid crystals are discussed. 
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Nanoparticle supercluster formation within crosslinked nanoparticle 
films: The impact of embedded, coordinating functional groups in 
crosslinking ligands 

Jennifer A. Dahl, dahljenn@uwec.edu, Abraham J. Dickenson, Madisyn R. 
Hammick, Amy L. Aakhus. Chemistry, University of Wisconsin-Eau Claire, 
Eau Claire, Wisconsin, United States 

Due to their labile ligand shell, phosphine-capped metal nanoparticles readily 
participate in ligand exchange reactions. Such particles are easily assembled 
into 2-d arrays that can be crosslinked with difunctional molecules, such as 
alkanedithiols, to form flexible films. However, the use of dithiols bearing 



embedded, polar functional groups was found to induce the formation of 
nanoparticle superclusters within the films, transforming the average size of 
the gold core from 1.4 to 5.0 nm. Dithiols with a range of embedded functional 
groups (either amides, esters, or ethers) were synthesized and evaluated for 
their abilty to produce secondary superclusters in 2-d nanoparticle arrays, 
potentially providing a simple route to creating flexible films of metal 
nanoparticles with larger core sizes (and thus, different optoelectronic 
properties) from smaller, more reactive nanoparticle precursors. 
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Interparticle spacing in 2-d arrays of covalently-crosslinked, thiol-
capped gold nanoparticle films: A function of native ligand shell rigidity, 
length of crosslinking ligands, and deposition orientation 

Jennifer A. Dahl, dahljenn@uwec.edu, Muriel M. Metko, Zachary S. 
Walbrun. Chemistry, University of Wisconsin-Eau Claire, Eau Claire, 
Wisconsin, United States 

A series of alkanethiol-capped gold nanoparticles were prepared by the Brust 
route, differing only in the length (L) of the alkyl chain of the thiol. The particles 
were compressed into 2-d arrays with the aid of a Langmuir trough, and 
covalently crosslinked upon the introduction of a solution of alkanedithiols, 
yielding a flexible film of nanoparticles. It was found that, for films of 
nanoparticles with softer, liquid-like native ligand shells, the interparticle 
spacing within the finished array was dictated by the length of the incoming 
crosslinking agent. Conversely, nanoparticles with rigid, semi-crystalline 
native ligand shells maintained predictable interparticle spacings of 2L, in 
accord with the thickness of the ligand shell. Lastly, when the crosslinked 
nanoparticle films were transferred to a substrate by Langmuir-Blodgett 
deposition, interparticle spacing was maximized along the path of deposition, 
and minimized in the perpendicular, suggesting that deposition orientation has 
further impacts on film morphology. 
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Dietary fiber polymers, like cellulose, present positive physiological effects in 
the gastrointestinal tract. They are known to lower blood cholesterol levels, a 
risk factor associated with cardiovascular disease (CVD). One of the 
mechanisms behind lowering blood cholesterol levels is fiber’s ability to 
interfere with lipid digestion and absorption through interactions with bile salts 
(BS). BS, biosurfactants synthesized from cholesterol, play critical roles in 
lipid digestion; one of which is they adsorb onto lipid droplet surfaces, which 
initiates the enzymatic hydrolysis of triglycerides (lipolysis). Cellulose 
derivatives may delay the rate of lipolysis by adsorbing onto lipid droplet 
surfaces, thus hindering BS adsorption to the interface. Cellulose derivatives 
may also bind to BS in the duodenum, causing BS to be sequestered and 
excreted, resulting in more BS being synthesized from blood cholesterol. 
However, the precise nature of these physiological mechanisms remains 
unclear and cellulose’s efficacy to interfere with lipid digestion depends on the 
cellulose type and BS concentration. The objective of this study is to design 
novel cellulosic nanoparticles that have greater functionality than commercial 
cellulose derivatives to control BS binding/adsorption at high BS physiological 
concentrations and at minimum cellulose concentrations. Amphiphilic 
derivatives of hydroxypropyl cellulose (HPC), with a carboxyl or lithocholic 
acid functional group, have been prepared through novel, mild, versatile olefin 
cross-metathesis chemistry. Structural differences in these selected 
amphiphiles will allow us elucidate the key structure-property-performance 
relationships of the novel cellulosic nanoparticles. Techniques such as QCM-
D and SPR have been used to examine the surface interactions and binding 
ability of the nanoparticles and endogenous BS at the interface or in the bulk. 
These findings will provide valuable information on how cellulose can be 
tailored and exploited into both novel food and pharmacological matrices to 
control CVD. 
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Noble-metal nanomaterials exhibit fascinating optical and catalytic properties, 
which are considered as promising candidates in wide applications, such as 
electrochemical catalysis. To date, considerable efforts have been devoted 
into the synthesis of various noble-metal nanomaterials with controllable size, 
shape and architecture. Nevertheless, their crystal-phase controlled synthesis 
is still in its infancy. 
Herein, for the first time, we successfully synthesized high-purity (>98%) Au 
nanorods (NRs) with alternating 4H/face-centered cubic (fcc) crystal-phase 
heterostructures via a facile one-pot wet chemical method. The as-prepared 
4H/fcc Au NRs exhibit high stability in retaining their phase and morphology, 
rendering themselves a good template for crystal-phase-controlled epitaxial 
growth of other metals. As an example, bimetallic 4H/fcc Au@Pd core-shell 
NRs are synthesized via the epitaxial growth of Pd on 4H/fcc Au NRs. As a 
proof-of-concept demonstration, the as-prepared 4H/fcc Au@Pd core-shell 
NRs show excellent electrocatalytic activity and enhanced stability towards 
the ethanol oxidation reaction (EOR). Significantly, the 4H/fcc Au@Pd NRs 
show superior mass activity, which are 6.2 and 4.9 times those of commercial 
Pd black and Pt/C catalysts, respectively. 
To highlight, our crystal phase-controlled synthetic strategy may shed light on 
phase engineering of noble-metal nanostructures to enhance their catalytic 
performance. Besides, we believe that the crystal phase-heterostructured 
4H/fcc Au NRs could serve as a universal template for phase-controlled 
growth of other metals to form novel crystal-phase-heterostructured bi-/multi-
metallic nanostructures for various promising applications. 
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Many chemical processes rely on interactions with surfaces, such as 
heterogeneous catalysis and crystal nucleation. Rapid advancements in 
technologies that utilize these processes have generated a demand for 
increasingly intricate surface engineering and ever more efficient production 
processes. The objective of this study was to develop a general method for 
producing functionalized elastic surfaces, the chemical behavior of which may 



be easily modified by mechanically stretching or compressing the material to 
change the density of the functional groups. Previous surface modifications 
have been almost exclusively on rigid supports. When they have been used 
on mechanically tunable surfaces, they have been limited to a few functional 
groups. In this study, the prototypical elastic polymer polydimethylsiloxane 
(PDMS) was functionalized using a copper-catalyzed azide-alkyne 
cycloaddition. First, the surface was oxidized, then an azide-substituted silane 
was covalently linked to the surface. Finally, copper-catalyzed click chemistry 
was used to derivatize the surface with the R group of a substituted alkyne. 
Carboxylic acid, amine, and ester functionalized surfaces were formed and 
characterized by SPR-enhanced ATR-FTIR spectroscopy and contact angle 
measurements. This surface modification is a simple, robust procedure that 
can access a wide variety of functional groups, most of which may be found in 
commercially available alkynes. 
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Programing the microdynamics of an active particle: From linear to 
helical trajectories 

Jin Gyun Lee, jlee229@lsu.edu, Bhuvnesh Bharti. Department of Chemical 
Engineering, Louisiana State University, Baton Rouge, Louisiana, United 
States 

In nature, flagellated microorganism and spermatozoa self-propel along 
helical trajectories using the organized beating of their flagella. Fabricating 
artificial materials capable of mimicking this 3D active motion holds the key to 
design future micro-robots capable of navigating through complex biological 
environments such as tissues. Present studies have reported a large variety 
of active colloids capable of self-propelling along linear paths, but no report is 
available on programming the motion of particles along a helical path. The 
challenge of navigating colloids along helical trajectories originates from the 
fact that this mode of particle motion requires coupling of force and torque. 
Here, we present a new class of metallodielectric colloids that can be 
programmed to navigate through 3D helical trajectories. An external AC-
electric field is used to induce active helical motion in a spherical particle with 
a triangular metal patch. The patch symmetry allows to simultaneously propel 
and rotate the particle in 3D, resulting into the observed helical motion. Here, 
we explore the effect of particle diameter, surface patch size and patch 
symmetry on the angular velocity, diameter and handedness of the helical 
trajectory. We demonstrate that the handedness of the helical path can be 
programed by changing the relative orientation of the colloidal particles using 



external magnetic fields. In addition, we demonstrate that the helical motion 
allows the particles to navigate through crosslinked membranes, which 
otherwise is not possible for linearly moving particle. Our new approach 
promises engineering the non-linear motion of anisotropic patchy 
microspheres in three-dimensional space allowing to develop next generation 
of particle based active structures. 
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Investigating the effects of controlled lateral confinement width and 
surface chemistry on surfactant adsorption onto silica using AFM 

JJ Hamon3,4, jjhamon16@gmail.com, Brian P. Grady1, Alberto Striolo2, Rico 
Tabor4. (1) Univ of Oklahoma, Norman, Oklahoma, United States (2) 
Department of Chemical Engineering, University College London, London, 
United Kingdom (3) Chemical, Biological and Materials Engineering, 
University of Oklahoma, Norman, Oklahoma, United States (4) School of 
Chemistry, Monash University, Clayton, Victoria, Australia 

Controlled lateral confinement was investigated using force curve data 
collected on surfactant adsorbed to patterned surfaces using an atomic force 
microscope (AFM). Confinement was induced using nano-trenches with silica 
at the bottom, and walls of either pure polymethyl methacylate (PMMA) or a 
copolymer of PMMA and methacrylic acid (MAA) to vary hydrophobicity. From 
the force curves we showed that surfactant adsorbed within trenches were 
affected by the polymer chemistry but there was no observable effect caused 
by the trench dimensions down to 30 nm of confinement. Pillar type structures 
were also used to induce confinement through a lack of surface area and 
various pillar shapes were used in the mapping to study the effects of the 
pillar edge proximity on the adsorbed surfactant. Comparisons were then 
made between the trench and pillar results to images and values collected on 
flat surfaces. The ultimate goal of this research is to compare the results 
found using these nano-structures with molecular dynamics simulations 
performed using similar geometric confinement. 
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Transfection of unmodified microRNA via ammonium-terminated gold 
nanoparticles as a platform 

Johnson Hoang2, jhoang@central.uh.edu, Sagar Patil2, Tingting Liu1, Asha 
Palat2, Preethi Gunaratne2, T Randall Lee1. (1) Chemistry and Chemical 



Engineering and the Texas Center for Superconductivity, University of 
Houston, Houston, Texas, United States (2) Biology& Chemistry, University of 
Houston, Bellaire, Texas, United States 

This presentation describes the formation of a layer-by-layer gold nanoparticle 
transfection delivery system with the capability of delivering non-coding 
microRNA (miRNA) into the osteosarcoma (HOS) cell line. Two distinct 
ammonium-terminated alkanethiols were used to generate self-assembled 
monolayers on gold nanoparticles, which provided the platform for 
electrostatic interaction of microRNA (miRNA). The uniquely designed 
ammonium-terminated gold nanoparticles (AuNPsAM) and their miRNA 
adducts (AuNPsAM-miRNA) were characterized by dynamic light scattering 
(DLS), transmission electron microscopy (TEM), ultraviolet-visible 
spectroscopy (UV-vis), X-ray photoelectron spectroscopy (XPS), zeta 
potential (ζ-potential) measurement, and gel retardation assay. To quantify the 
presence of miRNA transfected into HOS cells, we initially determined the 
presence of miRNA through quantitative polymerase chain reaction (qPCR) 
and fluorescent microscopy. We also investigated the cytotoxicity by MTS 
assay of the AuNPsAM-miRNA nanoparticle composites. The overall analysis 
indicated a successful development of a composite nanoparticle system 
capable of delivering miRNA into the HOS cell line. 
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Surface plasmons to Zika virus detection: Detection of NS1 protein 
utilizing localized surface plasmon resonance and surface plasmon 
resonance spectroscopy 

Jonnatan J. Santos1, jonnatan@iq.usp.br, Raísa L. Silveira1, Sergio H. 
Toma1, Koiti Araki1, Alexandre G. Brolo2, Paola Corio1. (1) University of São 
Paulo, São Paulo, São Paulo, Brazil (2) Dept of Chemistry, University of 
Victoria, Victoria, British Columbia, Canada 

Tropical diseases have become a problem in the last years, not only in 
tropical countries but also around the world. Recently, it was discovery that 
Zika virus is responsible for microcephaly in fetus, increasing worries about 
this disease. 
Zika virus detection is based on its RNA by polymer chain reaction (PCR), 
which can be expensive and laborious. The utilization of gold nanoparticles 
appears as an alternative, once surface plasmons are susceptive to dielectric 
changes. Methods to isolate antibody or antigen have already been 
developed, and both biomolecules can be used to modify metallic surfaces 



and used as probes. Considering gold nanoparticles and gold nanometric 
films as alternatives to detect Zika virus, we modified gold nanoparticles with 
Zika virus antibody and we utilized two different strategies to observe Zika 
antibody-NS1 protein interaction. In the first case, to two different gold 
nanoparticles suspensions modified with Zika virus antibody ([AB]= 
0.01µg/mL) were added bovine serum albumin (BSA) ([BSA]= 0.01 µg/mL) 
and Zika virus NS1 protein ([NS1] 0.01µg/mL) as can be seen in the Figure 
1A. This approach allowed the detection of the antibody-NS1 interaction by 
plasmonic coupling among nanoparticles, while BSA (a common protein in 
blood and potential interferent) does not present same behavior. In the 
second case, NS1 protein was utilized to modify SPR gold film, and the gold 
nanoparticles with antibody were interacted with this film as well antibody 
without any modification. The interaction NS1 protein-antibody is observed by 
angle shifting seen by SPRS, as shown in Figure 1B. SPRS measures 
indicate that binding of AB to AuNps surface decreases around 15 % of AB-
NS1 interaction. These factors indicate that gold nanoparticles can be used to 
detect Zika virus NS1 protein and suggest a possibility to use these methods 
as alternatives to detect Zika virus. 

 
 
(A) UV-Vis spectra of the gold nanoparticles (A) modified with Zika antibody 
(black), modified with Zika antibody after be added BSA (red) and modified with 
Zika antibody after be added NS1 protein and (B) SPR spectroscopy curves obtained 
by the interaction of NS1 protein 
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Effects of analyte-induced DNA aptamer conformational changes in 
aptasensors response 

Jorge L. Chavez1, jlcb1901@gmail.com, Peter A. Mirau1, Joshua N. Yoho3, 
Joshua E. Smith2, Ashley Wissel4, Joshua A. Hagen1, Nancy Kelley-
Loughnane1. (1) 711th Human Performance Wing, Air Force Research 
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Alvernia University, Reading, Pennsylvania, United States (3) University of 
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Engineering, Purdue University , West Lafayette, Indiana, United States 

DNA aptamers have been utilized in different detection schemes, resulting in 
sensing platforms with great sensitivity and selectivity. Typically, the binding of 
the aptamer to the target is proposed to occur through a conformational 
change that is engineered to result in a signal that can be measured and 
quantified. Gold nanoparticle aptasensors (Apt-AuNPs) are particularly 
attractive due to their ease of preparation and their versatility to detect 
different types of analytes from small molecules to whole cells. Apt-AuNPs are 
designed by adsorbing an aptamer on the AuNPs surface which stabilizes the 
nanoparticles. Analyte binding by the aptamer disrupts the aptamer-AuNPs 
interactions and therefore affects the AuNPs’ plasmonic response. Despite 
their popularity, no solid evidence of the aptamer conformational changes that 
is proposed to occur on the surface of the Apt-AuNPs has been 
experimentally demonstrated. In this work, we used a combination of 
techniques, including nuclear magnetic resonance, UV-vis and fluorescence 
spectroscopy, and dynamic light scattering to monitor the molecular changes 
the aptamer experiences through the sensing mechanism and their effect on 
particle stability and overall assay response. Our results show that a dramatic 
change in conformation of the aptamer upon analyte binding is not necessary 
to obtain a plasmonic response, and that the final assay response depends 
critically on the thermodynamics involved in the interactions between the 
aptamer/AuNPs surface and the aptamer/target. 
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Indolicidin as a model antimicrobial peptide: investigating their 
interactions with lipid vesicles and supported bilayers 

Josefine E. Nielsen1, j.e.nielsen@kjemi.uio.no, Victoria Ariel Bjørnestad1, 
Tania Lind2, Håvard Jenssen3, Marite Cardenas2, Reidar Lund1. (1) 



Department of Chemistry, University of Oslo, Oslo, Norway (2) Department of 
Biomedical Sciences and Biofilms, Malmö University, Malmö, Sweden (3) 
Department of Science and Environment, Roskilde University, Roskilde, 
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Indolicidin is a relative small 13-residue antimicrobial peptide that exhibits 
activity against Gram-positive and Gram-negative bacteria, as well as fungi. 
The basis for its antimicrobial action is believed to be membrane disruption. 
Indolicidin in a useful model peptide because it is non-structured, and has 
both hydrophobic properties due to the tryptophan residue and is charged due 
to its alkaline residues, resulting in interactions with a broad range of lipids. 
We have investigated how Indolicidin interact with lipid vesicles and the 
surface of lipid bilayers consisting of different lipids (with altering charge 
density) using different techniques including Small Angle X-ray scattering 
(SAXS), Quartz Crystal Microbalance with Dissipation monitoring (QCM-D), 
Nano- Differential Scanning Calorimetry (DSC) and Dynamic Light Scattering 
(DLS). 
SAXS experiments has shown that Indolicidin interacts with a model cell 
membrane causing a change in the contrast of the bilayer. Based on analysis 
of the results we can see that the peptide does not seem to affect the 
structure of the bilayer significantly, but situates in the interface between the 
lipid head group and the tail in the outer leaflet in the bilayer. 
This is further supported by DSC where a shift and broadening of the melting 
lipid temperature upon addition of the peptide is observed. This indicates an 
associated disordering of the packing of the lipid tails in the bilayer of the 
vesicles. QCM-D experiments further confirms the disruption of the bilayer but 
also suggest removal of lipids upon flushing peptide solution over the bilayer 
surface. 
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Formation of tethered lipid nanotubes on cellulose paper 

Joseph Pazzi, jpazzi@ucmerced.edu, Anand B. Subramaniam. Department 
of Bioengineering, University of California, Merced, Merced, California, United 
States 

Lipid nanotubes are highly-curved 1-dimensional lipidic structures with 
diameters ranging from 50 - 200 nanometer and lengths that can approach 
millimeters to centimeters. In vivo, among other functions, lipid nanotubes 
have been discovered to be involved in cell-to-cell communications. In vitro, 
nanotubes pulled from giant vesicles have been used to study the effect of 



curvature on the binding and segregation of membrane proteins. 
Spontaneously formed nanotubes are untethered. The ‘softness’ of the lipid 
membrane results in thermal fluctuations that causes the tubes to translate 
rapidly from the imaging plane of a high resolution confocal microscope. This 
poster reports our groups work to controllably produce lipid nanotubes 
spanning distances of hundreds of micrometers tethered at both ends on 
cellulose fibers of filter paper. The nanotubes, though exhibiting thermally 
excited undulations, can be interrogated with high resolution confocal 
microscopy due to the spatial invariance of both ends of the tubes. Cellulose 
paper supported lipid nanotubes thus offers a platform for studying nanoscale 
lipid phenomena in an experimentally tractable platform. 
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Facilitating targeted drug screening: A nanosensor quantifies 
metabolite-enzyme interactions at the single molecule level 

Justin Cheung, justinc1863@yahoo.com, Rune Frederiksen, Daniel 
Heller. Memorial Sloan Kettering Cancer Center, New York, New York, United 
States 

Enzyme-metabolite interactions are an important facet within molecular and 
cell biology. Many drugs have been designed to target these interactions. 
However, quantifying enzyme-metabolite interactions for drug testing are often 
both labor intensive and require complex radiolabeling. This investigation 
reports on the novel development of a versatile nanoscale sensor to quantify 
levels of enzyme-metabolite interactions. The sensor exploits the unique 
optical properties of carbon nanotubes, which is modulated in response to 
changes in its local environmental milieu. The developed nanosensor was 
able to selectively detect metabolites of the investigated enzyme. 
Furthermore, enzyme-metabolite affinity was studied from kinetic 
measurements across varied metabolite concentrations. The nanosensor was 
further applied at the single molecule level, and demonstrated that responses 
seen at the single nanosensor level often mirrored those in the bulk. In 
addition, the drug screening capability of the nanosensors was confirmed via 
screening a library of inhibitors of the investigated enzyme. Drug potencies 
were obtained for a wide variety of inhibitors, giving IC50 values which agree 
with those reported in the literature. Thus this novel nanosensor presents as a 
valuable platform where enzyme inhibitors can be characterized in real time 
via the sensor’s optical responses. Additionally, the single molecule sensitivity 
of such a platform highlights the sensor’s potential utility in in vitro metabolite 
mapping of single enzymes. Interchangeability of the nanosensor enzyme 



gives promise that the nanosensor platform could easily be repurposed to 
study the inhibitors and pathways of a wide variety of biologically and 
medically relevant enzymes. 
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Design and synthesis of multifunctional tungsten sulfide quantum dots 
for cellular imaging of targeted triple negative breast cancer cells 

Kaelin Gates, kgates1288@gmail.com, Avijit Pramanik, Paresh C. 
Ray. Physics, Chemistry and Atmospheric Science, Jackson State University, 
Jackson, Mississippi, United States 

Triple negative breast cancer is a subtype of cancer in which the cells’ growth 
is unreliant on the three receptors (estrogen, progesterone, and HER2). This 
means that the only available way to treat this cancer is chemotherapy. 
Cancer cells have different characteristics that separate them from normal 
cells. Cellular targeting techniques use these characteristics to clearly 
distinguish the cells. Imaging through fluorescent nanoparticles is one of the 
ways to target specific cells and mark them. We have designed multifunctional 
fluorescent tungsten sulfide quantum dots for this purpose. 
For this research, we will use ferritn to detect the triple negative breast cancer 
cells by conjugating the protein with the quantum dots. Ferritin is a storage 
protein for iron that can be used to detect cancer cells. The quantum dots 
have been synthesized using the hydrothermal method and have fluorescent 
properties. Spectroscopic data was collected for the quantum dots to support 
this scheme. Toxicity and cell viability experiments have been considered in 
preparation of quantum dots. 
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Hybrid lipid-coated gold nanoparticles for studying axonal transport 
mechanisms in the retina 

Karen Kinnison1, kkinn2@pdx.edu, Laura J. Wilsey2, Brad B. Fortune2, 
Marilyn R. Mackiewicz1. (1) Chemistry, Portland State University, Beaverton, 
Oregon, United States (2) Devers Eye Institute, Legacy Health, Discoveries in 
Sight Research Laboratories, Portland, Oregon, United States 

Glaucoma is the leading cause of blindness in persons between the ages of 
40-80 as of 2013 and is estimated to affect about 76 million people worldwide 
by 2020. Current standard-of-care approaches to glaucoma diagnosis and 



management are limited because they are based on detecting loss of vision or 
axons, an irreversible change. Newer modalities are required to detect the ill 
health of axons at earlier stages of degeneration where intervention might 
rescue and/or reverse disease progression. Similarly, new therapeutic 
approaches are needed in order to intervene during these earlier stages. This 
will also require improved understanding about the sequence of early-stage 
pathophysiological changes, such as axonal transport disruption within retinal 
ganglion cells (RGCs), whose axons form the optic nerve and which are the 
primary cells damaged by glaucoma. Hence, it is critical to develop in 
vivo assays of axonal transport that can be used in laboratory models and 
pre-clinical studies and which can also be used to inform emerging, novel 
clinical imaging techniques. Currently, only histopathological methods are 
available, which is time-consuming and requires large numbers of animals. 
Here we will discuss hybrid lipid-coated gold nanoparticles (AuNPs) as probes 
for tracking axonal pathways in the retina in vivo, as well as potential drug 
delivery vehicles. Using confocal microscopy, we will show that cellular uptake 
in RGCs is dependent on the surface architecture of the AuNPs. We expect 
that when combined with optical imaging technologies, these nanoprobes can 
be markers that can be used by researchers to track axonal transport in the 
retina.  
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Self-assembly, gelation studies and mechanotropic properties of 
molecular gels based on N-phenyloctadecanamides as gelators 

Katelyn Galinat, kgalinat@ggc.edu, Emina Begovic, Ajay V. Mallia. School of 
Science and Technology, Georgia Gwinnett College, Lawrenceville, Georgia, 
United States 

We report the properties of molecular gels based N-phenyloctadecanamide 
and N-(4-halophenyl)octadecanamides (X = F, Cl, Br and I) as low molecular 
mass gelators. Structure and properties of the molecular gels have been 
investigated using thermal, spectroscopic and rheological techniques. 
Comparison and correlation of the molecular structures of these gelators and 
the properties of their gels using critical gelator concentrations and gel melting 
temperatures will be presented. Some of the molecular gels have been found 
to be thixotropic and recover a large part of their viscoelasticity being 
destroyed by excessive strain shearing. 
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Machine learning dataset and model applied to calculating the Flory-
Huggins  parameter 
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Modern computational-chemistry software suites are proven to have powerful 
predictive capacity. However, many methods remain time consuming and 
labor intensive for the analysis of new systems. Machine learning (ML) 
provides an alternative computing technique that has the potential to cut 
computational cost while maintaining comparable accuracy. Machine learning 
models have already been used to predict electronic properties of small 
organic molecules. We have previously demonstrated a computational 
modeling method for determining the Flory-Huggins  parameter between 
polymers that uses a suite of molecular modeling software. This software suite 
uses ab initio methods, DFT calculations, and MD simulations to generate 
molecular geometry and miscibility data. The output is the  parameter 
between two small molecules. We propose that it is possible to use a neural 
network to replace the blends modeling software in this method. A primary 
challenge in machine learning for chemistry is the meaningful representation 
of molecules in a dataset. Therefore, our focus will be to generate a molecular 
dataset that can successfully train an ML model to predict  parameters, 
following the example of Montavon et al. (New Journal of Physics, Vol 15, 
2013). The ML model would intake Cartesian coordinates and partial atomic 
charges of each atom in a pair of molecules, and output the  parameter for 
that pair. We will generate a preliminary neural network to test our dataset that 
will be expanded upon in future work. This dataset and model will provide a 
foundation for efficiently determining the interaction between new systems of 
polymer molecules. 
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STEP: Revolutionizing FRET measurement 

Kiernan Akers, kakers@mail.stmarytx.edu. St. Mary's University, Converse, 
Texas, United States 



Energy transfer is the interaction between one substance that has reached an 
elevated energy level and another substance that will absorb this energy. One 
special form of energy transfer worthy of interest is Forster resonance energy 
transfer (FRET). This is a mechanism that describes energy transfer between 
two light reactive molecules. FRET is measured by utilizing fluorescence 
spectroscopy and Sample transmitted excitation photoluminescence (STEP) 
is a revolutionary technique to measure FRET. STEP works by measuring the 
variation of fluorescence intensity of an acceptor compound using multiple 
donor compounds. The main point of this project was to develop a newer, 
overall superior method of measuring FRET (non-radiative energy transfer). 
The way we measure FRET with STEP is by analyzing the change in the 
acceptor dye’s fluorescence utilizing a donor filter to block out the donor from 
becoming excited. Two systems were used to validate the concepts of STEP. 
The first system is a complex of Calmodulin with two cyanine dyes, a complex 
used by conventional FRET measurement methods. The second system is a 
complex of DNA with four cyanine dyes. This system was devised to validate 
that STEP can be used to measure energy transfer with multiple donor dyes. 
We observed that STEP is not only on par with conventional methods of 
measuring FRET, but it is in all ways superior than these older methods. 
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Unidirectional wetting phenomenon on the snake scales 
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Livings in nature have unique surface morphology and/or chemistry to perform 
special function, including wetting properties. For instance, peristome 
of Nepenthes alata has sharp edges facing the same direction, which help to 
transport liquid in one direction by both capillary rise effect and pinning effect. 
This nature functions offered excellent applications as anti-wetting or fluidic 
materials in various fields. Thus, discovery of novel wetting properties in 
nature is quite crucial to open opportunities to develop novel functional 
materials. 
Here, we discover nature phenomenon that Lampropeltis 
pyromelana (Arizona Mountain Kingsnake) performs unidirectional water 
spreading property on the ventral scales. When a water droplet is settled on 



the scales and the volume of water is increased, the droplet was pinned at a 
scale edge but spread in the direction of snake head (see Figure). The unique 
wetting property is owing to anisotropically aligned sharp structures on the 
snake scales. The edges prevent backflow of water by pinning force and help 
water spreading in the head direction by capillary rise effect. Furthermore, 
bioinspired by the morphology of L. pyromelana, we design a unidirectional 
wetting surface using 3D printing process. We expect that the unidirectional 
wetting property can contribute to develop fluidic systems such as self-
lubrication and non-powered liquid delivery. 
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Preparation of monodisperse, supported nanoparticles with switchable 
surfactants 

Kristin Bryant, kristin.bryant@wsu.edu. Chemical Engineering, Washington 
State University, Pullman, Washington, United States 

The preparation of monodisperse supported nanoparticle catalysts remains a 
non-trivial task. Organic surfactants are often required to limit growth and 
control the size of the nanoparticles during synthesis. Calcination is typically 
required following the deposition of the particles onto a catalyst support to 
remove the surfactant and activate the catalyst. In general, this calcination 
causes significant and unpredictable growth of the nanoparticle, undoing the 



monodispersity maintained during the synthesis. The undesired growth 
additionally leads to a decline in the catalytic activity of the nanoparticles due 
to a loss in surface area. We present the use of switchable surfactants (SwiS) 
for the preparation of monodisperse, supported nanoparticles. SwiS are 
molecules that undergo reversible, physical changes in response to an 
external stimulus. The SwiS can be “turned-on” to template nanoparticles 
during synthesis and then “turned-off” to release bare nanoparticles for 
deposition onto a catalyst support. The templating synthesis via a 
hypothesized reverse-micelle process allows for the production of 
monodisperse nanoparticles controllable by varying the size of the SwiS or the 
continuous phase. Nanoparticle size has shown to increase as the alkyl chain 
length of the SwiS is increased. The template is disassembled by reversal of 
the SwiS by simply heating the solution to drive off the CO2 in the presence of 
a catalyst support. The deposition of bare nanoparticles allows for the 
formation of highly active supported nanoparticles that do not require 
calcination thus maintaining monodispersity as shown by analysis with 
transmission electron microscopy (TEM). Supported gold nanoparticles 
prepared using SwiS are more active in the hydrogenation of 4-nitrophenol 
than their traditionally prepared counter-parts while requiring less processing 
thus maintaining the size of the nanoparticle catalysts throughout the 
preparation. Additionally, supported nanoparticles prepared with SwiS are 
significantly more resistant to sintering than their traditionally prepared 
analogs. 
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Organonitrogen pesticides are currently amongst the most prevalently 
employed pesticide classes. However, little is known about how interactions 
with, and modifications catalyzed by, leaf and soil surfaces affect their 
environmental fate. Here, two such pesticides, carbaryl and propoxur, are 
studied via SFG vibrational spectroscopy at the air/solid interface after being 
deposited on a fused quartz substrate. This serves as a model system for soil 



silica, with the aim of elucidating their binding motifs, molecular orientation, 
desorption liability, and to further explore an observed difference in their 
propensity to self-aggregate into supramolecular oligomers despite being 
similar in structure and composition. 
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Reliable synthesis of block copolymer templated bimetallic 
nanoparticles 

Liam Knight, knightl8@wwu.edu. Chemistry, Western Washington University, 
Bellingham, Washington, United States 

The development of cheaper and easier to manufacture direct methanol fuel 
cells (DMFC) is an important step towards a methanol economy, and towards 
a reduced dependence on fossil fuels. Platinum plays a crucial role as a 
catalyst in DMFC devices but is expensive, is prone to CO poisoning, and 
suffers from other significant disadvantages when used as a monometallic 
catalyst. Block copolymers (BCP) offer an effective and accessible means of 
constructing thin layer multi-metallic catalysts with tunable nanomorphologies. 
While the loading of single metals onto BCPs has been proven, the ability to 
precisely load two or more metals at a desired ratio with a high degree of 
repeatability is of importance if this technology is to make it to large scale 
manufacturing. Through the characterization of device arrays via X-ray 
photoelectron spectroscopy (XPS), inductively coupled plasma mass 
spectrometry (ICP-MS), atomic force microscopy (AFM), transmission and 
scanning electron microscopy (TEM and SEM) the Rider group hopes to build 
a standardized model for tuning metal ratios in bimetallic nanoparticles. 
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Studies of single-site catalysts on powdered oxide support through self-
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Linxiao Chen2, linxchen@indiana.edu, Joseph McCann3, Steven L. Tait1. (1) 
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High levels of reaction selectivity for heterogeneous catalysis are generally 
difficult to achieve with traditional metal nanoparticle catalysts, due to the 
variety of metal biding sites available. Motivated by the desire towards uniform 
single-site metal centers, our group has been working on the self-assembly of 



metal-organic systems at surfaces. In our previous work, ordered 1D chains 
with an alternating metal-ligand structure were assembled by deposition of 
ligands (3,6-di-2-pyridyl-1,2,4,5-tetrazine, DPTZ, or 1,10-phenanthroline-5,6-
dione, PDO) with co-deposited metals (Pt, V, Cr, or Fe) (JACS 2014, 136, 
9862; JCP 2015, 142, 101913; JACS 2015, 137, 7898; JPCC 2017, 121, 
13183). Metal atoms are oxidized into divalent or trivalent ions, and stabilized 
in the binding pocket between two ligands, so that each metal center has an 
identical chemical environment. Here, a novel solution-phase self-assembly 
strategy was developed to synthesize similar single-site catalysts on high-
surface-area powdered oxide supports. Various techniques, such as XAS, 
XPS, XRD, TEM, DRIFTS, and CO adsorption were then applied to 
characterize these catalysts. We have shown that the metal-ligand redox self-
assembly occurs on the oxide supports and that the competition among metal-
ligand-support interactions is crucial to determine the resulting structure. 
Therefore, we are able to manipulate the structure and distribution of metal 
centers by varying the choice of ligand (DPTZ or PDO), metal (Pt or Fe), 
support (Al2O3, MgO or CeO2), and synthetic method (one-step or two-step). A 
highly uniform single-site chain catalyst was obtained using Pt, DPTZ and 
MgO in a one-step synthesis. Ongoing studies are working to test the 
performance of these single-site catalysts in hydrosilylation reactions, as well 
as improve the thermal stability to broaden their applications in gas phase 
reactions. 
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Linxiu Zhao, zlx_chem@163.com, Huiru Gong, Jianlong Wang. North 
University of China, Taiyuan, China 

Gemini surfactant N,N′-bis(octadecyl)-1,4-benzene dimethylpropionate acid 
was synthesized from dodecylamine, methyl acrylate and 1,4-Bis -
(chloromethyl)-benzene (XDC) as raw material and trichloromethane as 
solvent. The chemical structure of the product was confirmed by 1HNMR 
and 13CNMR. The aqueous solution surface activity properties were studied 
and the results showed that when the pH are 8, 10 and 12, the critical micellar 
concentration (CMC) are 1.6×10-5 mol/L, 3.3×10-5 mol/L and 2.1×10-5 mol/L, 
surface tension (γCMC) are 32.39 mN/m , 33.24 mN/m and 36.94 mN/m, 
pC20 are 2.56, 2.14 and 2.09, excess adsorption amounts (Γmax) are 3.45×10-

6 mol/m2 , 3.97×10-6 mol/m2 and 4.34×10-6 mol/m2, the saturation adsorption 
areas permolecule (Amin) are 0.48 nm2, 0.42 nm2 and 0.38 nm2. The value of 



pC20 and Amin increased with the increase of temperature, but 
the Γmax decreased. 

 
Fig.1 pH titration curve of Gemini surfactant at 298K for a total concentration of 10 
mmolL-1 

 

 



Fig. 2 Curves of γ- lgc for gemini surfactant at different pH 
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Fluorescence detection of aggregation of chromonic dyes in the 
isotropic phase 

Liya Zhu, lzhu@g.hmc.edu, Kerry K. Karukstis. Harvey Mudd College, 
Claremont, California, United States 

The aggregation characteristics of azo chromonic dyes in liquid crystalline 
phases are generally studied using techniques such as X-ray diffraction, UV-
visible absorbance, and light scattering. These techniques often show little 
variation when monitoring aggregation at isotropic concentrations. As a novel 
means of characterizing the isotropic aggregation of chromonic dyes, our 
study uses fluorescence spectroscopic measurements based on the powerful 
spectral sensitivity of the fluorophore prodan (6-propionyl-2-(dimethylamino)-
naphthalene). This probe fluoresces at different wavelengths according to its 
microenvironment. Our investigations monitored the isotropic aggregation of 
four azo chromonic dyes that exhibit variability in the cross-sectional area of 
aggregates: methyl orange (MO), benzopurpurin 4B (B4B), sunset yellow 
(SY), and acid red 266 (AR266). Drawing parallels to our previous 
fluorescence explorations of the structure of surfactant micelles and reverse 
micelles, our investigations yield fluorescence spectra that distinguish 
between aggregates with unimolecular vs. multimolecular cross-sectional 
areas and also reveal evidence of hollow cylindrical structures. 

COLL 247 

Anti-biofouling studies of unsymmetrical oligo(ethylene glycol) 
spiroalkanedithiol self-assembled monolayer surfaces 

Lydia St2, lydiasthill@gmail.com, John Craft1, Pawilai Chinwangso1, Han Ju 
Lee3, Maria D. Marquez2, T Randall Lee1. (1) University of Houston, Houston, 
Texas, United States (2) Chemistry, University of Houston, Houston, Texas, 
United States 

Biosensors and biomolecular devices that undergo interfacial contact with 
biological environments are subject to biofouling. Commonly used strategies 
to prevent biofouling include modifying the surface with poly(ethylene glycol) 
(PEG) because of its outstanding protein-resistant properties. However, there 
is a continued need for improved materials that have improved anti-biofouling 



characteristics and are diverse in their potential applications. Coating surfaces 
with low molecular weight oligo(ethylene glycol) has also proven to be 
effective in protein resistance. This presentation describes the analysis of anti-
fouling properties of custom-designed, self-assembled monolayers (SAMs) on 
gold-coated surfaces. We compare the protein resistance of SAMs formed 
from unsymmetrical oligo(ethylene glycol) bidentate spiroalkanedithiol 
adsorbates to SAMs derived from the corresponding monodentate thiols. The 
interfaces were analyzed using electrical quartz crystal microbalance 
(eQCM), in-situ surface plasmon resonance spectroscopy (SPR), and atomic 
force microscopy (AFM). Each surface was evaluated for resistance to non-
specific protein adsorption using multiple proteins covering a range of sizes, 
charges, and hydrophobicities. The analyses indicate that the SAMs derived 
from the oligo(ethylene glycol) spiroalkanedithiols possess similar properties 
as those derived from the oligo(ethylene glycol) monodentate thiol. This work 
suggests that oligo(ethylene glycol) spiroalkanedithiols thin films, as surface 
coatings, are capable of generating protein-resistant surfaces that can be 
used to prevent biofouling. 

COLL 248 

Comparing full-wave optical modeling of plasmonic coupling within Au 
nanoparticle nanoring arrays to structures fabricated via particle 
lithography 

Maelani Negrito1, mnn004@tamu.edu, Matthew Sheldon2,3, James 
Batteas1,3. (1) Chemistry, Texas A&M University, Bryan, Texas, United States 
(2) Chemistry, Texas A&M University, College Station, Texas, United States 
(3) Materials Science and Engineering, Texas A&M University, College 
Station, Texas, United States 

Localized surface plasmon resonances (LSPRs) have the unique ability to 
concentrate light below the diffraction limit at subwavelength scales. 
Significant research has been devoted to tailoring this property for a wide 
array of applications via nanoparticle size, shape, and creating patterned 
arrays of nanoparticles. Notably, electromagnetic field enhancements (EFE), 
known as “hot spots”, have been found to occur at the corners and/or edges 
of the nanoparticles and between closely spaced nanoparticles. This field 
enhancement is ideal for applications such as sensors, nanoantennas, or 
waveguides. Several studies have focused on the production of solid ring 
arrays where there was a characteristic plasmon coupling over the entire ring 
structure resulting in an EFE at the center of the ring. However, these ring 
structures do not include an avenue for the particle-particle plasmonic 



coupling that provides the largest optical field enhancements. Here, a 
previously developed evaporative templating lithographic method was used to 
produce arrays of Au nanoparticle nanorings. By controlling the relative 
humidity with respect to the Au nanoparticle concentration, the magnitude of 
the capillary force produced by the evaporating solvent is greater than the 
sum of the opposing forces of friction, adhesion, and the double layer force 
allowing for the formation of rings of individual Au nanoparticles. The 
plasmonic coupling within these nanoring arrays was studied with dark-field 
scattering spectroscopy and full-wave optical simulations of the resulting 
optical properties using finite-difference time-domain (FDTD) software to 
explore the extent of interparticle coupling. These results demonstrate the 
traditional LSPR tuning parameters of ring diameter, thickness and aspect 
ratio with the added benefit of a particle-particle separation parameter. 
Moreover, the maximum EFE observed is greater than that of a solid ring 
structure, thus enabling an increased field enhancement compared to a 
contiguous metal nanostructure with an additional LSPR tuning parameter. 
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Toward greener synthesis of microcrystalline ZSM-5 zeolite catalyst and 
its application in biomass conversion 

Majid H. Nada2, majidhameednada-nada@uiowa.edu, Sarah C. Larsen3, 
Edward G. Gillan1. (1) Chem Dept, Univ of Iowa, Iowa City, Iowa, United 
States (2) Chemistry , University of Iowa, Iowa City, Iowa, United States (3) 
Chemistry, University of Iowa, Iowa City, Iowa, United States 

Crystalline microporous ZSM-5 zeolite is an important catalyst in industry that 
is used in a variety of applications and is synthesized in large quantities to 
meet the industry demand. However, the conventional methods to synthesize 
this catalyst are not sustainable because they require the use of large amount 
of solvent that has to be separated and discarded as liquid waste. The 
generated liquid waste has different types of chemical materials and is not 
environmentally friendly. Moreover, the use of large amounts of solvent 
increases the cost of the synthesis process, as it requires a very long 
synthesis time, high temperature, and large amount of starting materials, most 
of which are expensive such as the organic template. Therefore, finding more 
sustainable and environmentally friendly methods to synthesize this type of 
catalyst is demanding and has attracted the attention of catalysis researchers. 
In this project, we have focused on synthesizing ZSM-5 zeolite catalyst using 
a solvent-free synthesis method that involves solid-solid reaction between the 
solid raw materials. The two major advantages of using this method are a 



more sustainable, environmentally friendly process, and a high yield of 
product. We have successfully found a new approach to synthesize crystalline 
ZSM-5 zeolite catalyst by the solvent-free synthesis with very short synthesis 
time (6h), low temperature (165οC), less amount of organic template (5 wt.%), 
and high yield. In addition, this study used a systematic approach to study the 
effect of different variables such as synthesis temperature, synthesis time, 
amount of added template, grinding time, and the use of different types of 
starting materials. The obtained particles from each of synthesis studies were 
characterized with XRD, BET surface area, and SEM, respectively. The future 
direction of this project will focus on using the ZSM-5 catalyst synthesized by 
this method in biomass conversion applications. 
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Salt mediated synthesis and catalytic activity of para-mercaptobenzoic 
acid capped monolayer protected gold clusters 

Rachel E. Dufour, Mario G. Rodriguez, mgrodrig@my.loyno.edu, Christine L. 
Heinecke. Chemistry, Loyola University New Orleans, New Orleans, 
Louisiana, United States 

Monolayer protected gold nanoclusters are of considerable practical interest 
due to their applications in drug delivery and catalysis. Water-soluble, magic 
number gold nanoclusters can be generated using para-mercaptobenzoic acid 
as a capping agent, allowing for improved catalytic activities over larger, 
citrate stabilized nanoparticles. As a means to generate multiple differentially 
sized, ultra-small nanoclusters, we have investigated the role of various ionic 
compounds in controlling the size of para-mercaptobenzoic acid protected 
gold clusters. Additionally, we have investigated the catalytic activity of these 
clusters using a model reduction of 4-nitrophenol. 
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Designing immobilized radicals to improve dynamic nuclear 
polarization-enhanced MRI at 6.5 mT 

Mark D. Lingwood1, mark.lingwood@gmail.com, Katharine E. Maurey1, 
Griffin A. Shaw2, Alexander K. Sherman1, Matthew S. Rosen3,4. (1) Chemistry, 
Saint Mary's College of California, Lafayette, California, United States (2) 
Physics, Saint Mary's College of California, Moraga, California, United States 
(3) MGH/A.A. Martinos Center for Biomedical Imaging, Charlestown, 



Massachusetts, United States (4) Physics, Harvard University, Cambridge, 
Massachusetts, United States 

Magnetic resonance imaging (MRI) techniques present unique capabilities for 
monitoring biomedical flow and perfusion, but can suffer from a lack of 
sensitivity and contrast between flowing and static signal. Hyperpolarization 
techniques can greatly enhance the nuclear spin and thus MR signal of 
targeted substances, and Overhauser dynamic nuclear polarization (DNP) is 
the method most suited for continuous delivery/injection of water. Flow 
Overhauser DNP is performed by flowing water over immobilized radicals 
while saturating the electron spin transition with radiofrequency radiation, then 
filtering out the radicals to deliver pure hyperpolarized water to the MRI. An 
example image is attached (middle no DNP, bottom with DNP). The 
immobilized radicals lengthen the persistence of enhanced signal between 
DNP and MRI, and prevent transfer of radicals to the subject. 
 
The immobilized radicals, critical to the success of flow DNP MRI, have never 
been optimized, and remain the ‘weak link’ in demonstrating this method’s 
true potential. This is especially true for flow DNP MRI at lower magnetic field 
values, where signal enhancement and contrast should be much higher, but 
immobilized radicals are unexpectedly much less effective. Therefore, we 
have been developing new immobilized radical systems for application to flow 
DNP MRI at low magnetic fields. Currently, the best performing samples use 
nitroxide radicals (e.g., TEMPO) attached to use poly(vinyl imidazole) or 
poly(acrylic acid) polymers, which are then attached to agarose beads. 
However, improvements are ongoing. 
 
In this poster, we will detail our recent progress in synthesizing immobilized 
radicals for flow DNP MRI, along with measurements of parameters relevant 
to DNP for these samples to understand what drives DNP performance. 
Further, improved flow DNP MRI images will be shown, demonstrating MR 
images with improved signal and contrast of flowing water. 
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Aggregation of poly-(3-hexylthiophene) at solvent-solvent interfaces 

Marni Sapolsky, sapolskyms@g.cofc.edu, David S. Boucher. Department of 
Chemistry and Biochemistry, College of Charleston, Charleston, South 
Carolina, United States 

Recent experimental endeavors have shown that well-ordered poly(3-
hexylthiophene) (P3HT) assemblies formed in solution can improve the 
crystallinity and morphological uniformity of thin films and composites, thereby 
providing a promising new route to more efficient polymeric optoelectronic 
materials. In our group we use binary solvent mixtures composed of a good 
solvent (high P3HT solubility) and a poor solvent (low P3HT solubility) to 
direct the assembly of P3HT into aggregate nanostructures that have 
significantly different structural characteristics. By mixing the solvents in 
different proportions we tune the extent of aggregation and the structural order 
(crystallinity) of the aggregates. In this study, which uses chloroform as the 
good solvent and dichloromethane, n-hexane, and acetonitrile as the poor 
solvents, we use UV/Vis absorption spectroscopy to compare the effects of 
two methods to add the poor solvent: (1) rapid injection and (2) slow interfacial 
mixing. Our results show that modifying the interfacial area results in 
significant changes of the extent of aggregation and structural characteristics 
of the aggregates, and that the extent of these changes varies with the identity 
of the poor solvent. 
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Temperature-controlled nano-mite growth on fabricated plasmonic 
nanostructures 

Matthew A. Ticknor1, mat.ticknors@gmail.com, Cady A. Lancaster2, Jennifer 
S. Shumaker-Parry2. (1) Materials Science and Engineering, University of 
Utah, Los Alamos, New Mexico, United States (2) Chemistry, University of 
Utah, Salt Lake City, Utah, United States 

Metal nanoparticles exhibit localized surface plasmon resonance (LSPR), the 
collective oscillations of surface electrons due to interactions with an 
electromagnetic field. When focused into sharp points and high-aspect ratio 
branches, LSPR produces local electric field enhancements. Branched 
nanoparticles synthesized to take advantage of this enhancement have issues 
of aggregation in solution and top down approaches are expensive and time 
consuming. To balance these, nano-mite structures have been synthesized 
onto prefabricated substrates. Substrates are formed through the evaporation 
of gold through a polystyrene bead mask. Gold chloride is first reacted with 
HEPES and hydrochloric acid. Silver nitrate and ethanolamine are then added 
simultaneously in a one-pot synthesis procedure. When temperature is used 
to control nucleation and growing conditions, limited tuning of the structures is 
achieved. Nucleation is slowed using a dry-ice and isopropanol bath. 
Nucleation and growth at a low temperature allows for slowed Ostwald 
ripening forming sharper crystalline structures. The nano-mite decorated 
structures are characterized using UV-visible spectroscopy, Atomic Force 
Microscopy (AFM), and Scanning Electron Microscopy (SEM). 
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Loading of functional enzymes into giant liposomes using cellulose 
paper 

Anand B. Subramaniam, Melissa Xu, mxu6@ucmerced.edu. Department of 
Bioengineering, University of California, Merced, Merced, California, United 
States 

Although there are several methods for producing enzyme loaded small 
unilamellar vesicles, there is significant need to develop scalable methods to 
produce large quantities of giant unilamellar liposomes that are loaded with 
functional enzymes for producing artificial cells and cell-like chemical reactors. 
In this poster we report our work for loading functional enzymes in solvent-free 
giant liposomes produced through the Paper-Abetted liPid hYdRation in 
aqUeous Solutions (PAPYRUS) method. Liposomes were grown at room 
temperature or higher, after which the proteins were loaded at 4 °C. The low 
temperature during the loading process and subsequent encapsulation retards 
the activity of endogenous proteases and reduces the denaturation of 
enzymes prior to experiments. The newly reported process of sequential 
growth and loading allows the formation of liposomes with membranes of 
complex compositions, including raft-forming compositions. The work thus 
expands the retinue of methods available for producing complex artificial cells. 

COLL 255 

Developing the sapphire (0001) surface as a transparent substitute for 
mica for DNA nanostructure imaging 

Michael L. Norton, norton@marshall.edu, Masudur Rahman, David P. Neff, 
Zachary T. Boggs. Chemistry, Marshall University, Huntington, West Virginia, 
United States 

Mica has been used almost exclusively by the DNA nanostructures 
community because it is an atomically flat and non-perturbative substrate with 
exceptionally tunable DNA adhesion properties. Other “van der Waals” 
layered materials, including graphite and MoS2, which also demonstrate 
excellent cleavage properties have been evaluated as potential atomically flat 
substrates, optimal for imaging ultrathin DNA based structures. These layered 
materials have been found to significantly re-organize the programmed 
structures of origami constructs. While far from a comprehensive survey, 
these results suggest that the same van der Waals forces stabilizing most two 



dimensional materials are able to compete well with the van der Waals forces 
stabilizing DNA nanostructures. Al2O3, a 3D ionic material with high chemical, 
mechanical and thermal stability has been evaluated as an alternative 
substrate. Additional properties recommending sapphire include its 
transparency and the fact that crystal growth is already at a high level of 
technological development. 
The surfaces of sapphire “window” samples, ranging from the “as received” 
form to samples annealed under dry and wet conditions have been 
characterized using AFM. Increasing annealing temperature leads to a 
reduction in the corrugation attributable to scratches and gouges. Terraces 
become apparent after high temperature annealing. A representative AFM 
image of cross shaped DNA origami structures on a high temperature 
annealed sapphire surface is provided in Figure 1. Relatively high surface 
populations of undistorted origami are readily discernable. Under similar 
origami dosing conditions, mica surfaces display similar coverage. Many 
anticipated origami surface modifications will therefore remain visible when 
this substrate is used as a technologically accessible alternative to the mica 
surface. 

 
Figure 1 Image of origami constructs on sapphire window annealed at 1200 0C 
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Design of new FMOC and pyrazole-derived nanoparticles for targeting 
tumorigenic cells 

Ipsita A. Banerjee, Mindy Hugo, mhugo1@fordham.edu. Department of 
Chemistry, Fordham University, Rego Park, New York, United States 



Iron overload has been implicated in increase in tumor cell growth and 
metastasis in various cancers. In this work, we have developed four different 
tumor targeting bio-organic nanoparticles for iron chelation therapy. The 
nanoparticles were developed by synthesizing peptide derivatives of FMOC-
based amino acids such as arginine and leucine as well as pyrazole amide 
derivatives. In general, the nanoparticles were formed in the range of 100 nm 
to 200 nm. Furthermore those nanoparticles were tagged with specific 
peptides that targeted over-expressed transferrin receptors on ovarian 
tumorigenic cells. We compared the cell-targeting ability by utilizing 
fluorescent tagged peptides which were attached to the nanoparticles, to 
examine the endocytosis of the nanoparticles. Cytochrome C oxidase activity, 
reactive oxygen species (ROS) generation and NADH dehydrogenase activity 
was measured before and after adding the iron chelating nanoparticles. 
Mitochondrial damage was also assessed in the presence and absence of the 
nanoparticles. Iron chelation was also studied in the absence of cells, where a 
distinct change in morphology was observed upon chelation and binding 
interactions were also studied by FTIR spectroscopy. 
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Synthesis and characterization of Gd:InP/ZnS quantum dots for 
magnetic resonance imaging 

Molly Duszynski2, duszynski314@live.missouristate.edu, Matthew Ellis2, 
Katye Fichter1. (1) Missouri State University, Springfield, Missouri, United 
States (2) Chemistry, Missouri State University, Springfield, Missouri, United 
States 

Quantum dots (QDs) are highly fluorescent nanocrystals, about 2-10 
nanometers in diameter, with promising potential in biological and biomedical 
applications, such as fluorescence imaging and cell targeting. These QDs can 
be doped with a paramagnetic atom in order to impart magnetic properties 
and allow their application in magnetic resonance imaging (MRI). Currently, in 
vivo applications of QDs are somewhat limited due to the opaque surrounding 
of tissue and bones. MRI-active QDs could circumvent this limitation and act 
as a multimodal imaging agent. Previous work had developed a highly-specific 
QD probe for detection of alpha-synuclein oligomers, which are implicated in 
Parkinson’s and other alpha-synucleinopathies; however, the MRI-activity of 
these probes has not been confirmed. Here, we optimize the synthesis of Cd- 
free QDs doped with MRI-active metals (e.g. Gadolinium and Manganese) 
into the crystal lattice of the nanoparticle. The resulting nanocrystals were 
characterized to assess the successful incorporation of the paramagnetic 



atom into the structure. Such QDs could be valuable in the biomedical field as 
an alternative to current contrast agents with the benefit of increased 
specificity to a molecular target. 

COLL 258 

Synthesis and characterization of poly(methacrylic acid) hydrogel 
fabricated with Ni nanoparticles and investigation of their adsorption 
and catalytic properties 

Muhammad Ajmal, m.ajmal65@yahoo.com. Department of Chemistry, 
University of Wah, Wah Cantt, Paksitan, Wah Cantt, Pakistan 

This work describes the synthesis of poly (methacrylic acid) [p(MAAc)] 
hydrogel, fabrication of nickel (Ni) nanoparticles in the prepared hydrogel, and 
their applications adsorbent as well as catalysts. P(MAAc) hydrogel was 
prepared by free radical polymerization and Ni nanoparticles were fabricated 
in p(MAAc) hydrogel by in situ chemical reduction method. Swelling behaviour 
of the prepared hydrogel was studied by gravimetric analysis. Fourier 
transformation infrared (FT-IR) spectroscopy was used to identify functional 
groups in hydrogel networks. Ni nanoparticles were visualized by transmission 
electron microscopy (TEM). Electron dispersive spectroscopy (EDS) was used 
for elemental analysis while thermal gravimetric analyser (TGA) was used to 
investigate thermal stability. The phase identification was carried out by X-Ray 
diffraction (XRD) technique. Adsorption studies were carried out for the 
removal of methylene blue and Rhodamine 6G from water. The maximum 
adsorption capacity of p(MAAc) hydrogel was 685 mg/g for MB and 1571 
mg/g for Rh 6G. Three adsorption isotherms including Freundlich, Langmuir 
and Temkin adsorption isotherms were applied on adsorption data and 
adsorption data of MB was best fitted with Langmuir adsorption isotherm while 
that of Rh 6G with Temkin adsorption isotherm. From the application of 
pseudo first order and pseudo second order kinetics models, it was found that 
the adsorption of both dyes was followed by pseudo second order kinetics. 
Catalytic property of p(MAAc)-Ni was evaluated by using it as a catalyst for 
the degradation of 4-nitrophnol which is known as toxic pollutant. Effects of 
different parameters such as temperature, catalyst dose, and re-usability of 
catalyst on the reduction reaction were also studied. The maximum apparent 
rate constant (kapp) determined for the reduction of 4-NP was 0.02 min-1 and 
activation energy (Ea) for this reaction was 52.0706 kJ/mol. The catalyst was 
found to possess 80 % activity in the fourth consecutive cycle 
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Evaluation of spin-casting as a coating method to study dopamine 
adhesion 

My Linh Le, le24m@mtholyoke.edu, Wei Chen. Chemistry, Mount Holyoke 
College, South Hadley, Massachusetts, United States 

Dopamine as a novel and universal coating material was discovered in 2007 
and has been studied extensively since then. While most of the efforts focus 
on dopamine adhesion mechanism and optimization of reaction conditions to 
improve coating stability and homogeneity, adsorption from solution-substrate 
interface remains to be the primary means to study adhesion. In this research, 
spin-casting is utilized as a fast and simple method for coating dopamine films 
onto native and modified silicon substrates. Dopamine coatings as well as 
solution chemistry are studied as a function of reaction conditions, including 
time, type of oxidant, ionic strength and pH. Dopamine coatings are 
characterized by ellipsometric thickness, dynamic water contact angles, 
optical and atomic force microscopy imaging. The stability of the films is also 
tested under acidic, basic and neutral conditions. Dopamine oxidation, 
polymerization, and aggregation in solution are probed by UV-Vis 
spectroscopy, transmission electron microscopy, and dynamic light scattering 
in parallel. Thus far, stable dopamine coatings have been obtained under 
optimized conditions using the spin-casting method. We will present the 
dopamine adhesion mechanism using the new approach at the conference. 
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Colloid chemical approach to cracking formation in fuel cell catalyst 
layers 

Naomi Kumano, campbell7032008@yahoo.co.jp, Kenji Kudo, Yusuke 
Akimoto, Masahiko Ishii, Hiroshi Nakamura. Slurry Processing Special 
Assigned Lab., Toyota Central R&D Labs., Inc., Aichi, Nagakute, Japan 

Polymer electrolyte fuel cells (PEFCs) are one of the most promising power 
sources for vehicles. A catalyst layer of PEFCs is a porous layer prepared 
from the catalyst ink consisting of ionomer solutions, carbon black supporting 
Pt nanoparticles, and dispersing solvents. Drying of a thin film from the 
catalyst ink on a substrate often causes the formation of cracks. Since the 
cracks will affect the performance and durability of PEFCs, the crack 
formation should be controlled and restricted. 



Therefore a comprehensive understanding of the factors that control the crack 
formation is highly required. Cracking has been investigated on model 
colloidal suspensions, and it is well known that the critical crack thickness 
(CCT) below which films do not crack during drying depends on the fracture 
resistance of the films. 
In this work, we investigated whether the CCT exists in the catalyst layers and 
is useful as an index value for the fracture resistance of the layers or not. 
The catalyst layers with thickness gradient were prepared from the two 
catalyst inks including ethanol or 1-propanol as a dispersing medium (E-ink 
and P-ink). The thickness dependence of the lengths of cracks formed on the 
layers was investigated by optical microscope observation. The dispersion 
stability of their inks was investigated in terms of the amount of absorbed 
ionomer on the carbon particles and rheology. 
The catalyst layers prepared from the P-ink (P-CLs) had no cracks below the 
thickness of 2.3 µm and showed a proportional increase in the length and 
number of the cracks above 2.3 µm. That is, the CCT of the P-CLs was 2.3 
µm. On the other hand, the CCT of the catalyst layers prepared from the E-ink 
(E-CLs) was 5.8 µm, and the cracks of the E-CLs were less than these of the 
P-CLs. 
The amount of absorbed ionomer on the carbon particles in the E-ink was 
higher than that in the P-ink. In addition, the E-ink had lower viscosity and 
better dispersion stability than the P-ink. Thus, the E-CLs are supposed to 
have the higher fracture resistance than the P-CLs by increasing the adhesion 
strengths between particle pairs with ionomer as the binder. As a result, the E-
CLs have the higher CCT and less cracks than the P-CLs. 
In conclusion, the fracture resistance of catalyst layers can be evaluated by 
measuring the CCT. 
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Nanocomposites of plastic, Silicon polymer and noble metal 
nanoparticles 

Natasha Ampomah, ampomahn@student.wpunj.edu, Kelly Moran, Qiaxian 
Johnson, Bhanu P. Chauhan, chauhan.cepm@gmail.com. Department of 
Chemistry, William Patterson University, Wayne, New Jersey, United States 

Nanoparticle (NP) surfaces can be used as tailorable motifs because of their 
ability to coordinate with a variety of ligands. As a consequence such surfaces 
can be coated with small molecules, polymers, and biological recognition 
molecules. In our laboratory, we have demonstrated that the silane n-(2-
aminoethyl)-3 aminosilanetriol (2-AST) is employed to stabilize metallic 



particles without using any other external reducing agents. In this work our 
goal is to separate hybrid polymer systems of (2-AST) and styrene to create 
hybrid materials which also have varied amounts of nanoparticles nucleated in 
them. Various polymers can be used for the production of disposable plastics, 
detector housings, license plate frames, and other objects where rigid, 
economical plastics are formed. Our working hypothesis is to use 
sonochemistry to generate the organic/inorganic hybrid crosslinked materials. 
It is well known for decades that sonochemistry has been used in industry for 
emulsifying, catalyzing and various other applications in part to its high 
throughput and quick reaction rate. 
In this presentation, we will disclose our research of the sonication chemistry 
of gold or silver nanoparticles (AuNPs/ AgNPs), which serve as a nucleating 
agent with the presence of these certain polymers, can enhance the creation 
of the fiber like particles. We will present our investigation of this new idea 
where we have been able to create a new hybrid organic and inorganic 
system embedded with these metal nanoparticles. The importance of this 
process is that we produce the heterogeneous fibers, which come out from 
these solutions during this synthetic process. One crucial advantage of this 
process is that it takes around 1 hour to complete this process. We will 
present our results of these studies and the detailed characterization of new 
products using NMR, TEM, SEM/EDS, FT-IR, TGA and UV-Vis techniques. 
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Electroless deposition of nickel on organosilane nanostructures 
prepared with particle lithography: Characterization with atomic force 
microscopy combined with magnetic sample modulation 

Neepa M K Kuruppu Arachchige4, nkurup1@lsu.edu, Phillip C. Chambers2, 
Ashley M. Taylor3, Jayne C. Garno1. (1) Louisiana State University, Baton 
Rouge, Louisiana, United States (2) Chemistry , Louisiana State University, 
Baton Rouge, Louisiana, United States (3) Chemistry, Louisiana State 
University, Baton Rouge, Louisiana, United States (4) Chemistry, Lousiana 
State University , Baton Rouge, Louisiana, United States 

Nanopatterns of nickel on organosilane nanopatterns were prepared as model 
test structures for measurements of magnetic properties at the nanoscale. 
Electroless deposition (ELD) of nickel is accomplished by an autocatalytic 
redox reaction in which substrates are catalytically activated using a colloidal 
suspension of Pd species. Metallization is completed by placing activated 
substrates in a nickel plating bath containing Ni2+ ions, a reducing agent and 
buffers. Particle lithography combined with steps of vapor deposition and 



immersion in plating solutions was applied to prepare samples. Particle 
lithography is a high throughput and reproducible method of nanopatterning 
that can produce arrays of organosilane nanostructures. Ring-shaped 
nanostructures of an amine-terminated organosilane, 3-
aminopropyltriethoxysilane. (APTES) were prepared on Si(111) with vapor 
deposition onto a surface mask of latex spheres. Substrates containing 
organosilane nanorings were successively immersed in Pd catalyst solution 
and a nickel plating bath to enable chelation of nickel onto the active groups 
presented at the interface of APTES nanopatterns. Samples were 
characterized with tapping mode AFM after each reaction step to directly view 
surface changes. Magnetic sample modulation (MSM) is a combination of 
contact mode atomic force microscopy (AFM) and magnetic modulation of 
samples which provides a strategy to detect vibration of magnetic materials in 
response to an externally applied electromagnetic field. For MSM, a non-
magnetic probe operated in contact mode for samples that are driven to 
vibrate with the flux of an external AC electromagnetic field. The changes in 
MSM phase and amplitude due to the motion of magnetic domains were 
detected and mapped with the MSM to identify areas of the magnetic nickel 
nanopatterns. Magnetic field strength and field frequency were tuned to study 
dynamic changes in the vibrational response of the nickel domains. 

COLL 263 

Effect of diamine counterion chain length and pH on the physical 
properties and chiral recognition ability of amino acid based 
macromolecular assemblies 

Nhi Nguyen2, nnguyen4@islander.tamucc.edu, Fereshteh H. Billiot2, Eugene 
Billiot2, Kevin F. Morris1. (1) Carthage College, Kenosha, Wisconsin, United 
States (2) Texas A&M University Corpus Christi, Corpus Christi, Texas, 
United States 

In this study, the effect of pH and counterion type on the physical properties 
and chiral recognition ability of amino acid based macromolecular assemblies 
formed from amino acid based surfactants were investigated. The amino acid 
based surfactants examined in this study were: undecanoyl alanine, 
aminobutyric acid, norvaline, and norleucine. Also included in this study were 
five diamine counterions of varying chain lengths. The counterions under 
study were 1,2-ethylenediamine, 1,3-propanediamine, 1,4-diaminobutane, 
1,5-diaminopentane, and 1,6-diaminohexane. These systems were studied 
using Diffusion Ordered NMR Spectroscopy (DOSY), fluorescence, dynamic 
and light scattering, surface tensiometry and capillary electrophoresis. 



Preliminary results suggests that at low pH the positively charged diamine 
counterions act to bridge two amino acid based surfactants while at higher pH 
the bridging ability of the counterion decreases thus affecting the size and 
shape of the macromolecular assemblies formed.  

COLL 264 

Titania containing thin films for the detection of TATP and peroxide 
vapors 

Nicholas F. Materer2, materer@okstate.edu, Allen W. Apblett1. (1) Oklahoma 
State Univ, Stillwater, Oklahoma, United States (2) Oklahoma State 
University, Stillwater, Oklahoma, United States 

Titania nanoparticles in a hydroxypropyl cellulose matrix produced using a sol-
gel method were utilized to prepare coatings on cellulose paper, glass 
microfibers, and silica. The exposure of these materials to hydrogen peroxide 
gas and TATP vapor leads to the development of an intense yellow color. 
Using an inexpensive web camera and a tungsten lamp to measure the 
reflected light, first-order behavior in the color change was observed when 
exposed to peroxide vapor concentration as low as 50 ppm. However, while 
being extremely sensitive to hydrogen peroxide vapors, the sol-gel material 
had low reactivity to TATP vapor, changing color only after an exposure for an 
hour or more. For TATP, TLC silica plates saturated with titanyl sulfate 
dissolved in an acidic ionic liquid were developed and tested. The acid content 
of the films was extremely important for TATP detection. These new films 
have led to an extremely sensitive coating which can detect both hydrogen 
peroxide and TATP vapors in concentrations of a few parts per million within 
minutes of exposure and are stable for extended periods of time. 

COLL 265 

P(NiPAM) microgels embedded in p(AAm) hydrogels as sensor 

Sahin Demirci2, Daniel Rees1, Nurettin Sahiner2,3, sahiner71@gmail.com. (1) 
Bioinnovation (IGERT) Program, Tulane University, New Orleans, Louisiana, 
United States (2) Chemistry, Canakkale Onsekiz Mart University, Canakkale, 
Turkey (3) Physics & Engineering Physics, Tulane University, New Orleans, 
Louisiana, United States 

Smart hydrogels are intriguing materials for implementation in simple and 
efficient analytical instrumentation without any power source requirement. 



Stimuli responsive hydrogels of any dimensions can generate measurable 
outputs by swelling/deswelling, curling/elongating, or releasing/absorbing an 
analyte compound in response to environmental conditions such as pH, 
temperature and electric/magnetic fields. Smart hydrogels can be employed 
as sensing materials against these stimuli due to their inherently functional 
groups that generate the required actuations. In this study, thermoresponsive 
poly(N-Isopropylacrylamide) (p(NiPAM)) microgels of varied sizes and 
amounts were embedded into poly(Acrylamide) (p(AAm)) bulk hydrogel for 
structural integrity to form a composite material, p(NiPAM)/p(AAm) in a semi-
Interpenetrating Polymeric Network (semi-IPN) film. Upon heating, 4 mm thick 
p(NiPAM)/p(AAm) disks can change their appearances from transparent to 
opaque. The physical and optical properties of p(NiPAM)/p(AAm) were 
characterized between 20-50oC. The white light transmittance 
p(NiPAM)/p(AAm) was determined by photographic analysis in ImageJ 
software. Composite material p(NiPAM)/p(AAm) has potential application for 
probe free temperature measurement. 

COLL 266 

Surface ion induced water adsorption on muscovite mica 

Nurun N Lata1, nnlata@mtu.edu, Jiarun Zhou2, Brittany Glatz2, Sapna 
Sarupria2, Will H. Cantrell1. (1) Atmospheric Sciences, Michigan Technological 
University, Houghton, Michigan, United States (2) Chemical and Biomolecular 
Engineering, Clemson University, Clemson, South Carolina, United States 

We have used Fourier Transform Infrared (FTIR) spectroscopy to measure 
the effect of surface ions on the adsorption of water on ion exchanged mica 
surfaces. Comparison of the results for different exposed cations on the mica 
surface provide insight into the structure of adsorbed water. The cleaved 
muscovite mica surface is treated with water, MgSO4 and CaSO4 to replace 
the K+ ion on the surface with H+, Mg2+, and Ca2+ respectively. In all cases, 
the infrared spectra of water on the mica samples show a structured bonding 
network of water which differs from the bulk, as has been shown in previous 
studies using untreated mica (K+-mica). The adsorption isotherms show a 
clear trend with the size of the cation on the mica’s surface. The isotherm with 
water treated mica (H+-mica) is steeper than the isotherms of water on the 
surface of Mg2+-mica, Ca2+-mica, or K+-mica. This suggests the water treated 
mica has more affinity for water. Comparison of the experimentally derived 
isotherms with simulations of water on similarly modified mica surfaces allows 
us to probe the influence of electric fields on the structure of water near 
surface in more detail. These results, taken together, provide a framework for 



ongoing investigations of mechanistic explanations of heterogeneous ice 
nucleation. 

COLL 267 

Effect of silica interlayer on the plasmonic enhancement of 
photocatalytic activity 

Pannaree Srinoi2, psrinoi@uh.edu, T Randall Lee2, Tai-Chou Lee1. (1) 
Department of Chemical and Materials Engineering, National Central 
University, Jhongli, Taiwan (2) University of Houston, Houston, Texas, United 
States 

Owing to the tunable localized surface plasmon resonance (LSPR) property of 
gold-silver nanoshells (GS-NSs), composites of silica-coated gold-silver 
nanoshells and titanium dioxide (GS-NS@SiO2@TiO2) are promising 
photocatalysts that are active in the visible and near infrared. Prior research in 
our group has demonstrated that the thickness of the silica interlayer played 
an important role in nanocomposites such as GS-NS@SiO2@ZnIn2S4. Our 
goal was to optimize the thickness of silica interlayer to maximize 
photocatalytic activity. This presentation details the preparation and 
characterization of GS-NS@SiO2@TiO2 nanocomposites. Plasmonic GS-NSs 
were synthesized via galvanic replacement. Silica shells of systematically 
varying thickness were coated on the GS-NSs by varying the concentrations 
of (3-aminopropyl)trimethoxysilane (APTMS) and sodium silicate in solution. 
Scanning electron microscopy (SEM) and transmission electron microscopy 
(TEM) images indicated that three different thicknesses of silica shell (2, 10, 
and 15 nm) were obtained. The thin dielectric silica interlayer between the 
GS-NSs and TiO2 can minimize electron transfer that occurs when a metal is 
in direct contact with a semiconductor. The thin silica shells we have 
generated will be used to enhance the photocatalytic activity of TiO2. 

COLL 268 

Synthesis and characterization of gold nanostar particles 

Parisa Ansari3, parisa.ansari66@gmail.com, T Randall Lee2, Richard C. 
Willson1. (1) Univ of Houston, Houston, Texas, United States (2) University of 
Houston, Houston, Texas, United States (3) Chemstry, University of Houston, 
Houston, Texas, United States 



This study details the high-yield, seed growth-based synthesis and 
characterization of gold nanostars (GNSs). These nanoparticles showed 
multiple plasmon resonances in the visible to near infrared (NIR) range; the 
extinction maximum of ~980 nm allows for their excitation using NIR 
wavelengths that allow high depth of penetration in tissue. Moreover, the 
surface functionalization of GNSs using well-established thiol-gold chemistry 
make them excellent candidates for their use in diverse biological 
applications, such as photothermal therapy, nanoparticle-based sensing, and 
drug delivery. We used scanning electron microscopy (SEM) and X-ray 
photoelectron spectroscopy (XPS) to confirm the star morphology and 
chemical composition, respectively, of the GNSs. The localization of electric 
field on the edges of the GNSs gives rise to other plasmonic-enhanced 
properties, which will be evaluated using surface-enhanced Raman 
spectroscopy (SERS). Our investigation on the effect of process/experimental 
parameters on the morphology of the GNSs, and their subsequent 
functionalization, will allow systematic tuning of the optical properties of the 
GNSs. 

 

COLL 269 

CdS quantum dot growth dependence on oleylamine concentration 



Paul L. Garrett2, pgarrett@mail.stmarytx.edu, Natalia Razgoniaeva3, Dmitriy 
Khon4, Mikhail Zamkov1. (1) BGSU, Bowling Green, Ohio, United States (2) 
Department of Chemistry and Biochemistry, St.Mary's University, SAn Antonio 
, Texas, United States (3) Bowling Green State University, Bowling Green, 
Ohio, United States (4) Department of Chemistry and Biochemistry, St.Mary's 
University, San Antonio , Texas, United States 

Quantum dots can grow through a process called digestive ripening. The 
process is seen in a type of synthesis known as colloidal synthesis. This 
synthesis facilitates digestive ripening through the type of ligand that is used, 
the ligand governs the size of the quantum dots, and the size distribution of 
the quantum dots. The experiment used a primary amine as the ligand in 
solution to facilitate a large size growth and an even size distribution of this 
growth. The concentration of the ligand in solution is was varied, 
hypothesizing that with greater increase in the ligand concentration the 
greater the size of the dots would grow, with greater uniformity. This was 
shown to be the case through SEM images and UV-VIS absorption graphs of 
the quantum dots at different concentrations on our primary amine. The 
quantum dots were able grow larger, with more uniformity in size, as 
concentration increased 

COLL 270 

Colloidal synthesis of Fe, Mn and Fe-Mn alloy nanoparticles by rapid 
inductive heating technique 

Pratikshya Sharma1, pratishyas@ksu.edu, Noah Holliger2, Viktor Chikan1. (1) 
Dept of Chemistry, Kansas State University, Manhattan, Kansas, United 
States (2) Department of Chemical Engineering, Kansas State University, 
Manhattan, Kansas, United States 

Manganese-iron alloy material could be potentially utilized in atmospheric 
ammonia synthesis in a 2-step catalytic process. In this work, a facile and 
scaleup synthesis of Fe-Mn alloy Nanoparticles (NP’s) by a non-traditional 
inductive heating method is reported. Inductive heating provides a rapid 
temperature rise necessary to control the nucleation and growth of 
nanoparticles during colloidal synthesis. The inductive heating method is the 
safer method for the synthesis of NP’s as it avoids the use of strong reducing 
agents (NaBH4, LiAlH4) and etching agents like (HF). We demonstrate that 
with the help of inductive heating technique Fe, Mn and Fe-Mn NP’s can be 
produced in few seconds. The synthesized alloy Fe-Mn NP’s can potentially 



applicable in the manufacture of ammonia gas which can replace the 
traditional Haber- Bosch process of manufacture of ammonia. 

COLL 271 

Correlation between hybridization and electrochemical signal in stem-
loop E-DNA sensors using single-molecule AFM 

Qufei Gu1,2, qgu3@ucmerced.edu. (1) Biological Engineerning&Small-Scale 
Technilogies, University of California, Merced, Merced, California, United 
States (2) Merced Nanomaterials Center for Energy and Sensing, University 
of California, Merced, Merced, California, United States 

The original design of the E-DNA sensors is composed of stem-loop DNA 
probes that are modified with a redox reporter at one end, which transform the 
binding-induced conformational change into an electrochemical signal 
variation, has been extensively used for the detection of specific nucleic acids, 
proteins, small molecules and inorganic ions. However, the signals obtained 
from the voltammogram are just the assembly average and we still don’t know 
what happened at single molecular level. The single-molecule atomic force 
spectroscopy (AFM) imaging technique developed in our group allows us to 
visualize each single DNA probe before and after the hybridization, and thus 
we can better understand the molecular recognition kinetics on the surface 
and correlate it with device performance. 

 



 
Schematic and AFM images of the E-DNA probe surface before and after 
hybridization 

COLL 272 

Exploring the optical properties of gold nanomites on gold 
nanotriangles 

Rebecca C. Cocke2, ebbonyviolin@gmail.com, Wallis Scholl1, Jennifer S. 
Shumaker-Parry1. (1) Univ of Utah, Salt Lake City, Utah, United States (2) 
Chemistry, University of Utah, Salt Lake City, Utah, United States 

One of the challenges of exploiting the optical properties of plasmonic 
nanoparticles is balancing stability with sensitivity. Top-down synthesis allows 
for better stability but at the cost of sensitivity, whereas bottom-up fabrication 
produces stable structures, but often more limited sensitivity. Gold nanomites 
on gold nanotriangles combine the bottom up and top down approaches to 
allow for both stability and sensitivity. The optical properties of the gold 
nanomites on gold nanotriangles are observed using localized surface 
plasmon resonance (LSPR) and surface-enhanced Raman spectroscopy 



(SERS). The optical response of nanomite coated nanotriangles is compared 
with the optical properties of bare nanotriangles to assess how the nanomites 
affect the optical applications. By combining top-down with bottom-up 
synthesis the nanomite coated nanotriangles may be able to work effectively 
as a SERS enhancer due to the rough surface of the nanomite-coated 
structures. 

COLL 273 

Titanium dioxide-coated plasmonic gold-silver nanoshells 

Riddhiman Medhi3, riddhi.m.108@gmail.com, T Randall Lee2, Tai-Chou 
Lee1. (1) Department of Chemical and Materials Engineering, National Central 
University, Jhongli, Taiwan (3) Departments of Chemistry and Chemical 
Engineering and the Texas Center for Superconductivity, University of 
Houston, Houston, Texas, United States 

This presentation describes the synthesis of gold-silver nanoshells (GS-NS) 
coated with titanium dioxide (TiO2). The GS-NSs, which show a strong 
tuneable extinction maximum in the visible to near-IR region, should allow 
better utilization of the solar spectrum while decreasing the rate of electron-
hole recombination in the TiO2 shell. These TiO2 coated gold-silver nanoshells 
were characterised by scanning electron microscopy (SEM), transmission 
electron microscopy (TEM) and X-Ray photoelectron spectroscopy (XPS). In 
addition, their optical properties were evaluated by UV-vis spectroscopy. 
These hybrid nanoparticles will be used to explore the effects of GS-NSs in 
enhancing the photocatalytic efficiency of TiO2. 

COLL 274 

Spectroscopic studies of starvation in Vibrio cholerae 

Robert D. George1, turbo-dog@cox.net, Pamela Mosier-Boss2, Kara 
Sorensen1, Anna O'braztsova3. (1) SPAWAR Systems Center Pacific, San 
Diego, California, United States (2) GEC, Annandale, Virginia, United States 
(3) San Diego State University Foundation, San Diego, California, United 
States 

The use of 3D fluorescence and surface enhanced Raman spectroscopy 
(SERS) was explored to monitor metabolic changes in Vibrio cholerae strains 
that were subjected to starvation at low temperatures. Unlike traditional 
methods of analysis, these spectroscopic techniques do not require extraction 



of the molecular components prior to analysis nor do they require the use of 
fluorescent dyes or radioactive labels. Changes were observed in the 3D 
fluorescence excitation and emission maps (EEMs) during starvation that 
were indicative of protein unfolding and folding. SERS spectra showed the 
formation of exopolysaccharides (EPSs) and the secretion of flavins as a 
function of starvation. 

COLL 275 

Molecular interaction between b-PEI-functionalized gold nanoparticles 
and Bacillus subtilis strains varying in wall teichoic acid composition 

Rodrigo Tapia Hernandez1, tapiaher@augsburg.edu, Kyle P. Johnson2, 
Emily R. Caudill3, Christy L. Haynes2, Joel A. Pedersen3, Vivian Feng1. (1) 
Chemistry, Augsburg University, Minneapolis, Minnesota, United States (2) 
Univ of Minnesota, Minneapolis, Minnesota, United States (3) Univ of 
Wisconsin, Madison, Wisconsin, United States 

The optoelectronic properties of gold nanoparticles make them ideal for use in 
technological and biomedical applications. The expansion of gold nanoparticle 
applications motivates improvement in designing functionalized nanoparticles. 
The impact of such engineered nanoparticles on organisms in the 
environment, such as bacteria, is not well understood at the molecular level. 
To investigate the interactions between gold nanoparticles and Gram-positive 
bacteria, three Bacillus subtilis strains differing in wall teichoic acid 
composition (SB491 being the wild type, tagE lacking glucose and dltA lacking 
d-alanine moieties) were exposed to cationic b-PEI-functionalized gold 
nanoparticles (bPEI-AuNPs). Characterization of bacterial whole cell surface 
charges of the three strains show that the tagE mutant has the most negative 
overall surface charge. Upon exposure to the gold nanoparticles, the extent of 
interaction with the three strains differed as demonstrated by fluorescence-
assisted cell sorting (FACS), while toxicity assessments showed no significant 
difference among them. The extent of gold nanoparticle attachment was 
largest to the tagE mutant, suggesting electrostatic interaction between cell 
wall material and gold nanoparticles dictates extent of association. The results 
of this work will help the engineering of gold nanoparticles in a way that 
makes them less impactful when exposed to organisms in the environment. 

COLL 276 

Effect of water adsorption on clay mineral interfaces for enhanced gas 
recovery and CO2 sequestration: First principles calculations 



Ryan A. Bennick, rab5711@psu.edu, Lorena Tribe. Penn State Berks, 
Reading, Pennsylvania, United States 

Processes such as recovering natural gas from shale formations (Enhanced 
Gas Recovery) and the removal of carbon dioxide from the atmosphere by 
depositing it below the Earth’s surface in appropriate geological formations 
(CO2 sequestration), share the common issue of surface – CO2 interactions. 
In the first case CO2 is used to displace CH4 from shale formations, and in the 
second, the goal is to trap CO2 and keep it from reaching the atmosphere. 
Detailed atomistic first principle calculations such as Density Functional 
Theory provide insights about the nature of these interactions, allowing for the 
modeling of both surface complexes and of the kinetics of the adsorption-
desorption processes. In this work we address the issue of the effects of water 
on the adsorption process, with a focus on evaluating the change in free 
energy of the clusters used to model montmorillonite and kaolinite as 
substrates, when progressing from a completely dry surface to one with a 
monolayer of water. Differences due to the nature of the clay (swelling vs. non 
swelling) are also analyzed 

COLL 277 

Design of development agent (DA) in latent fingerprint identification 

Pete Villarreal1, Ivan Villavicencio1, Sajid Liu1, br9@hotmail.com, Jingbo 
Liu1,2. (1) Texas A&M University-Kingsville, Kingsville, Texas, United States 
(2) Texas AM University, Kingsville, Texas, United States 

Fingerprinting relies of oxidation of fatty acids in skingiving rise to uneven and 
non-uniform coating or layering. Whilst this technique is useful with 
fingerprints on glass, paper and other non-porous matrices, the identification 
probability rapidly drops when there are porous surfaces, aged surfaces or 
where there is a partical contact. To overcomes these drawbacks, we have a 
new series of developmental agents based around covalently-linked organo-
polyhedra (COPS) based on bi and tri dendate ligands around a metal center 
forming a secondary building unit ordered n-topic topology. The ultra high 
surfaces area and multi ligands allow for identification of latent fingerprints in 
our artifical neural network based matching software with 95% probability. 

 



 
COLL 278 
 
Selective detection of Pb(II) ion by using a nano material attached aryl-
azo-histadine dye 

Salma Alamgir, salmaalamgir@gmail.com, Avijit Pramanik, Paresh C. 
Ray. Physics, Chemistry and Atmospheric Science, Jackson State University, 
Madison, Mississippi, United States 

Lead poisoning has been recognized as a major public health risk, particularly 
in developing countries. Lead is regarded as a potent occupational toxin and 
its toxicological manifestations are well known, it is primarily affecting the 



central nervous, hematopoietic, hepatic and renal system producing serious 
disorders. The non biodegradable nature of lead is the prime reason for its 
prolonged persistence in the environment. Many efforts have been made to 
develop portable sensors for monitoring Lead in the environment. 
Incorporation of nano materials into sensors leads to significant improvement 
in the performance of devices in terms of sensitivity, selectivity and portability. 
We develop a novel Raman probe using 4-Aminophenyl disulfide- L-Histadine 
dye coupled with Gold nano particles, which allows selective detection of 
Pb(II) in water and its sensing properties were evaluated and monitored by 
analytical tools such as UV-vis, IR, TEM and Surface Enhanced Raman 
Spectroscopy(SERS). Metal nanoparticles exhibit unique optical properties 
due to excitation of localized surface Plasmon, which makes them highly 
sensitive probes for detecting small, local changes in their surrounding 
environment. 

COLL 279 

Self-assembly of microscale objects using large, double-stranded DNA 
molecules 

Sam Krerowicz1,2, krerowicz@wisc.edu, David C. Schwartz1,2. (1) Chemistry, 
UW-Madison, Madison, Wisconsin, United States (2) Biotechnology Center, 
UW-Madison, Madison, Wisconsin, United States 

DNA’s exceptional molecular attributes as a self-assembling, double-stranded, 
sequence-defined polymer underlie genetic continuity and make DNA a 
unique material for the fabrication of complex objects. The potential allowed 
by these attributes is now partly realized through DNA origami technologies, 
which fold molecules into desired shapes by hybridization of short 
oligonucleotide staple strands to a “long” single-stranded DNA (~7 kb) 
scaffold. However, using ssDNA as a scaffold limits the potential size, 
complexity and mechanical characteristics of the objects that can be created. 
Consequently, we are leveraging the robust mechanical properties of double 
stranded DNA to develop large (>100 kb) scaffolds that can be used to make 
micro-scale objects. By decorating the dsDNA scaffold with single-stranded 
flaps and adding short oligonucleotide straps that hybridize across multiple 
flaps, we can retain nanometer precision when folding these molecules. This 
approach is designed to create the fundamental building blocks for the 
fabrication of microscale objects and machines that will complement the 
abilities of DNA origami. 

  



COLL 280 

Surface adsorption of Nordic aquatic fulvic acid on amine functionalized 
and non-functionalized mesoporous silica nanoparticles 

Sanjaya Jayalath1, sanjaya-jayalath@uiowa.edu, Vicki H. Grassian2,3, Sarah 
C. Larsen1. (1) Department of Chemistry , University of Iowa, Iowa City, Iowa, 
United States (2) Department of Chemistry & Biochemistry, University of 
California San Diego, La Jolla, California, United States (3) Department of 
Nanoengineering, University of California San Diego, La Jolla, California, 
United States 

Mesoporous silica nanoparticles are frequently used in catalysis and 
biomedical applications such as drug delivery. With increasing usage, release 
of these nanoparticles into the environment becomes increasingly possible. 
Due to the high specific surface area, these nanoparticles can adsorb different 
natural ligands present in the environment. Fulvic acid, which is a component 
of natural organic matter, is one of the most abundant natural ligands in the 
environment. The adsorption of fulvic acid on amine functionalized and non-
functionalized mesoporous silica nanoparticles as a function of pH was 
studied using attenuated total reflectance Fourier transformation infrared 
spectroscopy in order to gain an understanding of the mechanisms involved in 
the adsorption process. According to the results, carboxylic functional groups 
and the amine functional groups on the functionalized nanoparticles play key 
roles in the adsorption process. Multiple carboxylic groups present in different 
chemical environments dictate the speciation of fulvic acid in an aqueous 
environment whereas amine groups dictate the surface charge of the 
functionalized nanoparticles. The adsorption was also found to be pH 
dependent and it also depends on the surface functionality of the 
nanoparticles. Amine functionalized mesoporous silica nanoparticles show a 
higher adsorption of fulvic acid compared to the non-functionalized 
nanoparticles that decreases as a function of pH. Quantitative studies of the 
adsorption were done using thermogravimetric analysis such that the mass 
loading and surface coverage of fulvic acid on the mesoporous silica 
nanoparticles were calculated. Both are higher on functionalized nanoparticles 
than on non-functionalized nanoparticles at all pH conditions studied. The 
adsorption of fulvic acid on the surface alters properties of mesoporous silica 
nanoparticles such as the surface charge. According to the zeta potential 
measurements, fulvic acid adsorption increase the zeta potential (negative) in 
both functionalized and non-functionalized nanoparticles under all pH 
conditions studied which indicates a change in surface charge. 



COLL 281 

Interfacial water structure next to zwitterionic lipids: A vibrational sum 
frequency spectroscopic study 

Saranya Pullanchery1, saranyapullanchery@gmail.com, Tinglu Yang1, Paul 
S. Cremer2. (1) Chemistry, Pennsylvania State University, State College, 
Pennsylvania, United States (2) The Pennsylvania State University, University 
Park, Pennsylvania, United States 

Phospholipid/water interfaces are ubiquitous in biology. Phosphatidylcholine 
(PC), the most abundant lipid component in biological membranes, has a 
zwitterionic headgroup. The second most abundant zwitterionic lipid is 
phosphatidylethanolamine (PE), which differs from the PC headgroup in terms 
of size and hydrogen bonding ability. Even though these headgroups are 
overall electrically neutral, the P-N dipoles on the headgroups can order 
interfacial water molecules. The chemical differences between PC and PE 
headgroups lead to different hydrogen bonding structure of interfacial water 
next to them. Distinguishing interfacial water molecules from bulk water has 
been a longstanding challenge, using linear vibrational spectroscopic 
techniques. However, developments in the field of vibrational sum frequency 
spectroscopy has now enabled us to specifically probe water molecules that 
are in the first few molecular layers from the interface. We form Langmuir 
monolayers of lipids at the air/water interface as model systems for the cell 
membrane, and monitor the vibrations of interfacial water. These studies have 
helped us to understand how the interfacial water molecules play a key role in 
interactions that occur at the membrane/water interface. We find that 
variations in the headgroup chemistry, as well as surface charge density of 
the monolayers can regulate the interfacial water structure next to zwitterionic 
lipid monolayers. 

COLL 282 

Titania stabilized cuprous oxide photocatalyst for the reduction of 
carbon dioxide 

Sasha Alden1, aldens@wwu.edu, David A. Rider2. (1) Chemistry , Western 
Washington University, Bellingham, Washington, United States (2) Chemistry 
MS-9150, Western Washington University, Bellingham, Washington, United 
States 



The solar-powered production of value-added chemicals from carbon dioxide 
(CO2) and water (H2O) is a viable pathway to renewable energy. The catalytic 
activity and specificity of gold nanoparticle (Au NP) seeded, cuprous (I) oxide 
(Cu2O) thin films for the reduction of CO2 is investigated using photo-
electrochemistry. The photocatalytic electrode is fabricated by first loading Au 
NPs using a block copolymer template of polystyrene-block-poly(4-
vinylpyridine) (PS-b-P4VP) on to indium tin oxide (ITO). Then highly active 
Cu2O is electrodeposited by bulk electrolysis using an electrochemical 
deposition condition of constant current. The Au NPs act as nucleation sites 
form and control the size of the Cu2O. The addition of the Au NPs not only 
increases the surface area to volume ratio of the Cu2O, but also harnesses 
the localized surface plasmon resonance (LSPR) effect of the NPs for 
increased photon absorbance. A thin titanium oxide (TiO2) coating is then 
applied via vapor phase surface functionalization and sol-gel method to 
protect against photocathodic degradation of the Cu2O typical in electrolyte 
solutions. 

COLL 283 

Investigation of chiral recognition of dipeptide based micellar systems 

Savanna Tubbs2, savannatubbs@hotmail.com, Eugene Billiot2, Kevin F. 
Morris1, Fereshteh H. Billiot2. (1) Carthage College, Kenosha, Wisconsin, 
United States (2) Texas A&M University Corpus Christi, Corpus Christi, 
Texas, United States 

This research is focused on examining the effect of pH, buffer type, type of 
counterion and surfactant concentration on various physical properties of 
micelles formed from four different dipeptide based surfactants: undecanoyl-
alanine-alanine, undecanoyl-alanine-glycine, undecanoyl-alanine-valine, and 
undecanoyl-alanine-leucine. The counter ions are di-amines of alkanes with 
different number of methyl groups separating the amines. These counter ions 
are pH dependent and preliminary results have shown that pH effects the 
interaction of these counter ions with amino acid polar head, and in turn 
effects the physical properties of the surfactants. Some of the properties 
examined include: the critical micelle concentration, aggregation number, size 
and shape of the micelles as well as fraction bound of the surfactant and 
counterion to the micelles. These systems were studied using Diffusion 
Ordered NMR Spectroscopy (DOSY), fluorescence, dynamic and light 
scattering and surface tensiometry.  

  



COLL 284 

Comparing electrochemical calculations and particle induced X-ray 
emission measurements of Prussian Blue analogue deposits 

Scott D. Joffre, scott.joffre@hope.edu, Jennifer R. Hampton. Department of 
Physics, Hope College, Holland, Michigan, United States 

Prussian Blue Analogues (PBAs) have become a popular area of study due to 
their low cost and ability to store charge. Producing Nickel Hexacyanoferrate 
(a PBA) can be time consuming and expensive. In order to reduce time and 
streamline the production, one can use electrochemistry to plate a PBA film 
onto a metallic surface. Although this provides a more efficient and faster 
method for production, one major disadvantage is that the amount of PBA 
formed by this process is not precisely known. The purpose of this research is 
to develop a method to compare this electrochemical process of creation with 
other methods which allow one to know the amount of PBA formed. 
 
The Nickel Hexacyanoferrate (a PBA) was analyzed with Particle Induced X-
ray Emission (PIXE) to determine the amount of Fe and Ni deposited. These 
values were then compared to the amounts determined during 
electrochemical production. Early measurements of the amount of PBA show 
that the electrochemical calculations always report a greater value than the 
PIXE values measured. Future work will explore possible reasons for this 
discrepancy. 

COLL 285 

Synthesis and physicochemical properties of a novel carboxylbetaine-
type surfactants containing benzene ring 

Shifeng Gao, gaoshifeng163@163.com, Qingzhe Jiang, Zhaozheng Song, 
Fang Lan. China University of Petroleum, Beijing, Beijing, China 

A series of novel carboxyl-betaine-type surfactants of N-(4- (alkyloxy) -3,5-
dimethylbenzyl)-N,N-dimethylcarboxylbetaines(CnOBCb, where n represent 
the hydrocarbon chain length of 12,14,16,18,respectively) were synthesized 
by reacting 2,6-dimethyl phenol with alkyl (decyl, tetradecyl, hexadecyl, or 
octadecyl) bromide, followed by Blanc chloromethylation reaction and then 
quaterisation reaction with N,N- dimethylglycine and sodium bicarbonate. The 
chemical structures of main intermediates and objective surfactants were 
confirmed by IR spectra, 1H NMR, 13C NMR, ESI-HRMS and elemental 



analysis. The physicochemical properties of CnOBCb were characterized by 
equilibrium and dynamic surface tension, dynamic light-scattering (DLS) and 
pyrene fluorescence spectroscopy techniques. CnOBCb surfactants showed 
excellent surface activity and the incorporation of a benzene ring in the 
hydrophobic tail prompts micelle formation which leads to a smaller CMC 
values in the order of 10-7mol/L and the surface tension of water can be 
decreased as low as 25.7mN/m. It was also found that the length of 
hydrophobic chain has a pronounced effect on the aggregation behavior of 
surfactants molecules. The apparent hydrodynamic diameter obtained from 
DLS suggested the formation of small micelles. 

COLL 286 

Structural investigation on the mechanism of the endosomal escape by 
pH-sensitive gemini surfactants 

Shih-Min Chang, i1994b@gmail.com, Yi-Fan Chen. Chemical and Materials 
Engineering, National Central University, Taoyuan, Taiwan 

Non-viral gene delivery systems are considered as promising alternatives to 
their viral counterparts, which are plagued by the high risks of adverse side 
effects intrinsically, in gene therapies. Nevertheless, non-viral vectors also 
suffer from their low efficiency in transfection, which is holding back their 
potentials as practical therapeutics. Despite tremendous efforts committed to 
developing new non-viral vectors of high efficiency, systematic investigations 
to explore the physicochemical traits which dictate the transfection efficacy, 
particularly those involved with the vector-biomembrane interaction, of non-
viral vectors are relatively lacking. In this study, we employ the X-ray and 
neutron scattering techniques, along with atomic force microscopy, to 
investigate how the conformations of the complexes formed by DNA and a 
series of pH-sensitive gemini surfactants vary with changes in acidity and how 
this variation is related to the vector-induced structural changes of the 
endosome-mimicking membranes and results in the complexes’ escape from 
endosomes, a crucial step for successful gene transfection. The molecular 
mechanisms underlying the observations are explored. Given endocytosis 
being the main pathway for the cellular entry of vectors, the molecular 
mechanisms proposed here may lead to a general design principle for high 
efficient non-viral gene delivery systems. 

  



COLL 287 

Probing the interactions between small molecules and phospholipids at 
the biointerface 

Simou Sun, sxs1145@psu.edu, Anne Sendecki, Saranya Pullanchery, Da 
Huang, Tinglu Yang, Paul S. Cremer. The Pennsylvania State University, 
University Park, Pennsylvania, United States 

Interactions between small molecules and the lipid membrane are essentially 
important to understand a variety of biological processes such as cell 
signaling, metal-ion assisted cell apoptosis, small molecule drug efficacy and 
side effects, function and translocation of antimicrobial peptides, etc. To probe 
these interactions at the lipid membrane surface, we have constructed a 
biosensor in concert with supported lipid bilayer (SLB) platforms. The sensing 
strategy is based on modulation of interfacial potential, which is reported by a 
pH sensitive fluorophore embedded in the bilayer. Combined with microfluidic 
techniques, our biosensor provides high throughput, interfacial specificity and 
excellent sensitivity to small molecules, such as ions, drugs and antimicrobial 
peptides. Complementary interfacial characterizing techniques have been 
applied to investigate the mechanistic aspects of these interactions, including 
Langmuir monolayer compression experiments and vibrational sum frequency 
spectroscopy. We demonstrate that small molecules not only have interesting 
binding profiles to lipid membranes, but also can significantly alter the 
chemical and physical properties of the membrane. 

COLL 288 

Self-assembled monolayers derived from symmetric olefin-bridged 
bidentate adsorbates on gold 

Siwakorn Sakunkaewkasem1, siwakornwill@hotmail.com, T Randall Lee1, 
Maria D. Marquez2, Oussama Zenasni3. (1) University of Houston, Houston, 
Texas, United States (2) Chemistry, University of Houston, Houston, Texas, 
United States (3) Department of Electrical and Computer Engineering, 
University of Houston, Houston, Texas, United States 

This presentation describes the design, preparation, and characterization of 
organic thin films derived from symmetric olefin-bridged bidentate alkanethiol 
absorbates. A series of adsorbates having systematically varying alkyl chain 
lengths were synthesized and used to generate self-assembled monolayers 
(SAMs) on gold substrates. The SAMs were studied using ellipsometry, X-ray 



photoelectron spectroscopy (XPS), polarization-modulation IR reflection-
absorption spectroscopy (PM-IRRAS), and contact angle goniometry to 
evaluate the influence of an olefin-bridge (alkene group) on the packing 
density of the corresponding films. The stability of the SAMs derived from the 
olefin-bridged bidentate absorbates was compared to that of conventional 
SAMs derived from n-alkanethiols on gold. 

COLL 289 

Study of the excited state processes of 1,3,6,8- 
Tetrakis(trimethylsilylethynyl)pyrene in monomer and aggregated state 

Soumya S, soumya.ushus@gmail.com, Sethuraman Sankararaman, Prasad 
Edamana. Department of Chemistry, Indian Institute of Technology Madras, 
Chennai Tamilnadu, India 

Photophysical properties of pyrene derivatives have been a topic of interest 
for past several decades. In the present study, we have explored the 
photophysical properties of recently synthesized pyrene derivative, 1,3,6,8-
tetrakis(trimethylsilylethynyl)pyrene (Py-TMS), in its monomer and aggregated 
states. The photoinduced electron transfer from monomer Py-TMS to chloranil 
(CHL) in tetrahydrofuran (THF) has been probed and the rate constant for the 
back electron transfer, kBET is found to be ~4 x 104 s-1. Further, aggregates of 
Py-TMS have been prepared by a facile re-precipitation method in THF-water 
mixture. The aggregates exhibit red shifted emission, with 20 fold 
enhancement in the fluorescence lifetime, compared to that of the monomer. 
The morphology of the aggregates was fibrillar in nature, as evidenced by 
scanning electron microscopic images. Forster resonance energy transfer 
(FRET) using Py-TMS aggregates as both donor and acceptor in aqueous 
medium has been investigated. White light emission and triplet state 
properties of the molecular aggregates are in progress. The results taken 
together suggest that the monomer of the molecule can lead to the formation 
of a long lived charge separated state while the molecular aggregates can be 
used for probing biologically important processes. 

COLL 290 

Probing the interaction of enzyme and gold nanoparticles with various 
coatings 



Sunanda Neupane, sunanda.neupane@ndsu.edu, Yanxiong Pan, Zhongyu 
Yang. Chemistry, North Dakota State University, Fargo, North Dakota, United 
States 

Gold nanoparticles (AuNPs) have been advancing biosensing and 
therapeutics. Enzyme immobilized onto AuNPs have also found applications 
in enzyme storage and protein delivery. One practical concern is that AuNPs 
often encounter non-specific protein adsorption, which may lead to AuNP 
aggregation (to larger particles) or precipitation. As a result there will be a 
reduction in the desired functions of both protein and Nanoparticles (NPs). A 
potential solution is to coat AuNPs with small molecules or polymers to 
prevent aggregation/precipitation. However, the correlation of surface 
properties and enzyme adsorption behavior remains unclear, limiting the 
rational modification of NPs surfaces. Thus, it is essential to understand the 
protein-metallic NMs interaction. This is technically challenging due to large 
size, high heterogeneity, and difficulty in co-crystallizing the complexes. 
Herein we use Site-Directed Spin Labeling (SDSL) in combination with 
Electron Paramagnetic Resonance (EPR) spectroscopy and several other 
biophysical techniques to probe the interaction mechanism of a model 
globular protein, T4 Lysozyme, with AuNP and Gold Nanorods (AuNRs) 
coated positively, negatively and neutrally. While the TEM, Zeta potential 
measurements, and UV-vis spectroscopy provided the global picture of the 
interaction, EPR-SDSL provided protein structure and dynamics at the 
interface. It is found that the interaction path/mechanism was dependent on 
the coating. The results will help prevent AuNPs/AuNRs precipitation, control 
their aggregation, and even utilize AuNPs/AuNRs for protein/enzyme 
immobilization. 

 



 

COLL 291 

Programmable preparation of three-dimensional assembly of gold 
triangular nanoprisms for biosensing applications 

Thakshila Habarakada Liyanage1, hliyanag@iupui.edu, Sidney Shaffer1, 
Hang Nguyen1, Rajesh Sardar2. (1) Chemistry and Chemical Biology, Indiana 
University Purdue University Indianapolis, Indianapolis, Indiana, United States 
(2) Dept of Chemistry Chemical Biology, Indiana Univ-Purdue Univ-
Indianapolis, Indianapolis, Indiana, United States 

Noble Metal nanoparticles have shown tremendous promise for various 
biological applications. Interaction of light with metal nanoparticles creates 
unique localized surface plasmon resonance properties that can be used for 
various label-free optoelectronic device fabrication. In this context, self- 
assembly of nanoparticles to their higher-order structures is an important 
construct in which individual nanoparticles organize into an ordered structure 
and thus enhance the efficiency and accuracy of particular devices due to the 
collective LSPR behavior. Lithographically directed self-assembly of 
nanoparticles is the most commonly used process to obtain well-patterned 
structures. However, besides the expense, during the assembly process 
nanoparticles undergo several steps of chemical treatments, which affect the 
properties of nanoparticles. Furthermore, achieving few nanometer-length 
gaps between the adjacent nanoparticles is challenging, but extremely critical 
for high efficiency biosensing applications. To overcome this issue, molecular 



interactions can be tailored and used to create ordered assemblies with 
controllable inter-nanoparticle spacing. Herein, a simple and efficient self-
assembly method is described in which polyethylene glycol (PEG)-
functionalized triangular gold nanoprisms (TGNs) are organized into three-
dimensional assemblies onto solid supports. Furthermore, the effect of PEG 
chain length and the surface tension characteristic of the substrates are 
investigated for the effectiveness of the self-assembly process. Finally, we 
utilize the three-dimensional assembly of TGNs for surface-enhanced Raman 
spectroscopy-based biosensing application. 

COLL 292 

Elucidating the time-dependent photoluminescence properties of 
colloidal carbon dots 

Thanh Chu, chut@reed.edu, Daniel Gerrity, Subhasish 
Chatterjee. Chemistry, Reed College, Portland, Oregon, United States 

Carbon quantum dots (CQDs) with heteroatomic surfaces are used for a 
variety of applications. The present study illustrates the photoluminescence 
properties of CQDs prepared by hydrothermal method and using egg white 
proteins as a source of organic precursors in aqueous medium. The colloidal 
CQD materials were characterized using spectroscopic techniques that dealt 
with time-resolved photoluminescence measurements at room temperature. 
The CQD colloids exhibit excitation-dependent luminescence and a 
moderately long lifetime (greater than 10 ns). Our results indicate that the 
photoluminescent characteristics of the CQDs could be tuned via regulating 
hydrothermal synthesis time, supporting CQDs’ potential roles in imaging 
applications. 

COLL 293 

Surface functionalization with glycopolymers for selective adherence of 
the bacteria Shewanella oneidensis 

Thomas D. Young2, thomasdylanyoung@live.com, Walter Liau3, Calvin Lee3, 
Gerard Wong3, Andrea Kasko3, Paul S. Weiss1. (1) MC 722710, California 
NanoSystems Inst. UCLA, Los Angeles, California, United States (2) 
Chemistry and Biochemistry, University of California, Los Angeles, Los 
Angeles, California, United States (3) Bioengineering, University of California, 
Los Angeles, Los Angeles, California, United States 



Bacterial biofilms can be incorporated in useful technologies for such ends as 
energy production in microbial fuel cells. Research on the promotion of 
surface colonization by beneficial microbes is far less common than that of 
anti-fouling technologies to deter unwanted microbial colonization. To address 
the need for robust adherence of desired bacterial species, we have produced 
surfaces functionalized with reversible addition-fragmentation chain transfer 
(RAFT) glycopolymers. These polymers have mannose moieties along their 
length. Mannose as a saccharide that binds to our species of 
interest, Shewanella oneidensis, was found to increase bacterial binding to 
gold surfaces and to enrich the target cells over a strain without the protein 
necessary for mannose interaction. We used patterning of the polymers to 
produce a system of living cells organized in well-defined geometries. The use 
of RAFT polymers produces greater colonization promotion than non-
polymeric mannose surface functionalization that has been previously 
reported. The thiol terminus enables facile functionalization of our substrates. 

COLL 294 

Liquid-phase epitaxial growth of triangular Au nanoplates on 
MoS2 nanosheet for electrocatalytic hydrogen evolution 

Thu Ha Tran, tr0001ha@e.ntu.edu.sg, Hua Zhang, 
hzhang@ntu.edu.sg. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore, Singapore 

Discovering inexpensive alternatives to the current commercial Pt/C 
electrocatalyst for hydrogen evolution reaction (HER) is of great interest. 
Although molybdenum disulfide (MoS2) nanosheets are well known for the 
considerable HER activity, the performance of MoS2 is still restricted due to its 
semiconducting property and limited active sites. On the other hand, the 
ultrathin MoS2 nanosheet is an ideal template for the formation of hybrid 
materials which offers many possibilities for engineering the intrinsic 
properties of MoS2. For example, the Au nanorod-decorated MoS2 nanosheet 
has been reported as a promising Pt-free catalyst with activity far exceeding 
that of MoS2. However, the current state of solution-phase Au-MoS2 involves 
either the random incorporation of Au nanomaterials onto MoS2 nanosheets or 
the random growth of Au nanoparticles preferentially at MoS2 active edge 
sites . The weak Au-MoS2 interaction and the uneven Au morphology might 
hinder the utilization of this heterostructure for electrocatalysis and other 
possible applications. Herein, we report the epitaxial growth of triangular Au 
nanoplates on MoS2 nanosheets by using wet-chemical synthesis. As a proof-



of-concept application, the obtained Au-MoS2 heterostructure is used as a 
catalyst towards the HER application. 

COLL 295 

Self-assembled monolayers derived from the adsorption of phenyl- and 
perfluorophenyl-terminated alkanethiols on gold 

Tianlang Yu2, samuelyu2014@gmail.com, T Randall Lee1, Maria D. 
Marquez2, Oussama Zenasni3. (1) University of Houston, Houston, Texas, 
United States (2) Chemistry, University of Houston, Houston, Texas, United 
States (3) Department of Electrical and Computer Engineering, University of 
Houston, Houston, Texas, United States 

This presentation describes the synthesis of perfluorophenyl-terminated 
alkanethiols, C6F5(CH2)12SH and their hydrocarbon analogs, C6H5(CH2)12SH. 
These phenyl-terminated alkanethiols were used to generate self-assembled 
monolayers (SAMs) on gold surfaces. Taking advantage of phenyl-
perfluorophenyl stacking interactions between the tailgroups, the extent of 
control over the interfacial wettability of binary interfaces derived from 
mixtures of the two types of adsorbates was examined. The SAMs were 
characterized using ellipsometry, X-ray photoelectron spectroscopy (XPS), 
polarization modulation infrared reflection absorption spectroscopy (PM-
IRRAS), and contact angle goniometry measurements. Furthermore, the 
series of mixed SAMs offered insight into the relationship between the 
interactions of molecular termini and the overall interfacial properties of the 
resulting interfaces. 

COLL 296 

Towards continuous in situ sensing of marine pollutants using surface 
enhanced Raman spectroscopy (SERS) 

Timo Küster, timo_kuester@my.uri.edu, Geoffrey D. Bothun. Chemical 
Engineering, University of Rhode Island, Narragansett, Rhode Island, United 
States 

Excess concentrations of nitrate and phosphate in seawater can lead to 
harmful algae blooms that damage coastal ecosystems, pose health risks and 
adversely impact commercial activity. Early in situ detection of over-
nutrification is necessary for rapid response and mitigation plans. Commercial 
nitrate and phosphate sensors utilize UV-Vis spectroscopy and are generally 



incapable of detecting at limits set by the US Environmental Protection 
Agency (EPA), necessitating new approaches for in situ monitoring. Surface 
enhanced Raman spectroscopy (SERS) is a technique theoretically capable 
of single molecule detection, and therefore may be a promising approach for 
nitrate and phosphate detection. However, there are clear challenges as 
SERS sensing is negatively affected by interference in complex media and in 
situ sensing in a solution phase reduces accuracy and resolution. It is 
because of these challenges, in part, why much of the data reported in the 
literature are taken for purified samples that are then dried on a SERS 
substrate. Our goal is to address the engineering challenges for a SERS in 
situ seawater nutrient concentration measurement system. Batch and flow-
through devices have been designed to incorporate commercially available, 
nanostructured gold SERS substrates. Software solutions have been 
developed to rapidly interpret resulting spectra. By benchmarking against 4–
nitrobenzenethiol/ethanol solutions, our results show that SERS devices can 
be used as a development platform for a seawater nutrient sensor. They also 
depict the challenges associated with complex media and provide insight into 
surface modification strategies needed to selectively detect nitrate and 
phosphate. 

COLL 297 

Sulfur@Gold@Titanium dioxide yolk-shell nanoparticles for lithium-
sulfur battery applications 

Tingting Liu2, tliu20@central.uh.edu, T Randall Lee1. (1) University of 
Houston, Houston, Texas, United States (2) Chemistry, University of Houston, 
Houston, Texas, United States 

Due to a high specific capacity, sulfur has been studied over the last decade 
as a cathode material for high energy storage batteries. However, the 
widespread use of these high-capacity lithium-sulfur batteries has been 
hindered due to the volumetric expansion of sulfur during discharge and the 
dissolution of polysulfides occurring in the charge-discharge process. This 
presentation describes the synthesis of yolk-shell sulfur@gold@titanium 
dioxide nanostructures that are designed to address this concern. The yolk-
shell structure provides sufficient space to accommodate the volumetric 
expansion of sulfur during discharge process. TiO2 shell adsorbs and desorbs 
the polysulfides steadily during battery charge/discharge steps, thus reducing 
the loss of polysulfides and enhancing the cycling stability of the batteries. 
Additionally, the TiO2 layer was decorated with Au nanoparticles to increase 



the overall conductivity of the nanoparticles and improve the battery 
performance by restricting the shuttle effect. 

COLL 298 

Promotion effect of alklyamine functionalized silica on embedded gold 
nanoparticle hydroaminations 

Trent Graham, trgraham@wsu.edu, Andika Rosul, Di Wu, Steven R. 
Saunders. School of Chem Eng, Washington State University, Pullman, 
Washington, United States 

Alkyne hydroamination is widely used in the pharmaceutical industry to 
prepare imines and is often catalyzed by gold nanoparticles. While the 
mechanism of hydroamination on a gold surface is not understood, analysis of 
homogeneous reaction mechanisms suggests that protonation and 
deprotonation steps are present in the catalytic cycle. We prepared 
alkylamine-functionalized, hollow, mesoporous silica shells containing 
encapsulated gold nanoparticles to determine whether the colocalization of 
ligands containing labile hydrogens and the reactive gold surface would 
improve catalyst performance. The chemical structure of the grafted 
alkylamines was characterized with 13C solid-state, magic angle spinning, 
nuclear magnetic resonance spectroscopy (MAS-NMR) and Fourier-transform 
infra-red spectroscopy. The loading of the alkylamine was further quantified 
with thermogravimetric analysis and suggested that the heterogeneous 
catalyst was approximately 20 % alkylamine by weight. We calcined an aliquot 
of the catalysts to investigate the significance of alkylamine functionalization 
on the hydroamination of 1-octyne and monitored the reaction with 
quantitative nuclear magnetic resonance spectroscopy at 360 K in a series of 
batch reactions. The results suggest that the colocalization of grafted 
alkylamines significantly improves catalyst performance when compared to 
the calcined embedded nanoparticles. Further studies will investigate the 
catalytic properties of gold nanoparticles embedded in silica containing grafted 
alkylguanidinium and alkylimidazole ligands, which mimic basic, histidine and 
arginine residues, respectively. The grafting of organic promoters to support 
materials offers additional strategies to tailor catalytically active surface 
properties. 

COLL 299 

Single particle fluorescence studies of semiconductor nanoparticles 
alloyed by kinetic control 



Trevor Hull, trevor.d.hull@gmail.com, Jonathan S. Owen. Chemistry, 
Columbia University, New York, New York, United States 

Time resolved confocal fluorescence microscopy has enabled the study of 
nanocrystal photophysics with single particle sensitivity. These measurements 
have shown that the emissive behavior of individual particles is 
heterogeneous within an ensemble colloidal solution. Combined with 
improved chemical control over precursor conversion – demonstrated recently 
by kinetic rate tuning of thio- and selenourea precursors – the role of 
composition and structure on core/shell nanocrystal luminescent properties 
becomes more clear. Time correlated single photon counting (TCSPC) was 
used to study biexciton quantum yields, photoluminescence lifetimes, and 
blinking behavior of CdSe/CdS heterostructures with varying gradation of 
Se/S alloyed interfaces. Time-gated photon antibunching analysis was used to 
ensure the data used in this study is based on single particles, both as dilute 
colloidal solutions and on solid substrates. Near unity ensemble quantum 
yields are seen by reducing the strain of the core/shell interface, suggesting a 
link between interfacial defects and non-radiative decay. 

COLL 300 

Magnetron sputtering of gold thin films under ambient conditions and 
manipulation of deposition 

Tyler J. Adams1, joseph109618@gmail.com, Brian Evans1, Chadd Miller2, 
Indrajith Senevirathne2. (1) Department of Chemistry, Lock Haven University 
of Pennsylvania, Lock Haven, Pennsylvania, United States (2) Department of 
Geology & Physics, Lock Haven University of Pennsylvania, Lock Haven, 
Pennsylvania, United States 

The creation of gold thin films is crucial in many applications, including 
biosensors. The deposition of gold thin films can be manipulated to yield 
unique nano-scale surface arrangements depending on the substrate support 
and deposition parameters. In this research, Au deposited via magnetron 
sputtering to create a 50 nm to 200 nm film on top of several different 
substrates. Different manipulation and preparation of these substrates yielded 
different surface structures, like nano-pits, which give the samples more 
surface area. This is ideal for applications such as gas storage, catalysis and 
the attachment of thiol compounds. Varying surfaces including Au (111) was 
obtained which would translate into different orientations of the thiol self-
assembling monolayer. Film characterization was performed using Atomic 



Force Microscopy (AFM) and Scanning Electron Microscopy (SEM) to ensure 
uniform, consistent, and unique thin films. 

COLL 301 

Synthesis and characterization of organosoluble 
Au36(SPhCH3)24 nanomolecules 

Vigneshraja Ganeshraj, Vigneshraja.Ganeshraj@gmail.com. Chemistry and 
Biochemistry, University Of Mississippi, Oxford, Mississippi, United States 

Thiolate protected gold nanomolecules with less than 3 nm in size have high 
atomic precision (±0 atoms) and various applications in sensors, solar cells, 
electrocatalysis, imaging and nanomedicine. In this work, we report the 
synthesis, isolation and comprehensive characterization of 
Au36(SPhCH3)24 (HSPhCH3= p-toluene thiol) nanomolecules. The reaction 
progress was monitored by using mass spectrometry and optical studies. The 
composition was determined using high resolution electrospray ionization 
mass spectrometry (ESI-MS) and Matrix Assisted Laser Desorption Ionization 
mass spectrometry (MALDI-MS). Optical studies are also done on 
Au36(SPhCH3)24 nanomolecules to support this work 

COLL 302 

Nanomite-decorated nanoparticles as surface-enhanced spectroscopy 
substrates 

Wallis E. Scholl, walliselainescholl@gmail.com, Cady A. Lancaster, Matthew 
A. Ticknor, Jennifer S. Shumaker-Parry. Univ of Utah, Salt Lake City, Utah, 
United States 

Surface-enhanced spectroscopy substrates utilize the localized surface 
plasmon resonance of nanoparticles for optical, photocatalysis, and biological 
and chemical sensing applications. Plasmonic anisotropic nanoparticles with 
sharp tips focus the electromagnetic field of the localized surface plasmon 
resonance into a small volume, thereby producing a local electric field 
enhancement. Top-down fabrication and bottom-up synthesis of nanoparticles 
provide different benefits to preparing nanoparticle assemblies used in 
surface-enhanced spectroscopies. Fabricated nanostructures have very 
reproducible geometries and defined surface areas. Synthesized 
nanoparticles can have larger enhancements due to finer control of shape via 
facet passivation. However, synthetic nanoparticles can aggregate and fall out 



of solution, making their use somewhat limited. By combining top-down 
fabrication with bottom-up synthesis, we have fabricated gold nanostructures 
and added branched clusters using a seeded synthesis. The clusters 
resemble nanomites covering the underlying plasmonic structure, and the 
sharp tips provide excellent enhancement of the localized surface plasmon 
resonance without risk of aggregation. The resulting structures were 
examined under infrared-microscopy, surfaced-enhanced infrared microscopy, 
and scanning-electron microscopy, revealing synthesized structures with high 
levels of branching that yielded high refractive index sensitivity and the 
potential for increased enhancement in the infrared region. 

COLL 303 

Multicolor carbon dots based on solvatochromism 

Hua Wang1,3, Philip Haydel1, Langhuong Earb1, Shengnian Wang2, William 
Yu1, wyu6000@gmail.com. (1) Louisiana State University in Shreveport, 
Shreveport, Louisiana, United States (2) Chemical Engineering, Louisiana 
Tech University, Ruston, Louisiana, United States (3) LA Tech, Ruston, 
Louisiana, United States 

Carbon nanoparticles (carbon dots) often emit strong blue color and weak 
excitation wavelength dependent other colors (mostly green and yellow), 
which is quite different from traditional inorganic metal-chalcogenide based 
quantum dots. Apparently, this situation seriously limits the broad application 
potentials of carbon dots. But it is challenging to synthesize carbon dots with 
various bright color emissions that are ideally excitation wavelength 
independent, and few relevant reports have been published. We present here 
that it is possible to prepare carbon dots emitting different colors and the 
emissions are strictly excitation wavelength independent when they are 
dispersed in different solvents. This unique and broad solvatochromic spectra 
can also be realized when the same carbon dots are mixed with different 
polymers as stable solid state phosphors. All of the visible colors can be seen 
using a single UV light excitation source, and the solid state emissions are still 
excitation wavelength independent. These solid state carbon dots are easily 
applied as LED phosphors for various visible colors. 

COLL 304 

Construction of hybrid alginate nanogels loaded with manganese oxide 
nanoparticles for enhanced tumor MR imaging 



Wenjie Sun1, Jiulong Zhang2, Changchang Zhang1, Peng Wang1, Chen 
Peng2, Mingwu Shen1, Xiangyang Shi1, xyshius@yahoo.com. (1) 
Bioengineering, Donghua University, Shanghai, China (2) Radiology, 
Shanghai Tenth People's Hospital, Tongji University School of Medicine, 
Shanghai, China 

Development of sensitive contrast agents for positive magnetic resonance 
(MR) imaging of biosystems still remains a great challenge. Herein, we report 
a facile process to construct hybrid alginate (AG) nanogels (NGs) loaded with 
manganese oxide (Mn3O4) nanoparticles (NPs) for enhanced tumor MR 
imaging. In this study, polyethylenimine (PEI)-modified Mn3O4 NPs (PEI-
Mn3O4 NPs) were prepared and used as a crosslinker to chemically crosslink 
the AG NGs with activated carboxyl groups formed via a double emulsion 
process. The obtained AG/PEI-Mn3O4 NGs with a mean size (dTEM) of about 
141.6 nm display excellent colloidal stability in aqueous solution and good 
cytocompatibility in the studied concentration range. Moreover, MR 
relaxometry measurements indicate that the hybrid NGs have a high 
r1 relaxivity of 26.12 mM-1s-1, which is about 43 times higher than that of PEI-
Mn3O4 NPs. Furthermore, the AG/PEI-Mn3O4 NGs presented better 
performances for MR imaging of cancer cells in vitro and a subcutaneous 
tumor model in vivo than PEI-Mn3O4 NPs with PEI surface amine acetylated. 
With the good biosafety confirmed by histological examinations, the 
developed AG/PEI-Mn3O4 NGs may be potentially used as an efficient 
contrast agent for enhanced MR imaging of different biosystems. 

COLL 305 

Multifunctional biochar for highly efficient capture, identification and 
removal of toxic metal ion and superbugs from water sample 

Ye Gao, feng36gy@gmail.com, Avijit Pramanik, Paresh C. Ray. Dept of 
Chemistry, Jackson State University, Jackson, Mississippi, United States 

Biochar is an environmentally-friendly product formed by the thermal 
decomposition of biomass. Biochar is rich in carbon moieties and is porous, 
allowing ease of modification and high surface areas. Such properties make it 
applicable in many fields, including bio-imaging and bio-sensing. Because of 
its easily tuned surface functionality and porosity, biochar is recognized as a 
promising platform for the synthesis of a broad range of functional materials.  
This research involved the biochar dots that were synthesized from the 
biochar network using a hydrothermal process, modified with amine 
functionalized magnetic nanoparticles which are synthesized using ferrous 



sulfate and polyethylenimine. The MRSA bacterial and Co(II) contaminated 
environmental sample was used to demonstrate that the multifunctional 
biochar can be used for the capturing, identification and removal of toxic 
metals and pathogens. Reported data show that multifunctional biochar 
development opens a new possibility for capture and removal of MRSA and 
Co(II) from environmental samples. 

COLL 306 

Organize gold nanoparticles by DNA origami cage 

Yehan Zhang, yehanzhang88@gmail.com. Chemistry and Chemical Biology, 
University of California Merced, Merced, California, United States 

One of the critical challenges of localized surface plasmon resonance (LSPR) 
sensing is the precise alignment of metal nanoparticles. DNA origami has 
emerged as a promising candidate to organize metal nanoparticles due to its 
spatial accuracy and reproducibility. Here, we synthesized a three-
dimensional (3D) hollow DNA origami cage as a template to assemble a gold 
nanoparticle (AuNP) trimer structure for advanced LSPR sensing. A 10-nm 
AuNP was encapsulated in the inner cavity, and two 30-nm AuNPs were 
positioned at the two ends of the DNA origami cage with 5-nm gap between 
the smaller and larger AuNPs. Thiol-modified DNA functionalized AuNPs were 
anchored to the complementary capture strands on the DNA origami cage 
through DNA base pairing. The optimal synthesis and purification of DNA 
origami cage were also investigated. The accurate geometric control of AuNP 
trimer structures should provide significant signal enhancement of surface 
Raman spectroscopy (SERS) as shown in Finite-Difference Time-Domain 
(FDTD) simulation. The highly improved SERS device can be utilized in bio-
sensing. 

COLL 307 

Charge-reversal amphiphiles induced by pH: Distinctive interaction with 
normal and cancer cells 

Yincheng Chang, chang1874@mail.tsinghua.edu.cn, Zehuan Huang, Jiang-
fei Xu, Xi Zhang. Tsinghua University, Beijing, China 

This study is aimed to develop charge-reversal amphiphiles enabling charge 
conversion from negative to positive, which may display distinctive interaction 
with normal cells and cancer cells. To this end, we designed and synthesized 



a surfactant bearing with an alkyl chain and an anionic headgroup of amidized 
acid-labile β-carboxylic amides (C16N-DCA). It was found that the negatively 
charged C16N-DCA had a very low toxicity to normal cells at pH of 7.4. But 
once in tumor acidic microenvironment (pH 6.5-6.8), the acid-labile amides 
were hydrolyzed, thus changing the headgroup from negatively to positively 
charged. As a result, the cationic surfactants displayed good anticancer 
activity. Therefore, C16N-DCA exhibited distinctive interaction with normal 
cells and cancer cells. For example, IC50 was 74.9 micromol to normal liver 
cells (L02), while IC50 was 7.9 micromol to liver cancer cells (HepG2). This 
strategy may open up a new route for the cancer chemotherapy by use of 
charge-reversal amphiphiles. 

COLL 308 

Effect of oil droplet size on stability of concentrated oil-in-water 
emulsion with unsaturated fat 

Masafumi Shinada, Yoshiyuki Watanabe, 
wysyk@hiro.kindai.ac.jp. Department of Biotechnology and Chemistry, Faculty 
of Engineering, Kindai University, Higashihiroshima, Hiroshima, Japan 

With increase in age, chewing ability and intake functionality decrease. This 
can induce aspiration pneumonia, which is one of the major causes of death. 
Therefore, appropriate food texture is needed for easy swallowing by the 
elderly to prevent aspiration. Unsaturated fat, which is an important food 
ingredient that is converted to various bioactive compounds in the human 
body. However, use of unsaturated fat in food for the elderly is limited due to 
its strong lipophilicity and low oxidative stability. An oil-in-water (O/W) 
emulsion is useful as a utility form of lipid. The emulsion is a 
thermodynamically metastable dispersed system, and it leads to phase 
separation after creaming, flocculation, and coalescence due to high 
interfacial tension between the aqueous and oil phases. Thus, stably 
concentrated emulsion is required for the production of food with functional 
lipid for the elderly. In this study, the effect of oil droplet size on the stability of 
concentrated O/W emulsion with unsaturated fat was examined. 
A 90-mL aqueous solution containing pectin (6%–8%, w/v) and decaglycerol 
monolaurate (1%, w/v) was prepared and was added to 10 mL of soybean, 
olive, or fish oil. The mixture was emulsified using a rotor/stator homogenizer 
for 15 min at 15,000 rpm in a tube immersed in ice water. The prepared 
emulsion was stored at 37°C in a dark container. Particle size distribution of 
oil droplets in the emulsion was measured using a laser diffraction particle 
size analyzer. Furthermore, to evaluate the oxidative stability of the emulsion, 



peroxide values of the emulsion were periodically measured. 
The concentration of the pectin was directly related to the viscosity of the 
emulsion. At any concentration of pectin, the viscosity gradually decreased 
with the length of the storage. The initial median diameter of oil droplets in the 
emulsion decreased with increasing pectin concentration, indicating the 
emulsifying ability of pectin. However, similar tendency was observed for the 
emulsion, whose pectin concentration was 6% (w/v), with different initial 
median diameter and particle size distribution. This indicates that particle size 
in the emulsion affects the viscosity of the emulsion. The oxidative stability of 
the emulsion was low at high pectin concentration and low initial median 
diameter. This cause remains unclear but heat generated during 
homogenization may destabilize the emulsion for lipid oxidation. 

COLL 309 

Preparation of angle-independent color materials by applying Mie 
resonances 

Yui Naoi, naoi.yui@c.mbox.nagoya-u.ac.jp, Yukikazu Takeoka, Takahiro 
Seki. Molecular and Macromolecular Chemistry, Graduate School of 
Engineering, Nagoya University, Nagoya, Japan 

The structural colored materials can be prepared by using safe materials, 
because structural colors are caused by the microstructure that is comparable 
to the wavelength of light on the surface of the materials. Therefore, they are 
expected for the applications of environmentally and human-body friendly 
materials. 
In our previous work, colloidal amorphous arrays, where monodispersed 
colloidal particles form an aggregate with short-range order, were found out as 
angle-independent color materials under natural light. The term “natural light” 
means the conditions where a sample is illuminated from all directions such 
as in a sunlight and a fluorescent light. The arrays have an isotropic structure, 
and scatter a specific light in all directions called “coherent light scattering”, so 
they display angle-independent colors. Although they usually appear whitish 
faint colors due to the contribution of multiple scattering, we succeeded in 
taking on brilliant colors of the arrays by adding black particles such as carbon 
black diminishing the contribution of the multiple scattering. However, there is 
still a problem that the structural colors from the arrays show angle-
dependence under directional lighting. 
More recently, we know that peaks caused by a different mechanism from the 
coherent light scattering in the short wavelength side can be observed in 
reflectance spectrum of the arrays. These peaks are believed to be due to the 



phenomenon called “Mie resonances” that is caused by total reflection of light 
within particles. We discovered that the positions of these peaks shift toward 
longer wavelength side by increasing diameters of the colloidal particles. 
Moreover, the positions of the peaks don’t change at all even when changing 
the irradiation direction of light or observation direction. In this study, by using 
large colloidal particles, the peaks derived from Mie resonances are 
generated in the visible region, thereby preparing a colored material without 
angle-dependence. 

 
 
Figure. Angle-dependent reflectance spectra of colloidal amorphous arrays with 
different particle diameters. 

COLL 310 

Self-assembled polydopamine coatings via drop casting 

Yunshi Zhou, zhou43y@mtholyoke.edu, Wei Chen. Chemistry Dept, Mount 
Holyoke College, South Hadley, Massachusetts, United States 

It has been established about a decade ago that dopamine (DA) oxidizes, 
polymerizes, and aggregates readily in solution and deposites onto a variety 
of substrates to form robust polydopamine (PDA) coatings. The coating 
process typically involves submerging a substrate of interest in a buffered 



solution containing dopamine. Recently, we observed self-assembled patterns 
of PDA films upon drop casting aqueous solution containing DA, sodium 
periodate (SP) and acetate buffer onto silicon wafer substrates. The formation 
of the ordered thin films appears to consist of drying-induced self-assembly of 
component materials (DA, oxidant and buffer salt) in addition to PDA 
materials. Experiments have been carried out by varying the type of oxidant 
(SP or oxygen), using solutions containing a subset of the components and 
dopamine solutions that are aged for a varying amount of time. Optical 
microscopy is used to study drying dynamics of freshly cast DA solution as 
well as to image dried films. Dynamic light scattering and transmission 
electron microscopy are utilized to characterize the PDA particles formed in 
solution in parallel. The stability of the PDA thin films prepared by self-
assembly is assessed by soaking the samples in water under acidic, basic, 
and neutral conditions. The films are characterized by ellipsometric thickness, 
dynamic water contact angles, and surface morphology before and after the 
stability test. The objectives of this research are to elucidate the role of the 
individual component in the self-assembly and film formation process as well 
as the integrity of the resultant PDA thin films. 

COLL 311 

Novel synthesis of bispectral obscurant smoke 

Zach Zander1, zach.zander@us.army.mil, Danielle Kuhn2, Amee Polk1. (1) 
Edgewood Chem Bio Center, Gunpowder, Maryland, United States (2) 
National Acadamies of Science, Engineering, and Medicine, Edgewood, 
Maryland, United States 

Bispectral screening smokes are of interest to the U.S. Army due to the 
proliferation of thermal imaging, night vision, and thermal guided threats. 
Metal Organic Frameworks (MOFs) are compounds consisting of metal ions 
coordinated to organic ligands. This coordination results in a stable porous 
structure. It is hypothesized that MOFs can be used to replace, supplement, 
or enhance components of pyrotechnic formulations in order to produce a 
visible/IR blocking smoke. To date no work has been done to explore using 
MOFs in obscuration. The structural components of MOFs are uniquely suited 
to smoke production since MOFs consist of a self-contained pyrotechnic mix, 
including a fuel (metal node) and oxidizer (ligand). UiO-66, a zirconium based 
MOF containing terephthalic acid (TA) ligands has been identified as a 
potential high performer for this study as it is composed of metal oxides and 
organic linkers whose visual obscuration properties are well characterized. 
Preliminary studies conducted using UiO-66 as a replacement for TA in the 



smoke formulation provided successful smoke production. It is surmised that 
functionalization of the MOF may result in binding to IR producing particles, 
influence formation of metal rods in the porous space, and/or decrease 
agglomeration. UV-Vis spectroscopy and other analytical aerosol techniques 
are used to quantify the obscuring properties of a MOF and composites. 

COLL 312 

Pentamer substrate for reproducible surface enhanced Raman 
spectroscopy 

Zachary Petrek, zpetrek@gmail.com, Uriel Paez, Tao Ye. Chemistry and 
Chemical Biology, University of California Merced, Merced, California, United 
States 

Substrates for Surface Enhanced Raman Spectroscopy (SERS) were made 
from five 30-nm gold nanoparticles using DNA origami as templates for 
assembly. Gold nanoparticles are arranged on DNA origami tiles through base 
pairing between single-stranded DNAs on the gold nanoparticles and 
complementary strands on the DNA tiles. This assembly results in a 
reproducible gap between gold nanoparticles where the Raman signal is 
enhanced through surface plasmon resonance coupling. The assembled 
substrates were encapsulated in a silica matrix to provide stability to the 
substrate. This ensures reproducible SERS in a variety of different 
environments, including conditions that do not favor DNA base pair bonding. 
The end goal is to be able to detect a single molecule in each of the six 
hotspots on the substrate. 

 



 

COLL 313 

Reinforcing the anticorrosion property of epoxy coating by modified 
graphene oxide with urea–formaldehyde resin 

Zheng Hongpeng, zhp1992@hrbeu.edu.cn, Yawei Shao. Institute of 
corrosion science and surface technology, Harbin Engineering University, 
Harbin, Heilongjiang, China 

The corrosion seriously damages the industry and economy and poses a 
great threat to humans. The use of protective coatings,especially epoxy resin 
coatings,is one of the most effective measuresused for anticorrosion. 
Particularly,the addition of nanometer fillers with smaller size and greater 
specific surface area to improve the barrier and anticorrosion properties of has 
been studied extensively. Graphene and graphene oxide (GO) 
nanosheets,which are two-dimensional carbon nanomaterials with excellent 
physical and chemical properties, have attracted the attention in the field of 
coatings. 
 
However,the studies about GO nanosheets as fillers were limited because of 
the poor compatibility, which could cause nanosheets serious reaggregation 
during the preparation of coatings. 
 
We synthesized a new type of modified graphene oxide (GO) coating by 



anchoring a prepolymer of urea–formaldehyde (UF) resin onto GO sheets 
through in situ polycondensationfor the first time. The results of SEM, FT-IR, 
and XRD experiments showed UF bonded chemically with –COOH on GO 
surface and formed microspheres that protected the modified GO sheets from 
reuniting during grinding. Dispersion of the modified GO sheets in epoxy resin 
was studied by sedimentation test, TEM, and SEM. Modified GO sheets 
dispersed throughout the epoxy resin more extensively than unmodified GO 
sheets. The anticorrosion properties of the coatings were examined by EIS 
measurements. The barrier performance and anticorrosion properties of 
modified GO sheets in the epoxy coating were prominently superior to those 
of unmodified GO sheets. Finally, lipophilic modified GO sheets that were 
thoroughly dispersed in the epoxy resin, prevented the corrosive medium from 
further permeating through diffusion channels to the steel substrate surface. 
Ultimately, the protective performance of epoxy coatings was improved. 

 
 
Schematic representation of the GO modified with UF prepolymer 
 
 



COLL 314 

Developing a technique to determine the packing density of a lipid 
bilayer and exploring the effect of packing density on membrane fusion 

Zhi-Yu Liu, ww.3tds@yahoo.com.tw, Yi-Fan Chen. Chemical and Materials 
Engineering, National Central University, Taoyuan, Taiwan 

Lipid membranes are both solid- and liquid-like. In our previous study, we 
provided evidence supporting the existence of the coupling between the solid- 
and liquid-like characteristics of the membranes, i.e., the coupling between 
the membrane elasticity and in-plane dynamics. This coupling was proposed 
to arise from the mutual dependence on the lipid molecular packing density of 
membranes’ solid- and liquid-like features. In order to verify this proposition, 
we explore ways to develop a scattering-based technique allowing one to 
determine the lipid molecular packing density across a bilayer. The 
correlations between the packing density and two elastic properties of lipid 
bilayers, the spontaneous curvature C0 and bending modulus Kcp, and 
between the packing density and membrane fusion are also scrutinized by 
exploiting this technique. Understanding the correlations may reveal the 
molecular mechanisms underlying the C0 and Kcp dependence of membrane 
fusion and explain how the crucial process of fusion is regulated in living 
organisms from an uncharted perspective. 

COLL 315 

Influences of surface chemistry and nanoscopic roughness on the 
frictional properties of MoS2 nanosheets 

Zhuotong Liu1, lzhuotong@gmail.com, James Batteas2. (1) Chemistry, Texas 
A&M University, College Station, Texas, United States (2) Texas A&M 
University, College Station, Texas, United States 

Reducing friction and wear in devices is important as a potential cost savings 
method for minimizing energy loss. Solid 2D materials such as molybdenum 
disulfide (MoS2) have gained interest because their tribological properties lend 
to their use as solid lubricants. Adding a single layer of MoS2 (SLM) restores a 
crystal lattice to amorphous interfaces, leading to incommensurate contact 
and increased ease of sliding. However, the nanoscopic roughness present at 
sliding interfaces poses a challenge to the implementation of SLM because its 
tribological properties depend on interactions with the supporting substrate. 
To understand and control the mechanical behavior of SLM in sliding 



contacts, it is crucial to learn how the frictional response of SLM is influenced 
by both the SLM-substrate interaction strength and its conformity on rough 
surfaces. To study this behavior, atomic force microscopy (AFM) was used to 
evaluate the structure of MoS2 nanosheets deposited on SiO2 surfaces that 
have nanoscopic roughness and controlled chemistry. Additionally, friction 
force microscopy (FFM) was used to investigate the tribological properties of 
this system. It was found that MoS2 partially conforms to nanoscopically rough 
surfaces, and that the conformity depends on both the layer thickness and the 
applied load. Friction measurements showed single layer MoS2 (SLM) on a 20 
nm NP film exhibits greater friction than SLM on a 50 nm NP film because of 
more stick-slip motions at tip-SLM surfaces. In addition, monolayer MoS2 on 
functionalized substrates shows larger friction than SLM on unmodified 
substrates, resulting from the larger shear stress of MoS2-SAM composites. 
The investigation of the conformity, strain and friction of ultrathin 
MoS2 nanosheets on substrates with various roughness and chemistry opens 
the possibilities of tuning the frictional properties and using of MoS2 in 
nanotechnologies and catalysts. 

COLL 316 

Applications of nanotechnology in bone tissue regeneration 

Jaime Santillan, jsantillanm@hotmail.com. Physics, University of Puerto 
Rico, Caguas, Puerto Rico, United States 

Current engineered bone scaffolds are fabricated using synthetic and natural 
polymers. These biomaterials exhibit excellent biocompatibility and designed 
scaffolds intent to fully meet physico-mechanical properties like natural bone. 
In this research, we prepared cellulose acetate (CA) nanofibers to use as a 
fibrous scaffold for bone tissue regeneration. Its large nanostructured 
topography, that act as an artificial extracellular matrix, desired 
biocompatibility and low cost of production make cellulose a suitable 
biomaterial for this end. To improve mechanical strength of CA scaffolds, 
incorporation of well-dispersed nanodiamonds (ND) have been addressed as 
a promising nanofillers. To avoid poor dispersion of nanodiamonds in the CA 
matrix, the novel salt-assisted ultrasonic deaggregation (SAUD) technique 
was used. In contrast to other deaggregation techniques, SAUD provides a 
properly improvement in quality of ND dispersion and this is reflected in the 
optimization of mechanical properties of cellulose acetate-nanodiamond (CA-
ND) scaffolds. Results obtained after 2 and 5 days of osteoblastic-cell culture 
in our CA-ND scaffolds, showed good proliferation and no negative effects. 
Dynamic light scattering and scanning electron microscopy were used to 



characterize the average size of SAUD nanodiamonds and cell morphology, 
respectively. The obtained results, confirmed that CA-ND scaffolds could have 
potential applications on the biomedical field. 

COLL 317 

Controlling water evaporation through self-assembly 

Emma Sparr1, emma.sparr@fkem1.lu.se, Kevin Roger2, Daniel Topgaard1, 
Håkan Wennerström4, Dat Pham1, Sebastian Björklund3. (1) Lund University, 
Lund, Sweden (2) Toulouse University, Toulouse, France (3) Malmö 
University, Malmö, Sweden 

Background: Land-living organisms face the challenge that the ambient air is 
much drier than what is found in a living cell. One strategy to counter this 
drying-out threat is through lipid-protein barrier membranes, like the human 
skin. The water transport across an inert diffusional barrier is proportional to 
the difference in water chemical potential between inside and outside. 
However, measurements show that for a typical human skin the water loss 
increases as RH is lowered from 99% but it levels off around a value of 
RH≈80%. Thus the skin responds to drier conditions by decreasing its water 
permeability. 
 
Questions addressed: When a liquid sample (or a water-rich tissue) is 
exposed to ambient air, there are typically non-equilibrium conditions at the 
air-liquid interface. There is then possibility that phase transitions are induced 
in the water gradient, leading to interfacial phase separation. In the present 
study, we aim at the basic mechanisms behind the formation of multilayer 
interfacial films in a water gradient and how this control evaporation of water. 
 
Results and discussion: We show that simple amphiphiles/water systems 
reproduce the responding behavior seen for skin that the water evaporation is 
maintained at nearly constant level independently of air humidity. Based on 
this together with previous theoretical and experimental studies coupling 
between structure and transport in membranes in lipid systems and skin, we 
propose a mechanism originating from responding self-assembly structures. 

 



 
 
Multi-technique characterization of interfacial phase separation in a DDM/water 
model system. Upper panel: observations through optical microscopy using crossed 
polarizers. Phase boundaries are visible as lines parallel to the capillary edge. 
Superimposed are quantitative data of the water gradient (red line), as obtained from 
IR microscopy. Middle panel: structural maps obtained through cSAXS. 

COLL 318 

Self-assembly of block copolymers in ionic liquids: Mixed pluronics- 
structure, rheology and use as wearable electronics 

Norman J. Wagner2, wagnernj@udel.edu, Ru Chen1, Carlos Lopez-
Barron1. (1) Chemical Engineering, University of Delaware, Newark, 
Delaware, United States (2) Dept of Chemical Engineering, University of 
Delaware, Newark, Delaware, United States 

The goal of this work is to understand and control hierarchical nanostructure 
formation by block-copolymer self-assembly in ionic liquids. A viable 
technological application is wearable electronics. The structural and 
rheological properties of a model series of binary Pluronic block copolymer 
mixtures dissolved in a protic ionic liquid are studied as a strategy to modulate 



and control the soft solid behavior of amphiphilic block copolymers in ionic 
liquids. The softness is controlled via tuning the mixture composition of 
Pluronic block copolymers P123 and F127 self-assembled in deuterated 
ethylammonium nitrate (dEAN). Equilibrium microstructures are studied by 
linear viscoelasticity and small angle neutron scattering (SANS) 
measurements, while the shear induced microstructures are probed by rheo-
SANS in the radial direction (1-3 plane of flow) under steady shear flow. We 
find that mixing block copolymers yields mixed micelles, where the micelle 
radius is nearly constant despite the very different block lengths of the 
components. At higher concentrations, these micelles arrange into body 
centered cubic (BCC) or face centered cubic (FCC) lattice depending on the 
mixing ratio. These cubic phases are formed by quiescently heating the 
mixture systems from the liquid region of the phase diagram, i.e., inverse 
melting. Under steady shear flow, increasing shear rate induces three 
structural transitions: polydisperse FCC lattice at low shear rates, formation of 
HCP layers at intermediate shear rates, shear-melting at high shear rates, 
with dependence on the mixing ratio. This study enables modifying the 
structural, and hence rheological, properties of Pluronic block copolymers in 
ionic liquid solvent through polymer mixing, providing guidance for formulation 
and processing. The use of these materials in making novel, ionoelastomers 
for applications in wearable electronics will be presented. 

COLL 319 

Lowering of surface tension of water by surfactants: Principles of 
molecular design 

Alexey Kabalnov, alexey.kabalnov@hp.com. Hewlett Packard Inc, San 
Diego, California, United States 

While it is generally recognized that surfactants with fluorinated or siloxane 
tails reduce the surface tension more efficiently than their hydrocarbon 
analogues, there is a variability between the surfactants of the same class in 
terms of their ability to ultimately lower the surface tension (i.e., in their 
surface tension at the critical micelle concentration, σcmc). In this presentation, 
a simple model, connecting the σcmc and the surfactant molecular structure 
design/phase behaviour is presented. In general, very hydrophobic 
surfactants forming a lamellar phase with a slightly negative spontaneous 
curvature reduce the surface tension the most. In practical formulations, very 
hydrophobic surfactants tend to be slow absorbers, and the dynamic effects 
limit their usefulness. 



COLL 320 

Kinetic stability of non-ionic surfactant vesicles 

André P. Schroder2, Jérome Crassous1, Carlos M. Marques2, Ulf Olsson1, 
ulf.olsson@fkem1.lu.se. (1) Physical Chemistry, Lund University, Lund, 
Sweden (2) Institut Charles Sadron, Université de Strasbourg, Strasbourg, 
France 

Surfactant/lipid vesicles are closed bilayer aggregates that are interesting to 
understand because of their importance in several biological processes. They 
are often surprisingly stable, partly because of an intriguing stability against 
Ostwald ripening. If, in addition, fusion events are rare, a vesicle dispersion 
may retain its size distribution for weeks and months. For this reason, kinetic 
stability is sometimes misinterpreted as thermodynamic stability. Here we will 
focus on vesicle (membrane) fusion and how its kinetics depends on the 
surfactant monolayer spontaneous curvature, H0. As model system we have 
studied the binary water-C10E3 (CH3(CH2)9(OCH2CH2)3OH) system, 
where H0 of the non-ionic surfactant monolayer can be conveniently tuned by 
varying the temperature.(Here we use the convention that curvature away 
from water is counted as positive, and H0 decreases with increasing 
temperature.) In the vicinity of H0=0 (here T≈26 °C), the surfactant forms two 
bilayer phases. A lamellar phase, when H0>0 (T<26 °C) and a sponge phase 
when H0<0 (T>26 °C). It is found that the lamellar phase can in excess water 
be fragmented into kinetically stable uni-lamellar vesicles, but the sponge 
phase can not. Above 26 °C vesicles spontaneously fuse and the rate 
increases with increasing temperature. The fact that vesicle fusion typically 
requires H0>0 is consistent with membrane fusion models involving the so-
called stalk intermediate structure. With giant uni-lamellar vesicles, the fusion 
process can be followed by rapid confocal laser scanning microscopy, using a 
membrane soluble fluorescent dye. Stable dispersions of 2-3 micrometer 
vesicles, were rapidly heated to temperatures >26 °C. Inter-vesicle fusion, 
followed by intra-aggregate fusion events, finally results in sponge phase 
droplets. Due to the low bending rigidity (≈5 kBT) of the bilayer membrane, the 
giant vesicles undergo large amplitude shape fluctuations. From analyzing the 
fluctuations of individual membranes the membrane rigidity was estimated. 

COLL 321 

Lipid materials processing: The emergence of super-swelled membrane 
single-crystals 



Cecilia Leal, cecilial@illinois.edu. Materials Science and Engineering, 
University of Illinois, Urbana-Champaign, Urbana, Illinois, United States 

We will discuss how the processing of certain lipid mixtures - described by my 
PhD advisor Prof. Wennerström as “often out of equilibrium” - can lead to new 
materials and applications. Specifically, we will present how the swelling of 
three-dimensional bicontinuous cubic phases of lipids out-of-equilibrium can 
be dramatically enhanced. Unexpectedly, these conditions also dictate 
mesophase ordering. X-ray and electron microscopy diffraction data reveals 
that lipid bicontinuous cubic phases can develop as perfect single-crystals of 
unit cell dimensions exceeding 600 Å.  

COLL 322 

Physicochemical code for protein interactions in live cells 

Mikael Oliveberg, mikael@dbb.su.se. Department of Biochemistry and 
Biophysics, Arrhenius Laboratories of Natural Sciences, Stockholm University, 
Stockholm, Sweden 

How proteins sense and navigate the cellular interior to find their functional 
partners remain poorly understood. An intriguing aspect of this search is that it 
relies on diffusive encounters with the crowded cellular background, made up 
by protein surfaces that are largely non-conserved. The question is then 
if/how this protein search is amenable to selection and biological control? To 
shed light on this issue, we examined the motions of three evolutionary 
divergent proteins in the E. coli cytoplasm by in-cell NMR. The results show 
that the diffusive in-cell motions, after all, follows simplistic physical-chemical 
rules: the proteins reveal a common dependence on (i) net-charge density, (ii) 
surface hydrophobicity and (iii) the electric dipole moment. The bacterial 
protein is here biased to move relatively freely in the bacterial interior, 
whereas the human counterparts more easily stick. Even so, the in-
cell motions respond predictably to surface mutation, allowing us to tune and 
intermix the protein’s behaviour at will. The findings show how evolution can 
swiftly optimise the diffuse background of protein-encounter complexes by just 
single point mutations, and provide a rational framework for adjusting the 
cytoplasmic motions of individual proteins, e.g. for rescuing poor in-cell NMR 
signals and for optimising protein therapeutics. 

  



COLL 323 

Protein aggregation and gelation – insight from combining scattering, 
rheology and computer simulations 

Anna Stradner, anna.stradner@fkem1.lu.se. Department of Chemistry, Lund 
University, Lund, Sweden 

Understanding and avoiding protein aggregation and gelation is essential in 
formulating biopharmaceuticals. We show how we can use a combination of 
advanced characterization techniques such as light and x-ray scattering, 
neutron spin echo measurements and microrheology experiments, combined 
with the theoretical toolbox from colloid physics and state-of-the-art computer 
simulations, to assess and predict aggregation and gel formation in 
concentrated solutions of proteins. We will in particular address the influence 
of weak attractive patches on the structural and dynamic properties of 
concentrated protein solutions, and discuss how we can combine interparticle 
interaction effects and the formation of (transient) equilibrium aggregates in an 
attempt to understand and predict properties such as the concentration 
dependence of the osmotic compressibility, the short and long time diffusion 
coefficient and the zero shear viscosity of dense protein solutions. 

COLL 324 

Flipping out (or in) over lipids 

John C. Conboy, conboy@chem.utah.edu. Univ of Utah, Salt Lake City, 
Utah, United States 

Our current view of cellular membranes was established in the early 1970’s by 
Singer and Nicolson who described the membrane as a “liquid-like” bilayer of 
lipids, cholesterol, and proteins, which has rapid diffusion in two dimensions. 
In stark contrast, the exchange of lipids between the leaflets of a bilayer was 
presumed to be prohibited by the large energetic barrier associated with 
translocating the hydrophilic lipid headgroup, through the hydrophobic 
membrane core. This static picture of lipid flip-flop has been a long-held belief 
in the study of membrane dynamics. The goal of our studies has been to 
understand the complex interplay between the composition of lipid species in 
cellular membrane and the effect on lipid translocation using sum-frequency 
vibrational spectroscopy (SFVS). We have explored the kinetic rates and 
activation thermodynamics for lipid translocation for a variety of lipid species 
and membrane compositions. Specifically, the effect of lipid structure and 



packing and the inclusion of cholesterol and transmembrane peptides on the 
rates and thermodynamics of lipid translocation have been investigated in 
detail. It is our hope that these studies will provide a new perspective on lipid 
translocation in biological membranes and the role of lipid flip-flop in 
generating and maintaining cell membrane lipid asymmetry. 

COLL 325 

In your face: Adventures in computational vibrational sum-frequency 
spectroscopy 

Nicholas A. Valley, nicholas.adam.valley@gmail.com. California Northstate 
University, Sacramento, California, United States 

Vibrational sum-frequency (VSF) spectroscopy is a powerful tool for analysis 
of chemical phenomena at interfaces. Analysis of VSF spectra, however, has 
become an increasingly difficult task as systems of interest become ever more 
complex. An increased number of vibrational modes, all of which may interfere 
with each other, nearly demands the support of theoretical modeling. The 
computational prediction of vibrational sum-frequency spectra requires 
consideration of not only the response of an individual molecule, but the 
collective response of a molecule and its surroundings. Various approaches 
have been effectively used, many focused on the response of water. In order 
to support experimental efforts to understand increasingly complex systems, it 
became necessary to leverage methods that could provide reliable results 
without necessitating excessive computational expense. Recently, an 
approach based on the energy formulism of calculating VSF spectra has been 
successfully used to calculate spectra of various organic species at air/water 
and oil/water interfaces. The flexibility of the approach has allowed 
investigations into a variety of interesting systems and questions including 
volatile hydroscopic organic molecules important to atmospheric aerosols, 
how specific functional groups are hydrated at an interface, and the preferred 
arrangement of isotactic and syndiotactic polymers. 
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Oh the places you’ll go: Chemical structure, organizations and reactivity 
in asymmetric environments 

Robert A. Walker, rawalker@montana.edu. Montana State University, 
Bozeman, Montana, United States 



Surfaces impose asymmetry on adjacent liquids changing their intrinsic 
properties from bulk solution limits. These altered properties profoundly affect 
interfacial chemistry and create local solvation environments that cannot be 
described simply by scaling isotropic bulk behaviors. We have used a 
combination of linear and non-linear optical methods together with 
complementary thermodynamic measurements to characterize how solvent 
structure and organization at buried liquid interfaces control solute adsorption, 
accumulation and reactivity. Resonance enhanced second harmonic 
generation (SHG) studies characterize the local interfacial (static) dielectric 
environment while time resolved fluorescence performed in a total internal 
reflection geometry probe a solute’s dynamics and, under appropriate 
circumstances, isomerization kinetics. Vibrational sum frequency 
spectroscopy (VSFG) data provide structural and organizational details about 
how interfacial solvent organizes to accommodate the asymmetry and often 
competing forces in order to minimize interfacial free energy. This talk will 
consider results from representative solid/liquid interfaces and show how 
lessons learned from SHG, fluorescence, and VSFG experiments a can be 
extended to consider solvation and accumulation in related systems such as 
model biological membranes and in colloidal suspensions. 
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Science, serendipity and sustainability 

Bruce Chase1, chasedb@udel.edu, Isao Noda2,1, John F. Rabolt1. (1) 
Materials Science and Engineering, University of Delaware, Fairfield, Ohio, 
United States (2) Danimer, Bainbridge, Georgia, United States 

I first met Geri Richmond almost forty years ago. We have been both 
collaborators and friends, and over this time I have been privileged to see the 
growth of a first class scientist with depth and breadth of interest and 
expertise rarely seen. Geri has been driven by the science, first, last and 
always. However, she has also expanded her fields of interest through 
following the serendipitous results. Finally her interest in sustainability reaches 
from addressing needs in Africa to the development of the next generation of 
women scientists. In that spirit, I would like to tell you about our work with poly 
hydroxybutyrates. These are polymeric materials which are both bio-sourced 
and bio-degradable. We have been exploring processing methods of these 
materials with a focus on electro-spinning and manipulation of the secondary 
and tertiary structure. In the process of these investigations, two serendipitous 
results have lead to a widening of the exploration. We found that the polymer 
itself can form a thermo-reversible gel. This gelation process has opened up 



new processing approaches leading to different nanoscale and mesoscale 
structures. The second bit of serendipity involves piezoelectricity. A meta-
stable crystalline form was found to be piezoelectric and our current work is 
focused on routes to maximizing the amount and lifetime for this meta stable 
crystal form. 
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Making the rounds: Molecular characterization of surfactant stabilized 
nanoemulsion surfaces 

Geraldine L. Richmond, richmond@uoregon.edu. University of Oregon, 
Eugene, Oregon, United States 

Surfactant stabilized emulsions that are nanoscale in size (nanoemulsions) 
have caught the attention of many because of their newly discovered use in 
the synthesis of nanomaterials, oil recovery, drug delivery and food science. 
Unlike smaller emulsions (e.g. micelles with 2-20 nm diameters), very little is 
known about the molecular level properties of the surface 
of nanoemulsions whose diameters are in the 100-500 nm range. This 
presentation will describe our most recent results in studying the surfaces of 
reverse and regular nanoemulsions stabilized by charged surfactants. 
Important to these studies will be the comparison of the molecular assembly 
of these surfactants at the spherical oil/water droplet and the planar oil/water 
interface. Vibrational sum frequency spectroscopy conducted in a reflection 
and scattering geometry is employed in these studies for the planar and 
droplet surfaces respectively along with surface tension, zeta potential and 
dynamic light scattering methods. 
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Photo-induced pinocytosis for artificial cell feeding 

Danielle Konetski, danielle.konetski@colorado.edu, Dawei Zhang, 
Christopher Bowman. Chemical and Biological Engineering, University of 
Colorado, Boulder, Colorado, United States 

An essential step in the development of artificial cells is making these cells 
capable of taking up resources for sustained transcription and translation. 
Work on incorporation of appropriate machinery into the membrane to make 
this possible has proven to be complex and complicated. Here, we present the 
introduction of photocleavable units into the phospholipid structure through 



which photo-induced pinocytosis behavior is achieved. Upon exposure to 
365nm or 405nm light, cleavage products build up, leading non-spherical 
vesicles to engulf external fluid during their transition to a more spherical 
shape. This process would allow future artificial cellular systems to uptake 
resources that range from dNTPs and energy to whole proteins from the 
external environment. 
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In situ determination of membrane protein orientation 

Zhan Chen, zhanc@umich.edu. Univ of Michigan, Ann Arbor, Michigan, 
United States 

It is difficult to determine orientations of membrane proteins due to the lack of 
appropriate techniques. We developed a systematic methodology to apply 
sum frequency generation (SFG) vibrational spectroscopy to deduce 
membrane protein orientation in situ, with complemental measurements from 
attenuated total reflectance (ATR)-FTIR spectroscopy. This method has been 
successfully applied to determine membrane orientations of a variety of 
membrane proteins associated with supported lipid bilayers, such as G(beta-
gamma), G(alpha-beta-gamma), GRK2-G(beta-gamma) complex, GRK5 etc. 



In addition, the effect of lipid composition on the protein orientation has been 
elucidated.  
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Cellulose paper assembles vesicles from fatty acids and amphiphilic 
block copolymers 

Anand B. Subramaniam, asubramaniam@ucmerced.edu, Alexander Li, 
Joseph Pazzi, Melissa Xu. Department of Bioengineering, University of 
California, Merced, Merced, California, United States 

Dry films of glycerolipids and sphingolipids on cellulose paper, when placed 
into aqueous solutions, rapidly assemble into cell-sized giant lipid vesicles. 
This surprising property of ubiquitous cellulose paper introduced – in a 
method that does not require a power source or specialized equipment – a 
sustainable and economical means of scaling up the production of biomimetic 
lipid vesicles. In this talk, I report that the phenomena of cellulose paper-
assisted assembly of membranous vesicles 5 – 20 µm in diameter is general 
to a variety of scientifically and technologically important amphiphiles of 
diverse chemical structures and complexities such as fatty acids and 
amphiphilic block copolymers. Assembly of vesicles occurred on the cellulose 
fibers within 90 minutes of placing the amphiphile-coated paper into aqueous 
solutions. Varying thermal and chemical conditions, however, were required 
for vesicle assembly to occur. The inertness of cellulose allowed adaptation of 
paper to these different conditions. Rapidly assembling vesicles from diverse 
amphiphiles using cellulose paper is useful for studies of the origins of life, for 
making containers for drug delivery, and for producing artificial cells. 
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Bacteriorhodopsin membrane entrapped within photocatalytic 
amorphous titania 

Kaitlin E. Johnson1, Sukriti Gakhar1, Subhash H. Risbud2, Marjorie L. 
Longo1, mllongo@ucdavis.edu. (1) Department of Chemical Engineering, 
University of California Davis, Davis, California, United States (2) Department 
of Materials Science and Engineering, University of California Davis, Davis, 
California, United States 

Bacteriorhodopsin (BR) in its native purple membrane has been successfully 
encapsulated within water-based titania gels made from precursor without 



added organic solvent as evidenced by substantial retention of the 
characteristic visible spectral absorbance over 20 days. These trends are also 
shown by visual inspection of the titania gel, wherein the titania gel maintains 
the pink-purple color indicative of the presence of properly folded BR when 
associated with its retinal chromophore. This was accomplished through our 
development of sol-gel processing conditions to eliminate the use of organic 
solvent after demonstrating that inclusion of organic solvents eliminated the 
characteristic BR visible spectra. Once encapsulated in the wet gel, BR was 
shown to reversibly convert from its dark adapted (mixed 13-cis- and all-trans-
retinal cofactor) to its light-adapted (all-trans-retinal) state, and to retain its 
thermochromic behavior, indicating that the pores did not hinder the 
membrane protein’s functionality to make conformational changes in response 
to its environment. This suggests that BR, whether in purple membrane or in a 
membrane nanodisc, will retain its ability to function as a proton pump, a 
factor in favor of using the protein over a conventional dye for sensitizing 
mesoporous titania gel to permit visible light photocatalysis. Moreover, we 
showed that the titania gels display the characteristic amorphous titania band-
gap of 3.4 eV and were photocatalytic at a level comparable with commercial 
crystalline nanopowders under UV irradiation. In addition to these results, our 
related past and most recent progress will be presented. 
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Designing size-controllable bicelles 

Carmi Mandelkern2, Yuting Liu2, Ibtihal Alahmadi3, Kuo-Chih Chih1, Justin 
Fang4, Mu-Ping Nieh1, mu-ping.nieh@uconn.edu. (1) Polymer Program, 
Institute of Materials Science, University of Connecticut, Storrs, Connecticut, 
United States (2) Department of Chemical & Biomolecular Engineering, 
University of Connecticut, Storrs, Connecticut, United States (3) Department 
of Biomdeical Engineering, University of Connecticut, Storrs, Connecticut, 
United States (4) Department of Physiology & Neurobiology, University of 
Connecticut, Storrs, Connecticut, United States 

Bicelles are mixtures of long- and short- chain lipids mostly forming bilayered 
disc-like micelles of radii ranged from 10 to 20 nm. Due to the difference in 
spontaneous curvature and immiscibility, the long- and short- chain lipids are 
mainly located at the low-curvature planar and high-curvature edge parts of 
the self-assembled nanodiscs, respectively. As a result, the morphology (size 
and shape) of the bicelles is mainly dictated by the molecular architectures. In 
this presentation, we will demonstrate that the size of the nanodiscs can be 
controlled by a kinetic process through polyethylene glycol conjugated lipid, 



cholesterol, salinity of the solution and incubated temperature. Since the 
nanodiscs show higher cellular uptake than spherical vesicles of the same 
chemical composition do, the size-controllable property provide an important 
adjustable parameter to design and optimize the platform as a potential 
theranostic delivery nanocarriers. 
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Assessing the structure and stability of transmembrane oligomeric 
intermediates of an alpha-helical toxin 

Rajat Desikan1, Prabal K. Maiti3, Ganapathy K. Ayappa1,2, 
ayappa@chemeng.iisc.ernet.in. (1) Chemical Engineering, Indian Institute of 
science, Bangalore, India (2) Centre for Biosystems Science and Engineering, 
Indian Institute of Science, Bangalore, Karnataka, India (3) Centre for 
Condensed Matter Theory, Department of Physics, Indian Institute of Science, 
Bangalore, Karnataka, India 

Protein membrane interactions play an important role in our understanding of 
diverse phenomena ranging from membrane-assisted protein aggregation to 
oligomerization and folding. Pore-forming toxins (PFTs) are the primary 
vehicle for infection by several strains of bacteria. These proteins which are 



expressed in a water-soluble form (monomers) bind to the target membrane 
and conformationally transform (protomers) and self-assemble to form a 
multimer transmembrane pore complex through a process of oligomerization. 
Our understanding of the molecular mechanism of pore formation, specifically 
for amphiphatic α-helical toxins is limited. Using molecular dynamics (MD) 
simulations we examine the process of pore formation of the bacterial α-PFT, 
cytolysin A from Escherichia coli (ClyA) in lipid bilayer membranes. Using 
atomistic MD simulations ranging from 50 to 500 ns, we show that 
transmembrane oligomeric intermediates or “arcs” form stable proteolipidic 
complexes consisting of protein arcs with toroidal lipids lining the free edges. 
We study the dynamics of spontaneous lipid evacuation and toroidal edge 
formation. This process occurs on the time scale of tens of nanoseconds, 
suggesting that once protomers oligomerize, transmembrane arcs are rapidly 
stabilized to form functional water channels capable of leakage. Using 
umbrella sampling with a coarse-grained molecular model, we obtain the free 
energy of insertion of a single protomer into the membrane. We connect the 
membrane insertion and ensuing conformational change as well as arc 
formation with recent single molecule and vesicle leakage data on ClyA from 
our laboratory as well as comment on the role of cholesterol on the pore 
forming pathway. 
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Bacillus subtilis lipid extract, A branched-chain fatty acid model 
membrane 

Jonathan Nickels1, jnickels@alumni.nd.edu, Sneha Chatterjee2, Barmak 
Mostofian2, Christopher B. Stanley2, Michael Ohl3, Piotr Zolnierczuk3, Roland 
Schulz4, Dean A. Myles2, Robert F. Standaert2, Xiaolin Cheng5, John 
Katsaras2. (1) Chemical and Environmental Engineering, University of 
Cincinnati, Cincinnati, Ohio, United States (2) Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, United States (3) Julich Center for Neutron Science, 
Julich, Germany (4) Intel Corporation, Hillsboro, Oregon, United States (5) 
The Ohio State University, Columbus, Ohio, United States 

Lipid extracts are an excellent choice of model biomembrane; however at 
present, there are no commercially available lipid extracts or computational 
models that mimic microbial membranes containing the branched-chain fatty 
acids found in many pathogenic and industrially relevant bacteria. We 
advance the extract of Bacillus subtilis as a standard model for these diverse 
systems. The development and validation of this model was recently 
published, providing a detailed experimental description and equilibrated 



atomistic bilayer model. The creation of this model represents an advance 
which enables more realistic simulations and experiments on bacterial 
membranes and reconstituted bacterial membrane proteins that might be 
incorporated in this membrane model. The equlibrated version of the atomistic 
membrane model are available as supplementary informtion to that Letter, at 
http://cmb.ornl.gov/members/cheng, or NickelsLab.com. 
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Monitoring and modulating ion traffic in hybrid lipid/polymer vesicles 

Walter Paxton2, wally.paxton@gmail.com, Patrick McAninch2, Komandoor 
Achyuthan1, Sun Hae Ra Shin2, Haley Monteith2. (1) Sandia National 
Laboratories, Albuquerque, New Mexico, United States (2) CINT, Sandia 
National Laboratories, Albuquerque, New Mexico, United States 

Controlling the traffic of molecules and ions across membranes is a critical 
feature in a number of biologically relevant processes and highly desirable for 
the development of technologies based on membrane materials. In this paper, 
ion transport behavior of hybrid lipid/polymer membranes was studied in the 
absence and presence of ion transfer agents. A pH-sensitive fluorophore was 
used to investigate ion (H+/OH-) permeability across hybrid lipid/polymer 
membranes as a function of the fraction of amphiphilic block copolymer. It was 
observed that vesicles with intermediate lipid/polymer ratios tend to be 
surprisingly more permeable to ion transport than the pure lipid or pure 
polymer vesicles. Hybrid vesicle permeability could be further modulated with 
valinomycin, nigericin, or gramicidin A, which significantly expedite the 
dissipation of externally-imposed pH gradients by facilitating the transport of 
the rate-limiting co-ions (e.g. K+) ions across the membrane. For gramicidin A, 
ion permeability decreased with increasing polymer mole fraction, and the 
method of introduction of gramicidin A into the membrane played an important 
role. Strategies to incorporate biofunctional molecules and facilitate their 
activity in synthetic systems are highly desirable for developing artificial 
organelles or other synthetic compartmentalized structures requiring control 
over molecular traffic across biomimetic membranes. 
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New molecules for single-molecule electronics in break junction devices 

Martin R. Bryce, m.r.bryce@durham.ac.uk. Chemistry, Durham University, 
Durham, DH1 3LE, United Kingdom 

We will report our recent work on the synthesis of new molecules which 
anchor in single-molecule junctions, and the characterization of their 
conductance properties using break junction techniques. We will particularly 
focus on two studies: (i) OPE-type systems with heteroaromatic cores, where 
our study establishes that both heteroaromaticity and quantum interference in 
the molecular core units play important and inter-related roles in determining 
the conductance of single molecule junctions. (ii) OPE derivatives with a 
phenothiazine core unit that can readily form a cation radical, leading to a 
dramatic radical enhanced conductance. The experimental results of these 
two studies are supported by theoretical calculations. 

 
 
Structures of representative molecules studied in single-molecule junctions 
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Photovoltaic response observed in thin molecular bilayer rectifiers with 
symmetric carbon contacts 

Scott R. Smith, srsmith1@ualberta.ca, Richard L. McCreery. Chemistry, 
University of Alberta, Edmonton, Alberta, Canada 

Research in molecular electronics has involved studying an electrical 
response through organic substituents that vary in structure and orbital 
energies within a molecular film located between two contacts. By careful 
consideration of the device design of incorporating multiple organic layers 
between symmetric carbon contacts, the electronic properties can be varied 
solely by the molecular substituents to achieve novel applications. 
Understanding the complex relationship between the structure, orbital 
energies, and electronic behavior of a multi-layered molecular junction is 
fundamentally paramount to engineering better molecular electronics. For 
example, creating an electron withdrawing layer that is subsequently overlaid 
with an electron donating layer between the carbon contacts allows for 
electronic rectifying behavior to be attained. By employing sp2 carbon based 
contacts, extremely stable organic bi-layers that vary in structure can be 
synthesized will relative ease and uniformity using an electrochemical 
diazonium “click” technique. Specifically, this project aims to build a two 
component, redox and photo-active molecular bi-layer (>20 nm total 
thickness) composed of an anthraquinone (electron acceptor) layer, and a 
thiophene derivative (electron donor) layer, sandwiched between two 
symmetric carbon electrodes to achieve the rectifier response. 
Electrochemical and spectroscopic characterization of the multi-layered 
device will be discussed in terms of its structure and intended applications in 
non-linear amplifiers and photovoltaics. 
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Molecular silicon electronics 

Rebekka S. Klausen, klausen@jhu.edu. JHU/Chemistry Dept., Baltimore, 
Maryland, United States 

The defining technologies of the modern era depend on silicon, from the solar 
cells that power telecommunication satellites to the integrated circuits in our 
laptops. The history of technological advancement has focused on doing more 
with less: creating highly efficient, lightweight and portable electronics. While 
molecular variants of other extended materials are well developed for 
electronic applications (for example, the pentacene core is a substructure of 
the graphitic carbon lattice), oligosilanes are not broadly studied as small 
molecule semiconductors. This talk describes the synthesis and properties of 
molecular and polymeric forms of silicon for electronic applications. 
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Insulated molecular wires: Inhibiting orthogonal contacts in metal 
complex 

David Costa Milan6, dcmilan@liverpool.ac.uk, Oday A. Al-owaedi8, Soeren 
Bock11, Marie C. Oerthel10, Michael S. Inkpen2, Dmitry S. Yufit10, Alexandre N. 
Sobolev9, Nicholas J. Long3, Tim Albrecht3, Simon J. Higgins7, Martin R. 



Bryce1, Richard Nichols5, Colin J. Lambert4, Paul J. Low11. (1) Chem Dept, 
Durham, United Kingdom (2) Columbia University, New York, New York, 
United States (3) Dept of Chemistry, London, United Kingdom (4) Lancaster 
University, Lancaster, United Kingdom (5) Liverpool University, Liverpool, 
United Kingdom (6) Chemistry, University of Liverpool, Liverpool, Merseyside, 
United Kingdom (7) Dept of Chem, University of Liverpool, Liverpool, United 
Kingdom (8) Physics, University of Lancaster, Lancaster, United Kingdom (9) 
Chemitry, University of Western Australia, Perth, Western Australia, Australia 
(10) Chemistry, Durham University, Durham, United Kingdom (11) Chemistry, 
University of Western Australia, Perth, Western Australia, Australia 

Metal complexes are receiving increased attention as molecular wires in 
fundamental studies of the transport properties of metal|molecule|metal 
junctions. In this context we report the single-molecule conductance of a 
systematic series of d8 square-planar platinum(II) trans-bis(alkynyl) complexes 
with terminal trimethylsilylethynyl (CCSiMe3) contacting groups, e.g. trans-
Pt{CCC6H4CCSiMe3}2(PR3)2 (R = Ph or Et), using a combination of scanning 
tunneling microscopy (STM) experiments in solution and theoretical 
calculations using density functional theory and non-equilibrium Green's 
function formalism. The measured conductance values of the complexes 
(ca. 3–5 × 10−5G0) are commensurate with similarly structured all-organic 
oligo(phenylene ethynylene) and oligo(yne) compounds. Based on 
conductance and break-off distance data, we demonstrate that a 
PPh3 supporting ligand in the platinum complexes can provide an alternative 
contact point for the STM tip in the molecular junctions, orthogonal to the 
terminal CCSiMe3 group. The attachment of hexyloxy side chains to the 
diethynylbenzene ligands, e.g. trans-
Pt{CCC6H2(Ohex)2CCSiMe3}2(PPh3)2 (Ohex = OC6H13), hinders contact of the 
STM tip to the PPh3 groups and effectively insulates the molecule, allowing 
the conductance through the full length of the backbone to be reliably 
measured. The use of trialkylphosphine (PEt3), rather than triarylphosphine 
(PPh3), ancillary ligands at platinum also eliminates these orthogonal contacts. 
These results have significant implications for the future design of 
organometallic complexes for studies in molecular junctions. 
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Quantum interference based single-molecule insulators 

Latha Venkataraman, lv2117@columbia.edu. APAM, Columbia University, 
New York, New York, United States 

Molecular-scale insulating and dielectric materials rely on the exponential 
attenuation of tunnelling with increasing length, presenting a potential problem 
of increased leakage current as the dimensions of the device decrease. An 
alternative design strategy is to use molecules with destructive quantum 
interference in the electronic transmission. However, a small molecule where 
all tunnelling paths are fully cancelled has not been realised because 
contributions to the tunnelling transmission from both the sigma and pi-orbital 
systems must be suppressed. Here, we report the first saturated molecule 
with destructive sigma-interference and realize the first quantum interference 
based single-molecule insulator utilizing a functionalized 
bicyclo[2.2.2]octasilane moiety. We demonstrate through a combination of 
conductance measurements and ab-initio calculations that the functional 
moiety in this sub-nanometre fully saturated molecule is a better insulator than 
the vacuum it occupies. We also show that it has a record thermopower (0.97 
mV/K), providing an experimental signature of destructive interference where 
all tunnelling paths are significantly suppressed. This molecular design thus 
provides a proof-of-concept for the quantum interference based approach to 
single-molecule insulators and sets a new standard for short insulating 
molecules. 

COLL 342 

Single-molecule electronic components based on molecular design 



Herre van der Zant, h.s.j.vanderzant@tudelft.nl. Delft University of 
Technology , Delft, Netherlands 

In downscaling the size of electronic components, molecules are viewed as 
promising alternatives as they can have additional functionality built-in by 
chemical design. We have developed several techniques to create solid-state, 
single-molecule devices in which molecules are deposited from solution. 
These include mechanical controlled break junctions, molecular transistors 
made by a self-breaking electromigration technique, and room-temperature 
stable molecular transistors by electroburning of few-layer graphene. With 
these techniques in place, we are investigating the electronic properties of a 
wide variety of molecules, with a special emphasis to use the intrinsic 
molecular structure (e.g. the orbital structure) to create electronic 
functionalities. Functionality can be based on quantum interference effects or 
on the creation of barriers for transport within the molecule over which 
substantial voltage drops occur when biasing the molecules. In this way, 
quantum-interference switches, negative differential resistance devices and 
single-molecule rectifiers can be created. 

 
 
Molecule and diode mechanism: Chemical structure (left panel) of the molecule used 
in our studies and its energy diagram (right panel), with the right half being lower in 
energy than the left one due to the electron withdrawing character of the fluorine 
substituents. At zero bias, transport is blocked. For one bias polarity the two levels are 
pulled further away from each other (blocking transport even more), while for the 
opposite bias polarity the levels are brought closer together thereby facilitating 
transport. Rectification ratios of 600 are experimentally observed. 
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Resonant tunneling transport in single-molecule junctions 



Yaping Zang1, yz3126@columbia.edu, Suman Ray2, Anders Borges3, E-
Dean Fung1, Gemma C. Solomon3, Satish A. Patil2, Latha Venkataraman1. (1) 
APAM, Columbia University, New York, New York, United States (2) Solid 
State Structur Chem Unit, Banglore, India (3) Department of Chemistry, 
University of Copenhagen, Copenhagen, Denmark 

Most measurements of electron transport in single-molecule devices have 
focused on a low-bias regime where the dominant mechanism involves off-
resonant tunneling or superexchange. Here, we achieve resonant transport 
with a remarkably high conductance and differential conductance in a series 
of diketopyrrolopyrrole oligomers (DPPn), ranging in length from 1 to 5 nm. By 
leveraging level alignment control through a solvent gating effect, we 
additionally demonstrate two-channel resonant transport through the highest 
occupied and lowest unoccupied orbitals for the DPP dimer. This has enabled 
us to interrogate a single-molecule in an unprecedented excited state where 
both frontier orbitals are partially occupied. This unique resonant transport 
picture is further explored by thermopower and temperature-dependent 
measurements and rationalized by ab-inito calculations. Our demonstrations 
not only expose rich physics of resonant transport at the single-molecule level, 
but also represent a new strategy for building functional single-molecule 
devices using an ambipolar component.  
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Solution processable nanocarbon hybrids for single-molecule 
investigations 

Matteo Palma1,2, m.palma@qmul.ac.uk. (1) School of Biological and 
Chemical Sciences, Queen Mary University of London, London, United 
Kingdom (2) Materials Research Institute , Queen Mary University of London, 
London, United Kingdom 

We present a universal approach for the generation of multifunctional 
nanomaterials that employ molecular building blocks assembled on carbon 
nanotube (CNTs) electrodes. We will demonstrate single-molecule control in 
the formation of nanohybrids via the in-solution assembly of classes of 
molecular materials (organic, inorganic, and biological with promising 
attributes) to DNA wrapped CNTs. Notably, both static and dynamic 
heterostructures were assembled; this allowed us to study and tailor various 
systems with single-molecule resolution. 
 
We will first discuss the in-solution linking of metallic single-walled CNTs 



(SWCNTs) with different conjugated molecular wires. CNT-based molecular 
junctions were interfaced to macroscopic electrodes, and conductive atomic 
force microscopy measurements were performed at different locations along 
the junctions. This allowed us to measure the molecular conductance of a 
series of oligophenyls, highlighting the potential of an all-carbon based 
approach for solution-processable molecular electronics. 
 
Furthermore, we produced organic-inorganic heterostructures consisting of 
single Quantum Dots (QDs) univocally linked at the terminal ends of individual 
SWCNTs. Monofunctionalized SWCNT-QD heterostructures were obtained 
and photophysical investigations at the single nanohybrid level showed 
evidence of electronic coupling. Moreover, DNA linkers of differing lengths 
were used as molecular rulers to control the distance, and hence tune the 
energy/charge transfer between the two nanostructures in these organic-
inorganic nanohybrids. Additionally, a dynamic SWCNT-QD hybrid was 
designed and assembled, where the distance between the SWCNT and QD 
was dynamically modulated by the introduction and removal of potassium ions 
(K+); the system was further found to be sensitive to K+ concentrations 
between 1pM and 25mM. By and large, these approaches open the possibility 
of assembling tailored optoelectronic and light harvesting systems with single-
particle control. 
 
Finally, we will demonstrate site-specific assembly of single proteins on 
individual SWCNTs. As a proof of concept, we investigated different CNT-
protein configurations and obtained evidence of site-specific coupling between 
SWCNTs and specific proteins of interest. Notably, only the right 
bioengineered system exhibited the expected direct protein-nanotube 
communication, paving the way to selective electrical addressability of 
proteins via the use of carbon nanoelectrodes. 
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Two-terminal single-molecule functional devices 

Elke Scheer2, elke.scheer@uni-konstanz.de, Safa G. Bahoosh2, Juan C. 
Cuevas7,2, Artur Erbe6,2, Sebastian Hambsch2, Ryoma Hayakawa2,4, Carmen 
Herrmann1, Thomas Huhn3, Mohammad A. Karimi2, Youngsang Kim2, Manuel 
Matt2, Peter Nielaba2, Fabian Pauly2, Christian Schirm2, Torsten Sendler6, 
Dmytro Sysoiev3, David Weber2, Jannic Wolf3, Martin S. Zöllner5. (1) 
Department of Inorganic Chemistry, University of Hamburg, Hamburg, 
Germany (2) Physics Department, University of Konstanz, Konstanz, 
Germany (3) Chemistry Department, University of Konstanz, Konstanz, 



Germany (4) International Center for Materials Nanoarchitectonics, National 
Institute for Material Science, Tsukuba, Japan (5) Institute for Inorganic and 
Applied Chemistry, University of Hamburg, Hamburg, Germany (6) Institute for 
Ion Beam Physics, Helmholtzzentrum Dresden-Rossendorf, Dresden, 
Germany (7) Departamento de Física Teórica de la Materia Condensada and 
Condensed Matter Physics Center, Universidad Autonoma de Madrid, Madrid, 
Spain 

The possibility to fabricate electronic devices with functional building blocks of 
atomic size is a major driving force of nanotechnology. Key elements in 
microelectronics are reliable switches and memories as well as devices 
showing spin-dependent transport phenomena. Switches are usually realized 
by transistors and these components have been miniaturized all the way down 
close to the atomic scale. However, at such scales, three terminals, as 
required for transistors, are technically challenging to implement. Here I will 
first show that carefull electromigraiton can be used to operate atomic-size 
contacts as reliable and fatigue-resistant two-terminal switches. I will then 
present single-molecule transport experiments carried out on photochromic 
molecules where light pulses are used to switch the status of the molecule 
instead. Finally, I will discuss recent observations of magnetic-field tunable 
transport in organic radical molecules. 

COLL 346 

Colloidal synthesis of nanomaterials: Challenges and opportunities 

Abhijit Hazarika, Vishwas Srivastava, Hao Zhang, Dmitri Talapin, 
dvtalapin@uchicago.edu. Chemistry, University of Chicago, Chicago, Illinois, 
United States 

Colloidal chemistry has revolutionized the synthesis of inorganic 
nanomaterials. The field has evolved tremendously, both in the fundamental 
understanding of nucleation, growth and surface chemistry of nanocrystals, 
and in the ability to provide a toolset for preparation of functional materials 
with precisely engineered size, shape, and structure. However, the current 
methodology has several limitations that need to be carefully explored and 
addressed. 
The lack of atomic precision in the synthesis of functional nanomaterials 
restricts the ability to harness all the power of this broad and diverse class of 
materials. Real nanomaterials always vary in size to a certain extent. The 
polydispersity originates from a weak size dependence of the free energy 
related to the addition or removal of individual atoms to/from a nanoscale 



object. In this case, size distribution can only be controlled by kinetic factors 
and it would be difficult to further improve the homogeneity of kinetically 
controlled reaction products. We discuss a paradigm-shifting approach for the 
colloidal synthesis of nanomaterials with minimal, ideally no, size distribution. 
The goal is to establish means to thermodynamically control nanomaterials 
synthesis using a sequence of two complementary self-limiting surface 
reactions. This concept is inspired by the success of gas-phase atomic layer 
deposition (ALD) widely used in microelectronics and other fields. Our studies 
show that the ALD concept can be implemented in solution and, when applied 
to colloidal nanomaterials, enables layer-by-layer growth of crystalline lattices 
with true atomic precision. 
The other general limitation of traditional colloidal chemistry is related to 
thermal stability of organic solvents at high temperatures required for some 
hard-to-crystallize materials. Very few organic substances remain liquid above 
400°C, and solvent or ligands decomposition become a serious problem at 
even higher temperatures. The use of inorganic salts as solvents eliminates 
this issue and brings new opportunities. As an example, colloidal synthesis of 
GaAs nanocrystals was unsuccessful for over 20 years. We found that GaAs 
NCs synthesized in organic solvents generally have a high concentration of 
vacancies and antisite defects. Annealing of the colloid in a molten salt at 
500°C eliminated these structural defects without NC sintering. We envision 
multiple exciting opportunities for colloidal chemistry in molten salts. 

COLL 347 

Programmable nanoparticle systems: Designed architectures, controlled 
processes and regulated functions 

Oleg Gang1,2, ogang@bnl.gov. (1) Columbia University, New York, New York, 
United States (2) Ctr Functional Nanomaterials, Bldg 735, Brookhaven 
National Lab, Upton, New York, United States 

A high degree of addressability of DNA is attractive for establishing broadly 
applicable platform for the by-design assembly of nanoscale structures from 
inorganic nano-components. However, DNA addressability might not be 
sufficient for prescribing the architecture or behavior of the entire nanoscale 
system due to the competing effects and a large amount of information 
required for structural encoding. Our research explores novel concepts for 
creating targeted static and dynamic nano-architectures by bridging DNA-
encoded nano-objects with structural plasticity and programmability of DNA 
macromolecular structures. Through developing by-design assembly platform 
and uncovering the phenomena that govern nano-systems with DNA-encoded 



interactions, we develop approaches for fabrication of well-defined three-
dimensional lattices, two-dimensional membranes and finite-sized clusters 
from the multiple types of the nano-components. Our recent progress 
demonstrates strategy for organizing such nano-components as nanoparticles 
and proteins into ordered 3D arrays with engineered crystallographic 
symmetries, and clusters with prescribed architectures. The developed 
methods are also used to control a system dynamical behavior: structural 
transformations, specific triggering of desired configurations and molecular 
amplification. The application of the assembly platform for creation of optical 
and biomedical materials will be also discussed. 

COLL 348 

Self-assemblies of graphene quantum dots: From hollow nanoshells to 
the origin of life 

Zhi-Bei Qu2,1, quzhibei@gmail.com, Nicholas Kotov2. (1) East China Normal 
University, Shanghai, China (2) University of Michigan, Ann Arbor, Michigan, 
United States 

The key step in understanding the genesis of life on Earth, and potentially 
other planets, is the appearance of the first metabolic compartments, also 
known as protocells. Recently, we found that the graphene quantum dots 
(GQDs) spontaneously form hollow nanoshells in the presence of Earth-
abundant metal ions in water. The GQD nanoshells represent the missing link 
between the inorganic world and the appearance of the first cells. GQDs and 
their assemblies have the ability to (a) serve as early prebiotic compartments 
for preliminary metabolism, (b) catalyze the formation of complex organic 
molecules, and (c) propagate by self-replicating. This work was conducted 
using a combination of experiments and computations, including state-of-art 
electron microscopic techniques and molecular dynamic simulations. It will 
help to understand how graphene-based “protocells” evolved from the 
inorganic world and will elucidate their relationship to modern cells in 
structural properties and functions. 

COLL 349 

Perspectives in nanoscale chemistry 

Ariane Vartanian, ariane.vartanian@us.nature.com. Nature Communications, 
Nature Research Group, New York, New York, United States 



This talk describes the most pressing questions facing nanochemistry today 
and showcases recent innovations that tackle these challenges. Synthetic 
approaches are shifting towards atom-precise transformations and rational 
design, giving chemists increasing control over nanoparticle structure and 
properties. Advances in characterization have enabled breakthroughs in 
understanding the chemical reactions involved in nanocrystal evolution, 
including nucleation and growth mechanisms and the roles of precursor and 
intermediate species. After highlighting exciting developments in these areas, 
we provide some perspective on what the field might expect for the future. 

COLL 350 

Synthesis and assembly of plasmonic metal oxide nanocrystals 

Delia J. Milliron, milliron@che.utexas.edu. Department of Chemical 
Engineering, The University of Texas at Austin, Austin, Texas, United States 

Semiconductors can be rendered plasmonic by doping to create high 
concentrations of free carriers. Degenerately doped wide band gap metal 
oxides are commonly used as transparent conductive thin films in 
optoelectronic devices, and these same materials exhibit localized surface 
plasmon resonance (LSPR) when synthesized as discrete colloidal 
nanocrystals. I will describe our recent efforts to control the shape of 
plasmonic metal oxide nanocrystals by tuning synthetic conditions, including 
the interplay of doping and nanocrystal shape. Highly faceted nanocrystals 
exhibit distinctive LSPR modes that are evident in their absorption spectra. 
Using electron energy loss spectroscopy, the same modes can be observed 
and spatially mapped in the transmission electron microscope. Furthermore, 
the coupling between LSPR modes on adjacent nanocrystals modifies their 
absorption spectra so that optical properties are dependent on the mesoscale 
morphology and topology of nanocrystal assemblies. These expectations 
have motivated us to develop nanocrystal gel networks based on physical 
bonds, induced by depletion attraction. The optical spectra are observed to 
depend on the mesoscale structure, which is studied by small angle X-ray 
scattering. 

COLL 351 

Synthesis and optical interaction in Janus Au-silica-quantum dot hybrid 
nanostructures 



Yi Luo2, Jing Zhao1, jing.zhao@uconn.edu. (1) Chemistry, Univerisity of 
Connecticut, Storrs Mansfield, Connecticut, United States (2) Chemistry, 
University of Connecticut, Vernon, Connecticut, United States 

Janus nanoparticles are anisotropic nanostructures that are composed of two 
distinct components. The bio-functionality offered by the Janus particles make 
them useful in many applications, such as assembly, surface-enhanced 
Raman spectroscopy, and drug delivery. One example system we looked at is 
Au-SiO2 Janus particle. We found the two ligands (3-mercaptopropionic acid 
and polyacrylic acid) employed during the synthesis could tune the interfacial 
free energy between Au and SiO2, and thus triggered localized Ostwald 
ripening, eventually controlling the number of silica domains on the surface. 
Moreover, we showed that quantum dots (QDs) could be loaded on or into the 
silica domain to form a Janus Au-Silica-QD hybrid system. The plasmon 
exciton interaction between the Au and QDs would induce new optical 
behavior of the hybrid system. The dark-field scattering spectrum of single 
nanostructures showed strong polarization dependence, due to the plasmon-
exciton interaction in the asymmetric structure. This study would help promote 
the understanding of synthetic mechanisms of core/shell and eccentric 
structures as well as polarization dependent plasmon-exciton coupling. 

COLL 352 

Geometric influence on photoelectrocatalytic properties of assembled 
ZnO nanonetwork 

Yuanbing Mao1,2, ybmao@yahoo.com. (1) Department of Chemistry, 
University of Texas Rio Grande Valley, Edinburg, Texas, United States (2) 
School of Earth, Environmental and Marine Sciences, University of Texas Rio 
Grande Valley, Edinburg, Texas, United States 

The exploration of new materials and/or structures as efficient electrodes for 
industry-level photoelectrochemical (PEC) water splitting into usable H2 fuel 
has attracted intense interest from the whole world. As an advanced intelligent 
tactic, assembling nano-building blocks into desirable structures with new 
hierarchy and scaling-up laws has been explored to achieve high performance 
and functionality. In terms of methodology, a seeding method in solution 
phase still confronts some engineering obstacles notwithstanding it being 
regarded as a major avenue to fabricate heterogeneous nanostructures of 
semiconductors. To elevate the spatial occupancy of one-dimensional ZnO 
nanostructures and overcome the limitations of multistep seeding method 
currently widely used, we have developed a facile procedure with high yield to 



fabricate “caterpillar-like” ZnO nanostructured network (CZN) for 
photoelectrochemical applications. Moreover, by fine-tuning the synthesis 
procedure and manipulating their growth process, the dependence of their 
photoelectrochemical properties on geometry factors of the unique CZN 
consisting of branched ZnO nanowires onto ZnO nanofibers with tunable 
surface-to-volume ratio and roughness factor has been investigated. They 
offer mechanically and electrically robust interconnected networks with open 
micrometer-scale structures and short hole diffusion length. The preferential 
light-material interaction and charge separation to maximize the photo-to-
hydrogen conversion efficiency were further studied. When used as 
photoanode, our CZN not only favors sunlight harvesting with multireflection 
ability, but also suppresses the recombination of photogenerated charge. 
Compared to the literature results, our CZN photoanodes with ZnO 
nanobranches of ~2.2 μm in length and ~25 nm in diameter exhibited the 
highest photocurrent density of 0.72 mA/cm2 at +1.2 V (versus Ag/AgCl) and 
conversion efficiency of 0.209% at +0.91 V (versus RHE) without being 
decorated with noble metal cocatalysts or nonmetallic/metallic dopants due to 
their favorable structural features. Overall, our procedure to obtain the 
desirable CZN provides great opportunities for facile and efficient fabrication 
of model photoelectrochemical anodes and would be applied to other 
materials for sustainable chemistry and engineering applications. 

COLL 353 

Computational survey of counterions and capping groups in Al 
nanoclusters 

Sara E. Mason2, sara-mason@uiowa.edu, Blake Hudson1, Jennifer L. 
Bjorklund2, Joseph W. Bennett2. (1) University of Iowa, Iowa City, Iowa, United 
States (2) Chemistry, University of Iowa, Iowa City, Iowa, United States 

Aluminum (oxyhydr)oxides are a class of nanomaterials used in applications 
such as water treatment and as templates in thin film design. While a 
structural variety of Al nanoclusters can be synthesized by tuning the reaction 
conditions through the use of capping groups, ligands, and complexing 
agents, there is a limited understanding as how to coherently control these 
factors to form nanoclusters with desirable properties. Computational 
modeling provides a perfectly controllable means to systematically study how 
Al nanoclusters react with different complexing agents. Using density 
functional theory and continuum solvent modeling, we map out the 
interactions of different well-defined Al nanoclusters of varying stoichiometries 
and structures with a range of anions and cations commonly used in 



synthesis. Adsorption energies, charge population calculations, and electronic 
structure analysis are all used to delineate trends in cluster-ion interactions as 
a function of factors such as charge, size, and electronegativity. We use the 
results of the computational studies to form suggested strategies for new 
synthetic approaches. 

COLL 354 

Adsorption of small cationic nanoparticles onto large anionic particles 
from aqueous solution: A model system for understanding pigment 
dispersion and the problem of effective particle density 

Shannon North1, snorth1@sheffield.ac.uk, Elizabeth Jones1, Gregory Smith1, 
Oleksandr Mykhaylyk1, Tom Annable2, Steven P. Armes1. (1) Department of 
Chemistry, University of Sheffield, Sheffield, United Kingdom (2) Lubrizol, 
Manchester, United Kingdom 

The present study focuses on the use of copolymer nanoparticles as a 
dispersant for a model pigment (silica). Reversible addition−fragmentation 
chain transfer (RAFT) alcoholic dispersion polymerization was used to 
synthesize sterically stabilized diblock copolymer nanoparticles. The steric 
stabilizer block was poly(2-(dimethylamino)ethyl methacrylate) (PDMA) and 
the core-forming block was poly(benzyl methacrylate) (PBzMA). The mean 
degrees of polymerization for the PDMA and PBzMA blocks were 71 and 100, 
respectively. Transmission electron microscopy (TEM) studies confirmed a 
near-monodisperse spherical morphology, while dynamic light scattering 
(DLS) studies indicated an intensity-average diameter of 30 nm. Small-angle 
X-ray scattering (SAXS) reported a volume-average diameter of 29 ± 0.5 nm 
and a mean aggregation number of 154. Aqueous electrophoresis 
measurements confirmed that these PDMA71−PBzMA100 nanoparticles 
acquired cationic character when transferred from ethanol to water as a result 
of protonation of the weakly basic PDMA chains. Electrostatic adsorption of 
these nanoparticles from aqueous solution onto 470 nm silica particles led to 
either flocculation at submonolayer coverage or steric stabilization at or above 
monolayer coverage, as judged by DLS. This technique indicated that 
saturation coverage was achieved on addition of approximately 465 
copolymer nanoparticles per silica particle, which corresponds to a fractional 
surface coverage of around 0.42. These adsorption data were corroborated 
using thermogravimetry, UV spectroscopy and X-ray photoelectron 
spectroscopy. TEM studies indicated that the cationic nanoparticles remained 
intact on the silica surface after electrostatic adsorption, while aqueous 
electrophoresis confirmed that surface charge reversal occurred below pH 7. 



The relatively thick layer of adsorbed nanoparticles led to a significant 
reduction in the effective particle density of the silica particles from 1.99 g 
cm−3 to approximately 1.74 g cm−3 , as judged by disk centrifuge 
photosedimentometry (DCP). Combining the DCP and SAXS data suggests 
that essentially no deformation of the PBzMA cores occurs during 
nanoparticle adsorption onto the silica particles. 

 

COLL 355 

Force transduction at cell-to-cell adhesive contacts 

Deborah E. Leckband, leckband@illinois.edu, Samantha Barrick, Xinyu 
Kong, Emad Tajkhorshid. University of Illinois at Urbana-Champaign, Urbana, 
Illinois, United States 

This talk describes investigations of the molecular mechanisms by which cells 
transduce mechanical signals across cell membranes, and the impact of the 
resulting mechanotransduction on tissue physiology. We use conformation- 
and force-sensitive fluorescence reporters to investigate how cells convert 
mechanical forces into biochemical signals at cell membranes. Here, I 
describe our development of a fluorescence based conformation sensor of a 
critical force-transducing protein, alpha catenin, which is an indispensible 
force transducer at intercellular adhesion complexes. Alpha catenin 
undergoes a force-dependent conformational change at intercellular 
adhesions, to effect biochemical changes in mechanically perturbed cells. Our 
sensor thus directly reports force-activated alpha catenin conformation 
changes in live cells in real time. We thus monitored the spatiotemporal 
dynamics of force transduction in cells in mechanically stimulated tissues. We 
also used molecular dynamics simulations of alpha catenin subject to a pulling 
force to identify key intramolecular contacts that gate the force sensitivity of 
this nanomachine. The latter simulations revealed the impact of cancer-linked 



mutations on alpha catenin mechanotransduction. Studies further 
demonstrated the broader impact of these molecular scale force 
mechanotransduction events on tissue physiology. 

COLL 356 

Tribology of biomimetic patterned polymer textures as skin coating 
models 

Ruting Jin1, Xin Xu1, Colette Cazeneuve2, Jeanne C. Chang3, Marina Ruths1, 
marina_ruths@uml.edu, Gustavo S. Luengo2. (1) Dept of Chemistry, Univ of 
Massachusetts Lowell, Lowell, Massachusetts, United States (2) L'Oreal 
Research & Innovation, Aulnay Sous Bois, France (3) L'Oreal Research & 
Innovation, Clark, New Jersey, United States 

It is well known that during evolution, specific surface patterns emerged (i.e., 
lotus leaves, butterfly wings, etc.) endowed with many remarkable surface 
properties (superhydrophobicity, vibrant structural color, delicate textures, 
etc.). In order to obtain these natural effects in cosmetics, we look for ways to 
transfer topographic patterns in our coatings and treatments. We have chosen 
block and random copolymer films as model systems to prepare a panel of 
diverse biomimetic self-assembled patterned surfaces and to measure their 
corresponding tribological (friction) properties at sliding speeds relevant to 
realistic cosmetic skincare applications. Characterization by AFM showed that 
different micrometer and nanometer size surface structures were obtained by 
controlling the polymer concentration and annealing conditions. Friction forces 
were measured with the Surface Forces Apparatus (SFA) at a low sliding 
speed of 3 μm/s in a standard setup, and at a more realistic speed of 10 cm/s 
with a special attachment for high speed rotational sliding. Glassy polymer 
surfaces commonly showed static friction at low speed, whereas only kinetic 
friction was found for polymers above their glass transition temperature (Tg). A 
random roughness pattern with a sawtooth-like cross section, made from a 
polymer above its Tg, gave high friction at low speed, but its friction coefficient 
was reduced at high speed due to less time for local entanglement and 
relaxations. Its friction response was also more strongly affected by humidity 
than that of glassy polymer films. The results will be discussed in the light of 
their cosmetic implications. 

COLL 357 

Anomalous potential dependent friction on Au (111) measured by AFM 



Leila Pashazanusi2, lpashaza@tulane.edu, Noshir Pesika1. (1) Tulane 
University, New Orleans, Louisiana, United States (2) Chemical and 
Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United 
States 

We present an exploratory study of the tribological properties between an 
AFM probe and a Au (111) surface under an aqueous environment while 
subjected to applied surface potentials. Using a 3-electrode setup, the 
electrical potential and interfacial electric field on the Au(111) working 
electrode is controlled. Lateral force microscopy is used to measure the 
friction forces between the AFM probe and the Au surface. Normal forces are 
also measured as the AFM probe approaches the surface to gain insight into 
the interfacial properties. When a cathodic potential is applied on the Au 
surface, the friction is found to rise sharply at a critical potential and level off at 
a relatively high value. However, when an anodic potential is applied, the 
friction forces are low, even lower compared to the open circuit potential case. 
These changes in friction, by a factor of approximately 35, as a function of the 
applied potential are found to be reversible over multiple cycles. We attribute 
the origin of the high friction at cathodic potentials to the formation of a highly 
confined ordered ice-like water layer at the Au/electrolyte interface which 
results in effective hydrogen bonding with the AFM probe. At anodic 
potentials, the ice-like water layer is disrupted resulting in the water molecules 
acting as boundary lubricants and providing low friction. Such friction 
experiments can provide valuable insight into formation of ice-like water at 
charged surfaces under various conditions and can potentially impact a 
variety of technologies relying on molecular level friction such as MEMs. 

COLL 358 

Nanofriction and surface nanomechanical properties of cotton 
(Gossypium hirsutum L.) fibers as studied with contact mode and force-
distance curve-based AFM 

Farzad Hosseinali2, farzad.h@tamu.edu, John A. Thomasson2, James D. 
Batteas1. (1) Department of Chemistry, Texas A M University, College Station, 
Texas, United States (2) Department of Biological & Agricultural Engineering, 
Texas A&M University, College Station, Texas, United States 

The potential applications of Atomic Force Microscope (AFM) in measuring 
the biophysical properties of plants membranes, such as the cuticle of tomato 
fruits, have been introduced before. However, previous studies on the 
application of the AFM in surface characterization of polymeric fiber were 



mainly focused on the AFM capabilities in producing high-resolution 
topography images of either fiber surface or its cross–section. The main 
objective of this study was to characterize and compare the surface 
nanomechanical properties of cotton fibers using various modes of the AFM. 
To achieve this goal, fifteen fibers were randomly selected from two different 
cotton varieties that were quite distinct in terms of their macroscale frictional 
properties. Surface topography and friction images of the fibers were obtained 
with conventional contact mode (Fig. 1a-b). The nanomechanical property 
images, such as adhesion and deformation, were obtained with Bruker’s 
newly developed high-speed force-volume technique, PeakForce QNM® (Fig. 
1b-c). The experiments were conducted in air, using a silicon nitride tip with 
radius of curvature of 40 nm and spring constant of 0.06 N/m. In addition to 
the measured parameters, different contact theories were implemented to 
estimate the real contact area between the AFM tip and the fibers surface. 
Our results indicate that the fibers with higher macroscale friction were also 
associated with higher nanoscale friction, adhesion, and deformation. In fact, 
cotton fiber cells are covered with a thin cuticular membrane. The cuticle is 
mostly made of lipids, alcohols, and fatty acids (collectively called ‘cotton 
wax’). The waxy layer can be 10 to 300 nm thick and imparts hydrophobicity 
to fiber surface. The differences in nanoscale friction, adhesion, and 
deformation signals can be attributed to fiber surface hydrophobicity and 
stiffness, which in turn depend on fatty acids’ hydrocarbon chain length, film 
viscosity, and the waxy layer thickness. 

 
Fig. 1. a) Surface topography images of cotton fibers obtained at different scan size; 



b) different scan lines produced from different AFM modes; c) An array of force-
distance curves as they were produced along a scan line in PeakForce QNM® mode. 

COLL 359 

What does mucin do for the cornea? In vitro measurements of mucin 
structure on an epithelial monolayer 

Tommy Angelini, tommy.angelini@gmail.com. University of Florida, 
Gainesville, Florida, United States 

Corneal mucin is integral to the health of epithelial tissues in the eye, 
potentially performing multiple tribological roles. Mucins are glycosylated 
proteins, a diverse class of biological macromolecules that are generally 
thought to regulate the tribological and rheological characteristics of epithelial 
surfaces. Mucin concentration in the tear film is continually modulated by 
changing environmental conditions, living cell mucin production, and potential 
passive processes such as degradation or wear. We therefore seek to 
understand the relationship between the spatiotemporal distribution of mucin 
and its connection to tribological performance at epithelial surfaces. In this 
presentation, we will describe a method for measuring the growth of mucin 
layers secreted by living cell monolayers while performing time-lapse confocal 
fluorescence microscopy. We develop an analysis method for measuring the 
changing thickness of a mucin layer over time, produced by a human corneal 
epithelial cell monolayer, finding a non-monotonically growing thickness 
profile. Additionally, spatially resolved measurements show that the mucin 
layer is very heterogeneous, composed of mucin clusters. By analyzing the 
make-up of these clusters, we find intra-cluster variations in the density of 
different types of mucin (MUC1, MUC4 and MUC16). We combine these 
observations with the results from tribological testing to begin to understand 
the relative importance of mucin's different potential functions such as 
reduction in friction and wear or as a barrier to pathogens. 

COLL 360 

The promise of stable nanocrystalline metals: Ultra-low wear and 
diamond-like carbon from thin air 

Nicolas Argibay, nargiba@sandia.gov, Michael Chandross, Ping Lu, David 
Adams, Michael Dugger, Tomas Babuska, John Curry, Andrew Kustas, 
Timothy Furnish, Brad Boyce, Blythe Clark. Sandia National Laboratories, 
Albuquerque, New Mexico, United States 



The existence of a new class of binary metal alloys with stable 
nanocrystallinity has been the subject of numerous recent publications 
highlighting their extraordinary properties. This has led to tantalizing prospects 
for non-incremental technological improvements. We present evidence of a 
noble-metal alloy having remarkable thermodynamic and mechanical 
nanocrystalline stability, and the lowest reported wear rate of any metal. This 
talk focuses on surface chemistry enabled by the remarkable wear resistance 
and high flow stress of this alloy, specifically its use as a tribo-catalyst for the 
stress-induced formation of diamond-like carbon (DLC) films from ambient 
organics at room temperature. 

COLL 361 

Structural superlubricity of platinum and gold under ambient conditions: 
The effects of chemistry and geometry 

Alper Özoğul1, Ebru Cihan2, Semran Ipek3, Engin Durgun3, Mehmet Z. 
Baykara4, mehmet.baykara@ucmerced.edu. (1) Friedrich-Schiller-University 
Jena, Jena, Germany (2) Karlsruhe Institute of Technology, Karlsruhe, 
Germany (3) Bilkent University, Ankara, Turkey (4) University of California, 
Merced, Merced, California, United States 

The idea of structural superlubricity is based on the proposition that friction 
should diminish at an interface formed by atomically-flat and molecularly-clean 
crystalline surfaces with different lattice parameters and/or incommensurate 
orientation. While the basic principle of structural superlubricity is 
straightforward, its realization under ambient conditions is challenging due to 
the requirement of molecular cleanliness at the interface. 
 
We present nanomanipulation experiments performed on gold and platinum 
nanoparticles situated on graphite, demonstrating the remarkable occurrence 
of structurally superlubric sliding under ambient conditions. The nanoparticles 
are prepared by thin film evaporation, followed by post-deposition annealing. 
Transmission electron microscopy reveals a crystalline structure with no 
evidence of oxidation under ambient conditions. Results of nanomanipulation 
experiments conducted via atomic force microscopy point to the occurrence of 
structural superlubricity at mesoscopic interfaces up to 130,000 nm2, whereby 
platinum nanoparticles experience noticeably larger friction forces than gold 
nanoparticles of similar size. Ab initio calculations reveal that the noble metal–
graphite interface is expected to remain largely free from contaminant 
molecules, leading to structurally superlubric sliding. Simulations of sliding 
involving platinum and gold slabs on graphite additionally confirm the 



experimental observation of larger friction forces for platinum, which is 
attributed to higher energy barriers. On the other hand, as predicted by theory, 
the scaling power between friction force and contact size is found to be 
independent of the chemical identity of the sliding atoms, but to be determined 
by the geometric qualities of the interface. 

COLL 362 

Size-dependent pseudo-elasticity in gold nanocrystals 

Lindsey Hanson2,1, lhanson9@stanford.edu, Xun Wendy Gu3, Carissa 
Eisler2, Matthew Koc3, Paul Alivisatos3. (1) Chemistry, Trinity College, 
Hartford, Connecticut, United States (2) Material Science Division, Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (3) 
Chemistry, University of California, Berkeley, Berkeley, California, United 
States 

Metals that are strained past their elastic limit typically undergo permanent 
deformation. It has been recently observed that sub-10nm metal nanocrystals 
compressed to large strains will recover their initial shape and microstructure 
when load is removed. Here, we explore the size-dependence of this pseudo-
elastic behavior by compressing colloidal Au nanocrystals in a diamond anvil 
cell. Spherical Au nanocrystals ranging 4-41nm in size were compressed to 
10GPa under either hydrostatic and non-hydrostatic pressure while, taking 
advantage of the sensitivity of plasmon resonances to nanocrystal size and 
shape, optical absorbance was used to monitor nanocrystal structural 
changes. Finite element modeling was used to correlate the applied pressure 
to nanocrystal structural changes. We find that 4nm Au nanocrystals recover 
their original size and shape when load is removed, even when compressed 
by ~20%. In contrast, 41nm Au nanocrystals show permanent deformation 
upon compression as expected for bulk metals. 

COLL 363 

Wear-induced chemical nanolayering and its beneficial impact on wear 
resistance 

Pascal Bellon, bellon@illinois.edu. Materials Science and Engineering, 
University of Illinois at Urbana-Champaign, Urbana, Illinois, United States 

During sliding wear, the sub-surface of metallic materials is often subjected to 
severe plastic deformation. This plastic deformation can force the mixing of 



chemical elements, thus altering the microstructure, the phase stability and 
the properties in these materials, often in a detrimental way. In particular two-
phase alloys, e.g., Cu-Ag, however, this forced plastic deformation can lead to 
a self-organization of the microstructure, resulting in alternating chemical 
layers with nanometer-scale thickness. Detailed structural and chemical 
characterization of these layers by transmission and scanning transmission 
electron microscopy will be presented. Atomistic simulations and modeling 
indicate that this chemical nanolayering results from the competition between 
long-range mixing forced by plastic deformation and short-range 
decomposition driven by thermodynamics. Remarkably, in many cases it is 
observed that this chemical nanolayering leads to a reduction of wear rates. 
This self-adapting reaction thus offers a novel path for designing wear 
resistant materials, by selecting the composition and initial microstructure of 
materials in a way that is conducive to the formation of beneficial 
mechanically-mixed layers. 

COLL 364 

Indium phosphide quantum shells tunable through visible and near 
infrared 

Allison M. Dennis, aldennis@bu.edu. Biomedical Engineering, Boston 
University, Boston, Massachusetts, United States 

The future of semiconductor quantum dots (QDs) in biomedical imaging lies 
not with well-established CdSe-based materials that raise issues of toxicity 
and limited tissue penetration depths, but rather with heavy metal-free 
compositions that emit in the near infrared (NIR) and short wave infrared 
(SWIR) in addition to visible wavelength ranges. With this motivation, we have 
developed semiconductor quantum shells (QSs) comprising non-toxic 
constituents. These ZnSe/InP/ZnS core/shell/shell structures are dubbed QSs 
because their Inverted-Type I bandgap structure yields quantum confinement-
based emission from the InP shell. The excitonic emission from the QSs is 
tunable from the visible through the NIR with shell thickness, yielding emission 
peaks ranging from 515 – 850 nm. This tunablility range is wider than that 
seen for Type I InP QDs, particularly expanding emission deeper in the first 
optical tissue window, which spans from 650 – 950 nm. In this talk, I will detail 
the synthetic control of these heterostructured nanomaterials. Detailed 
photophysical characterization has elucidated the structure/function 
relationship, enabling the concerted design of these emitters. The discussion 
will also include early nanotoxicity and animal imaging results. 



COLL 365 

Indium phosphide clusters as precursors to novel nanoscale phases 

Brandi M. Cossairt, brandicossairt@gmail.com, Max Friedfeld, Jenny Stein, 
Andrew Ritchhart. Chemistry, University of Washington, Seattle, Washington, 
United States 

Atomically precise, geometrically unique, and chemically homogeneous 
inorganic clusters offer unique opportunities within the realm of nanoscale 
synthesis. This talk will highlight our use of indium phosphide clusters as 
precursors to new nanoscale phases that have unique physical structures, 
compositions, or morphologies that are otherwise challenging or impossible to 
obtain. Specifically, I will discuss our use of InP clusters as seeds to an 
unprecedented polytwistane phase of this material, as precursors for the 
synthesis of doped and alloyed InP nanocrystals, and as antecedents to 
anisotropic InP nanocrystals. 

COLL 366 

Nanosheets and emulsion systems 

Harish V. Kumar3, harish.kumar@uconn.edu, Chinthani D. Liyanage1, 
Thomas Francis3, Douglas H. Adamson2,1. (1) Department of Chemistry, 
University of Connecticut, Willimantic, Connecticut, United States (2) Polymer 
Program, University of Connecticut, Storrs Mansfield, Connecticut, United 
States (3) university of conneticut, Meriden, Connecticut, United States 

Variation in degrees of oxidation and exfoliation is one of the crucial areas in 
graphene oxide (GO) nanosheets research. Our findings suggest that 
emulsifying a sample of GO separates the nanosheets into fractions of 
differing degrees of oxidation. When GO sheets, water and oil are mixed 
together, more oxidized GO sheets suspend in a water phase, while the less 
oxidized material stabilizes the emulsion phase. This phenomenon provides 
the ability to control the electrical and thermal conductivity of the GO material 
by making stable emulsions. These more and less oxidized fractions are 
characterized by different techniques including XRD, FTIR, elemental 
analysis, and Raman spectroscopy. This fractionation method enables 
quantifying the oxidation dispersity number of GO (OD) in a batch and can be 
used to tune the density of oxygen functional groups on the GO sheets in a 
given sample. We describe this fractionation method, as well as demonstrate 
the effect controlling the extent of oxidation has on the properties of GO based 



applications including composite materials. In addition, this emulsion based 
fractionation method is pH dependent and can also be used to isolate a 
reduced graphene oxide like material with a lower value of Raman defect 
density. This isolated material has the capability of replacing the more 
expensive and topological defects inducing methods presently available. 

COLL 367 

Purification and in situ ligand exchange of metal-carboxylate-treated 
fluorescent InP quantum dots via gel permeation chromatography 

Adam Roberge2, aroberge@email.sc.edu, Jenny Stein5, Yi Shen1, Brandi M. 
Cossairt4, Andrew B. Greytak3. (1) Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) 
Chemistry and Biochemistry, University of South Carolina, Columbia, South 
Carolina, United States (3) Dept of Chem Biochem GSRC RM 409, University 
of South Carolina, Columbia, South Carolina, United States (4) Chemistry, 
University of Washington, Seattle, Washington, United States (5) Chemistry, 
University of Washington, Seattle, Washington, United States 

Recently the addition of M2+ Lewis acids (M = Cd, Zn) to InP quantum dots 
has been shown to enhance the photoluminescence quantum yield (PL QY). 
Here we investigate the stability of this Lewis acid layer to post synthetic 
processing such as purification and ligand exchange. We utilize gel 
permeation chromatography to purify the quantum dot samples as well as to 
aid in the ligand exchange reactions. The Lewis acid-capped particles are 
stable to purification and maintain the enhanced luminescent properties. We 
demonstrate successful ligand exchange on the quantum dots by switching 
the native carboxylate ligands to phosphonate ligands. Changes in the optical 
spectra after exposure to ambient environment indicate that both carboxylate- 
and phosphonate-capped QDs remain air sensitive. 

 



 

COLL 368 

Development of sequence-dependent structure/function relationships 
for peptide-enabled nanomaterials 

Nicholas Bedford1,2, nickbedford@gmail.com. (1) Materials and 
Manufacturing Directorate, Air Force Research Laboratory, Wright Patterson 
AFB, Ohio, United States (2) School of Chemical Engineering, University of 
New South Wales, Kensington , New South Wales, Australia 

Nanotechnology is commonly associated with advanced technologies in 
various fields of societal importance, including medical treatment, alternative 
energy and environmental remediation. Unfortunately, nanomaterials 
development is typically achieved through Edisonian approaches instead of 
through rational design strategies, which ultimately impedes technological 
progress. To circumvent such commonplace strategies for materials 
development and discovery, a fundamental understanding between atomic-
scale structure and properties is paramount. In this regard, nanoscale 
materials can be particularly difficult to fully characterize with this resolution 
over the various length scales found in nanomaterials. 
 
In this talk, atomic-scale structure/function relationships of peptide-enabled 
nanoparticles will be discussed. Using a combination of X-ray absorption 



spectroscopy (XAS) and atomic pair distribution function (PDF) analysis 
coupled to high-energy X-ray diffraction (HE-XRD), atomic-scale nanomaterial 
models are generated using advanced structural modeling methods. These 
nanoparticle configurations, created solely from experimental structural data, 
can then be used to assess properties as a function of atomic-scale structural 
disorder, particularly at the nanomaterial surface. Overall, the presented 
examples and underlying methodology highlight routes to enable rational 
nanomaterials design through understanding fundamental structure/function 
relationships. 

COLL 369 

Nanoparticle chemistry in solution observed by time-resolved 3D TEM 

Byung Hyo Kim1,2, Junyoung Heo1,2, Joodeok Kim1,2, Jungwon Park1,2, 
jungwonpark@snu.ac.kr. (1) School of Chemical and Biological Engineering, 
Seoul National University, Seoul, Seoul, Korea (the Republic of) (2) Center for 
Nanoparticle Research, Institute for Basic Science (IBS), Seoul, Korea (the 
Republic of) 

Understanding details of atomic structures and changes of nanoparticles 
during growth and structure changes is important since they determine 
physical and chemical properties of nanoparticles. However, due to their small 
size and heterogeneity, static and dynamic structure information of 
nanoparticles in their native solution phase cannot be easily accessible by 
conventional analytical methods. The recent advent of the in-situ liquid cell for 
transmission electron microscopy is just such a tool. We use in situ liquid 
phase TEM and statistical image analysis to identify growth trajectories of 
individual nanoparticles along with ensemble behaviors. We develop time-
resolved 3D reconstruction to track 3D atomic structure changes of individual 
nanoparticles in solution chemistry. We first observe the diffraction patterns 
from individual Pt nanoparticles as they rotate in the liquid cell, and ultimately, 
we are able to align and invert those images to obtain the 3D atomic structure 
of individual particles freely moving in liquid. Positions of entire atoms 
composing an individual nanoparticle are identified onto 3D density maps. 
Such atomic positions unveil different degree of crystallinity in the core, grain 
boundary, and surface of a single nanoparticle. We expand this method to 
time domain to perform time-resolved 3D structure reconstruction of a 
nanoparticle while the particle undergoes structural changes in solution. The 
time-resolved 3D density map shows details of spatial fluctuation of individual 
atoms during structural transition of a single nanoparticle. 



COLL 370 

Crystal structure of Faradaurate-279: Au279(SPh-tBu)84 nanomolecules 

Naga Arjun Sakthivel1, snagaarjun24@gmail.com, Shevanuja Theivendran1, 
Vigneshraja Ganeshraj1, Allen G. Oliver2, Amaladass Antonysamy1. (1) 
Chemistry and Biochemistry, University of Mississippi, Oxford, Mississippi, 
United States (2) Chemistry and Biochemistry, University of Notre Dame, 
Notre Dame, Indiana, United States 

Gold nanoparticles can be separated into two regimes: (1) nanomolecules (1 - 
3 nm) that are atomically precise, i.e. they possess distinct of gold atoms and 
ligands; and (2) bulk-like nanoparticles (3 – 100 nm) that are monodisperse in 
size, but not atomically precise. This work reports the discovery of 
unprecedentedly large, 4-tert-butylbenzenethiolate protected gold nanocrystal 
molecules characterized by single crystal X-ray crystallography, Au279(SPh-
tBu)84 named Faradaurate-279 (F-279) in honor of Michael Faraday’s (1857) 
pioneering work on nanoparticles. F-279 has a 2.2 nm diameter core-shell 
structure containing a truncated octahedral core with bulk face-centered cubic 
like arrangement. The atom counts in core-shell structure of F-279 follows the 
mathematical formula for superatom models: Au@Au12@Au42@Au92@Au54, 
which is further protected by a final shell of Au48. Au249 core is protected by 
three types of staple motifs, namely: 30 bridging, 18 monomeric, and 6 
dimeric staple motifs. X-ray diffraction study based heavy atoms formula 
(Au279S84) of F-279 was independently verified by Electrospray ionization - 
mass spectrometry and the molecular formula with the complete ligands was 
established as Au279(SPh-tBu)84. F-279 exhibits a surface plasmon resonance 
band around 510 nm. 

COLL 371 

Core size interconversions of gold nanomolecules: Au30(S-tBu)18 and 
Au36(SPhX)24 

Tanya C. Jones2, tcjones4@go.olemiss.edu, Amaladass Antonysamy2, 
Shevanuja Theivendran2, Luca Sementa1, Alessandro Fortunelli1. (1) CNR-
IPCF, Pisa PI, Italy (2) Chemistry & Biochemistry, University of Mississippi, 
Oxford, Mississippi, United States 

Gold nanomolecules have a distinct number of gold atoms and thiolate 
ligands, Aux(SR)y. They are less than 2nm in size, highly monodisperse, and 
exhibit molecular-like properties. Gold-thiolate nanomolecules also have 



unique spectroscopic, electrochemical, and chiral properties. These properties 
make them useful in applications such as, catalysis, bio-sensing, drug 
delivery, and cancer therapy. Within the field, it is well known that the ligand 
induces changes within the nanostructure, which induces changes in the 
unique properties of the material. Here we demonstrate this ligand dictation 
and the first interconversion between two nanomolecules: Au36(SPhX)24, 
(where X = -H or -tBu) and Au30(S-tBu)18. The conversion is achieved through 
a thermochemical etching process, with HSPhX on Au30(S-tBu)18 which 
converts the nanomolecule to Au36(SPhX)24. Furthermore, this conversion is 
reversible from Au36(SPhX)24 to Au30(S-tBu)18 with tert-butyl thiol (HS-tBu) 
under the same conditions. The interconversion of the two nanomolecules is 
especially interesting because the nanomolecules entirely different staple 
arrangements. Furthermore, Au36(SPhX)24 and Au30(S-tBu)18, have a Au28 and 
Au20 core, respectively. Theoretical studies further revealed that the difference 
between Au30(S-tBu)18 and Au36(SPhH)24 resides in the different fragmentation 
energy of the two species, and that Au30(S-tBu)18 appears to be slightly more 
stable than Au36(SPhH)24 in terms of atomization energy of the Au cluster and 
the ligand/ligand interactions. Experimental evidence for this reversible 
conversion is provided using matrix assisted laser desorption ionization time-
of-flight mass spectrometry (MALDI-TOF-MS), nano-electrospray ionization 
mass spectrometry (nESI-MS), and UV−vis−NIR spectroscopy. This discovery 
leads to crucial insight into the inherent nature of ligand dictation on the 
composition and atomic structure of gold−thiolate nanomolecules as well as 
their influence in controlling the total nanostructure. 

 

COLL 372 

Imidazolium ionic liquids as multifunctional solvents, ligands, and 
reducing agents for noble metal deposition onto well-defined 
heterostructures, and the effect of synthetic history on catalytic 
performance 



Michael D. Ballentine, michael.ballentine128@topper.wku.edu, Marco 
Garcia, Lawrence J. Hill. Western Kentucky University, Bowling Green, 
Kentucky, United States 

The ionic liquid 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide 
([BMIM][Tf2N]) was investigated as a multifunctional solvent, ligand, and 
reducing agent for platinum deposition onto well-defined CdSe@CdS 
nanorods using Pt(acac)2 as the metal precursor. Thermal deposition was 
investigated in [BMIM][Tf2N] with and without addition of a sacrificial reducing 
agent, and product topology was compared with the products obtained from 
platinum deposition using a non-ionic system (1,2-hexadecanediol, oleic acid, 
and oleylamine in diphenyl ether). Photochemically induced platinum 
deposition was carried out at room temperature in [BMIM][Tf2N] without 
addition of a sacrificial reducing agent, and product topology was compared 
with the photodeposition products obtained using a non-ionic system (toluene 
with triethylamine added as a reducing agent). We will discuss our results 
correlating solvent and reaction conditions with platinum placement, which 
occurred preferentially at the nanorod termini or throughout the nanorod 
surface. We will also discuss photocatalytic reduction of methylene blue using 
these Pt-CdSe@CdS heterostructured nanoparticles, and correlation of 
catalytic performance with platinum placement and synthetic history. 

COLL 373 

Molecular coupling between organic molecules and metal 

Hu Pengcheng1, hpc90@seu.edu.cn, Xiaolin Lu1, Zhan Chen2. (1) Biological 
Science and Medical Engineering, Southeast University, Nanjing, Jiangsu, 
China (2) Univ of Michigan, Ann Arbor, Michigan, United States 

Time-resolved spectroscopic technique could trace ultrafast dynamics to 
probe molecular couplings. Hence, using femtosecond sum frequency 
generation (fs-SFG) vibrational spectroscopy to study SAMs of benzyl 
mercaptan (BMP) or 2-phenylethanethiol (PET) on gold (Au) substrates, we 
observed an apparent three-segmental free-induction decay (FID) behavior of 
SFG signal, which can be attributed to damping of the signal contributed by 
free electron, electron-coupled and uncoupled phenyl C-H stretching 
vibrational modes. Furthermore, FIDs of thiophenol (TP) SAM on Au and 
trichloro(phenyl)silane (TPS) SAM on silica were also detected. The former 
exhibits an apparent two-segmental FID behavior with damping of only the 
coupled phenyl C-H stretching vibrational mode and the latter exhibits an 
apparent two-segmental FID behavior with damping of only the uncoupled 



mode, respectively. The FID data can also be explained on account of the 
quantum beating effect. This study demonstrates that the bridged methylene 
group(s) can substantially influence the coupling between the phenyl C-H 
stretching vibration and the surface free electron. 

 

COLL 374 

Ullmann coupling of helical polycyclic aromatic hydrocarbons on metal 
surfaces 

Anaïs Mairena1, anais.mairena@empa.ch, Manfred Parschau1, Johannes 
Seibel1, Martin Wienke6, Laura Zoppi3, Christian Wäckerlin1, Jingyi Li1, Kévin 
Martin5, Narcis Avarvari5, Andreas Terfort2, Karl-Heinz Ernst1,4. (1) Empa, 
Swiss Federal Laboratories for Materials Science and Technology, Dübendorf, 
Switzerland (2) Goethe-Universit?t Frankfurt, Inst fur Anorganische 
Analytische Che, Frankfurt, Germany (3) University of Zurich, Zurich, 
Switzerland (4) University of Zürich, Zürich, Switzerland (5) University of 
Angers, Angers, France (6) University of Hamburg, Hamburg, Germany 

Interaction between chiral molecules are of paramount importance for many 
applications such as enantioselective catalysis, design of non-linear optics, 
spin filters and optical resolution of enantiomers by crystallization. Surfaces 
provide an up–down asymmetry, excluding certain symmetry elements, such 
as center of inversion or glide plane parallel to the surface, and might induce 



stereochemical effects during chemical reactions on chiral molecules. 
Ullmann coupling has been very successful for the carbon–carbon coupling of 
organic molecules on surfaces. We present a scanning tunneling microscopy 
(STM) study of the Ullmann coupling of helicenes, a type of helical aromatic 
hydrocarbons, on Au and Cu. 
 
The Ullmann coupling of chiral 2-bromo[4]helicene on Cu(100) gives rise to 
the exclusive formation of homochiral products, i.e. (M,M) and (P,P)-bis[4]H 
(Fig. 1), which self-assemble into homochiral mirror domains. The (P,M)-
bis[4]H diastereomer is not observed, imposing diastereoselectivity to the 
Ullmann reaction, which is most likely based on the low inversion barrier of the 
tetrahelicene subunits. Using 2,3-dibromo[4]helicene as Ullmann reaction 
precursor leads to trishelicenes (e.g. trisphenanthro[3,4;3’,4’,3”,4”-
b,h,n]triphenylene), by forming a new centered C6 ring. These self-assemble 
into homochiral domains with the bromine atoms embedded between the 
trishelicenes. 
 
The diastereoselectivity in Ullman coupling of chiral 9-bromo[7]helicenes, 
which have substantially higher inversion barriers, will also be discussed. On 
Au(111) the coupling of two Br-[7]H produces both heterochiral and 
homochiral dimers (bis[7]H) arranging in two different long-range ordered 
structures. On Cu(111), the formation of an intermediate organometallic 
compound is observed. The self-assembly of bis[7]H surface reaction product 
will be compared to the self-assembly of bis[7]H obtained by C-C coupling in 
solution prior to adsorption. 

 
Fig. 1: From left to right: ball-and-stick models of 2-bromo[4]-, 9-bromo[7]-, bis[4]- 
and bis[7]-helicene. Ball-and-stick models of tetra-, and heptahelicene derivatives 
used in our study. Br, C and H atoms are displayed in yellow, blue and white 
respectively. 

COLL 375 

Redox-active ligand controlled selectivity of vanadium oxidation on 
Au(100) 



Steven L. Tait2, tait@indiana.edu, Christopher Tempas2, Tobias W. Morris2, 
David Wisman5,2, Naseem Din6, duy le6, Christopher G. Williams3, Miao 
Wang2, Alexander V. Polezhaev4, Talat S. Rahman1, Kenneth G. Caulton2. (1) 
Dept of Physics Univ Cen Flor, Orlando, Florida, United States (2) Indiana 
University, Bloomington, Indiana, United States (3) Chemistry, Indiana 
University, Bloomington, Indiana, United States (4) Chemistry, Indiana 
University, Bloomington, Bloomington, Indiana, United States (5) NAVSEA 
Crane, Crane, Indiana, United States (6) University of Central Florida, 
Orlando, Florida, United States 

Metal-organic coordination networks at surfaces, formed by on-surface redox 
assembly, are of interest for designing specific and selective chemical function 
at surfaces for heterogeneous catalysts and other applications. The chemical 
reactivity of single-site transition metals, which is essential to these 
applications, has not been fully characterized. Here, we demonstrate with a 
surface-supported, single-site V system that not only are these sites active 
toward dioxygen activation, but the products of that reaction show much 
higher selectivity than traditional vanadium nanoparticles, leading to only one 
V-oxo product. We have studied the chemical reactivity of one-dimensional 
metal-organic vanadium - 3,6-di(2-pyridyl)-1,2,4,5-tetrazine (DPTZ) chains 
with O2. The electron-rich chains self-assemble through an on-surface redox 
process on the Au(100) surface and are characterized by X-ray photoelectron 
spectroscopy, scanning tunneling microscopy, high-resolution electron energy 
loss spectroscopy, and density functional theory. Reaction of V-DPTZ chains 
with O2 causes an increase in V oxidation state from VII to VIV, resulting in a 
single strongly bonded (DPTZ2-)VIVO product and spillover of O to the Au 
surface. DFT calculations confirm these products and also suggest new 
candidate intermediate states, providing mechanistic insight into this on-
surface reaction. In contrast, the oxidation of ligand-free V is less complete 
and results in multiple oxygen-bound products. This demonstrates the high 
chemical selectivity of single-site metal centers in metal-ligand complexes at 
surfaces compared to metal nanoislands. 

COLL 376 

Electrical and optical studies of porphyrin-based two-dimensional metal-
organic frameworks 

Kristi Ishihara, krishihara@gmail.com, Fangyuan Tian. Chemistry, California 
State University, Long Beach, Fountain Valley, California, United States 



Porphyrin-containing MOFs have attracted a significant amount of attention 
due to their photocatalytic potential that can be applied in light-harvesting 
devices. These porphyrin-containing MOFs are composed of carboxylate 
porphyrin and various transition metal ions, such as Zn2+,Cu2+,Fe2+ and 
Pd2+. In this work, we synthesized two Cu-porphyrin MOFs, CuTCPP and 
NAFS-2, both of which have a layered structure consisting H2TCPP 
(5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin) and copper ions. To compare 
their electronic and optical properties, we prepared ultra-thin film of each MOF 
by a Langmuir-Blodgett method. Our studies found CuTCPP exhibiting a high 
conductivity compared to NAFS-2 due to the porphyrin centers are occupied 
by copper ions. The structural difference was confirmed by UV/Vis/NIR 
spectra. Additionally, we calculated the energy bandgap of each nanosheet 
material and compared our experimental results with the natural bond orbital 
(NBO) analysis based on the density functional theory (DFT). 

COLL 377 

Molecular topology and surface chemical bond: Alternant vs. non-
alternant aromatic molecules 

Benedikt P. Klein1, kleinbe@students.uni-marburg.de, Nadine J. van der 
Heijden2, Markus Franke3, Claudio K. Krug1, Stefan R. Kachel1, Phil 
Rosenow1, François Posseik3, Martin Schmid1, Ralf Tonner1, Ingmar Swart2, 
Christian Kumpf3, J. Michael Gottfried1. (1) Fachbereich Chemie, Philipps-
Universität Marburg, Marburg, Germany (2) Debye Institute for Nanomaterials 
Science, Utrecht University, Utrecht, Netherlands (3) Peter Grünberg Institut 
(PGI-3), Forschungszentrum Jülich, Jülich, Germany 

In organic light-emitting diodes and related organic-electronic devices, 
molecular organic semiconductors are typically contacted by metal electrodes. 
The resulting metal/organic interfaces have a large impact on the performance 
of these devices, which makes the understanding of their chemical, electronic 
and geometric structure indispensable for the further rational development of 
organic electronics. Accordingly, model metal/organic interfaces with aromatic 
molecules have been a major research topic during the past decade. Up to 
now, the focus has been almost exclusively on aromatic systems with 
alternant topology such as pentacene, which have a uniform charge 
distribution and highly delocalized frontier orbitals. In contrast, aromatic 
systems with non-alternant topology have non-uniform charge distributions, 
which can result in considerable in-plane dipole moments, and more localized 
frontier orbitals. They also violate the Coulson-Rushbrooke pairing theorem 
and thus have shifted valence levels compared to the isomers with alternant 



topology. In this contribution, we present the first systematic studies of a non-
alternant aromatic molecule on the (111) surfaces of Cu and Ag. In particular, 
we focus on naphthalene, which has as an alternant topology, and its non-
alternant counterpart azulene (bicyclo[5.3.0]decapentaene). On the basis of 
extensive NEXAFS, PES, TPD, nc-AFM, STM and NIXSW studies, we show 
that the non-alternant topology results in much stronger interaction with metal 
surfaces, especially in the case of Cu(111), and that the interaction is more 
localized. Complementary periodic DFT calculations provide detailed insight 
into the surface chemical bond and charge redistribution between surface and 
molecule. A major part of the localized interaction is the donation of electron 
density into the molecular LUMO. This leads in turn to considerable in-plane 
and out-of-plane deformations of the adsorbed non-alternant species, while 
the alternant molecule remains largely undeformed. 

COLL 378 

Characterization of electrogenerated hexacynoferrate thin films for 
battery applications 

Scott D. Joffre, Amanda Rensmo, Jennifer R. Hampton, 
hampton@hope.edu. Department of Physics, Hope College, Holland, 
Michigan, United States 

Prussian Blue Analogues such as transition metal hexacyanoferrates (HCFs) 
have gained increasing interest as materials for energy storage applications, 
as they provide enhanced stability due to their open framework structure and 
potential for reduced cost by use of earth-abundant materials. 
Electrodeposited Ni, NiCo, and NiCu were modified by cyclic voltammetry in 
the presence of hexacyanoferrate to form a variety of alloy HCF thin films. For 
NiCo- and NiCu-based HCF materials, the charge storage and transport 
properties were measured and compared to the base Ni-HCF to explore the 
effects of the addition of alloying metals. The addition of Cu generally 
increased the total charge storage capacity of the HCF. In contrast, the 
kinetics of the charge transport process was not significantly affected by the 
addition of Cu or Co. For Ni-HCF, the total amount of Fe in the resulting 
material was measured both electrochemically and with x-ray spectroscopic 
methods. Preliminary results show that spectroscopic measurements were 
larger than the electrochemical ones, indicating there may be additional 
electrochemical reactions occurring in the presence of the HCF. 

  



COLL 379 

Measuring individual point defects in monolayer WS2 using scanning 
probe microscopy 

Bruno Schuler1, bsc@zurich.ibm.com, Christoph Kastl1, Christopher Chen1, 
Sivan Refaely-Abramson1, Shengjun Yuan2, Rafael Roldan3, Nicholas J. 
Borys1, Tevye Kuykendall1, Frank Ogletree1, Jeffrey B Neaton1, Shaul Aloni1, 
Adam Schwartzberg1, Alexander Weber-Bargioni1. (1) Molecular Foundry, 
Lawrence Berkeley National Lab, Berkeley, California, United States (2) 
Radboud University of Nijmegen, Nijmegen, Netherlands (3) Instituto de 
Ciencia de Materiales, Madrid, Spain 

The advent of transition metal dichalcogenides (TMDs) and other two-
dimensional (2D) materials has attracted considerable attention to unique 
material properties emerging from their reduced dimensionality. Because of 
this strong confinement, structural defects greatly modify such properties. 
Using low-temperature scanning probe microscopy with CO functionalized tips 
we identified and characterized four common point defects in monolayer WS2: 
W vacancies, S vacancies in the top and bottom chalcogen layer and Mo 
impurities. We could show that out of these defects only the W vacancy 
creates defect states within the band gap of WS2, in contradiction to 
predictions by most state-of-the-art density functional theory calculations. 
Additionally, two of these W vacancy states were shown to be split by spin-
orbit coupling. The atomic-scale characterization allows an unprecedentedly 
detailed picture on the structure and functionality of point defects in 2D-TMDs. 

 



 

COLL 380 

Structure and defects in the TiN-TiO2 rutile interface 

Julio Gutierrez, Michael Nolan, michael.nolan@tyndall.ie. Tyndall National 
Institute, Cork, Ireland 

Titanium nitride (TiN) is widely used in industry as a protective coating and a 
conducting layer due to its hardness, resistance to corrosion and conductivity. 
TiN can spontaneously form a thin oxide layer when exposed to air, which 
could modify the properties of the coating. With limited understanding of the 
TiO2–TiN interfacial system at present, this contribution presents a density 
functional theory (DFT) study of the the structural and electronic properties of 
oxidized TiN using the TiN(100)-rutile TiO2(110) interface as a model system. 
The small lattice mismatch gives good stability to the TiO2–TiN interface after 
depositing the oxide onto TiN through the formation of interfacial Ti–O bonds. 
Using DFT+U we show the presence of Ti3+cations in the TiO2 region, which 
are preferentially located next to the interface region as well as the rotation of 
the rutile TiO2 octahedra in the interface structure. The DFT+U TiO2 electronic 
density of states (EDOS) shows localized Ti3+ defect states forming in the 
midgap between the top edge of the valence and the bottom of the conduction 
band. We increase the complexity of our models by the introduction of 
nonstoichiometric compositions. The vacancy formation energies for Ti in TiN 
(Evac (Ti) ≥ 4.03 eV) are high but for oxygen removal of multiple interfacial 
oxygen sites is stable as a result of forming multiple interfacial Ti-O and Ti-N 



bonds. We further show that a structure with exchanged O and N can lie 0.82 
eV higher in energy than the perfect system, suggesting the stability of 
structures with interdiffused O and N anions at ambient conditions. The 
presence of N in TiO2 introduces N 2p states localized between the top edge 
of the O 2p valence states and the midgap Ti3+ 3d states, thus reducing the 
band gap in the TiO2 region for the exchanged O/N interface EDOS. The 
outcomes of these simulations give us a most comprehensive insight on the 
atomic level structure and the electronic properties of oxidized TiN surfaces. 

COLL 381 

Fundamental surface modification and synchrotron-based spectroscopy 
of nanoscale diamond with amines, boranes and silica 

Grace Jean-Pierre1, Polo Tran1, Perla J. Sandoval1, Jesse Hnatek1, Andres 
Arreola1, Anida Len1, Cynthia Melendrez1, Daniela Barrera1, Ryan Robinson1, 
Pomaikaimaikalani Yamaguchi1, Karen Lopez1, Alejandro Hernandez1, Elena 
Favre1, Dennis Nordlund2, Virginia Altoe3, Abraham Wolcott1, 
abraham.wolcott@sjsu.edu. (1) Chemistry, San Jose State University, San 
Jose, California, United States (2) Stanford Synchrotron Radiation 
Lightsource, SLAC National Accelerator Laboratory, Menlo Park, California, 
United States (3) The Molecular Foundry, Lawrence Berkeley National 
Laboratory, Berkeley, California, United States 

The fluorescent nitrogen vacancy center in diamond is a powerful imaging tool 
of both magnetic and electric fields with nanometer spatial resolution. 
Tracking of individual NVCs hosted in nanoscale diamond is possible because 
of their electron-spin readout properties and opens new avenues for imaging 
in cells and tissues. Fluorescent nanoscale diamond (FND) is produced via 
ball-milling of macroscopic high-pressure high-temperature diamond and has 
electronic and surfaces properties that are nearly identical to bulk diamond. 
While FNDs are attractive for biolabelling due to their chemical inertness and 
lack of cytotoxicity, few chemical routes exist to modify their surface and most 
routes focus on carboxylate chemistry. Here we use gas phase and wet 
chemical techniques to modify the surface with amines, boranes and silica 
and provide definitive chemical analysis with surface sensitive spectroscopies. 
Our goal is to increase the chemical reactivity of the inert diamond surface 
and probe new routes for functionalization. We confirm the FND surface 
moieties using overlapping spectroscopies based on laboratory (FTIR) and 
synchrotron based techniques (X-ray absorption and X-ray photoelectron 
spectroscopies). Near surface covalent bond formation (inner shell chemistry) 
of tertiary amines, borates and silica are then used as molecular anchors for 



further functionalization with stabilizing and bioactive moieties. We 
demonstrate staining efficiency of FNDs by targeting folate receptors in HeLa 
cells and patterned substrates on quartz. Our work is promising for both the 
fundamental surface science of diamond surfaces and their applied use in 
biolabelling modalities based on the nitrogen vacancy center. 

COLL 382 

Electrochemical sensor of CO2 based on surface modified halloysite 
nanotubes 

Chaiya Prasittichai, chaiya.pr@ku.th. Chemistry, Kasetsart University, 
Bangkok, Thailand 

Alteration of the surface by self-assembled monolayer (SAM) has emerged as 
the excellent strategy to tune the surface of the materials for interested 
applications. In this talk, we describe the fabrication of a facile CO2 sensor by 
selectively modify the outer surface of halloysite nanotues (HNTs) with 3-
aminopropyl triethoxysilane SAM. This amine surface functionalized HNTs 
has been illustrated to selectively capture and release CO2 at low 
temperature, allowing us to trace the amount of CO2 in the ambient air by 
electrochemical impedance spectroscopy. We found that the proton 
conductivity of SAM-modified HNTs in aqueous media was dropped linearly 
as the concentration of CO2 increase. The results we demonstrate here offer a 
new path to produce a cheap but reliable CO2 sensor. 

COLL 383 

Functionalizing silicon surfaces: Mechanistic connections between 
molecules and interfaces 

Jillian M. Buriak, jburiak@ualberta.ca, Minjia Hu, Tate Hauger. Department 
of Chemistry, Univ of Alberta, Edmonton, Alberta, Canada 

Interfacing molecules with silicon is of enormous interest for applications in 
molecular electronics, for passivation for applications in solar fuels, and 
further miniaturization of feature sizes of transistors on silicon into the sub-10 
nm regime. The formation of silicon-carbon bonds is a practical and commonly 
used approach to chemically functionalize the surface of silicon due to the 
stability of the Si-C bond, and the surprisingly diverse number of distinct 
mechanisms, and hence reaction conditions, that can be harnessed to enable 
this chemistry. Research over the past two decades has shown, however, that 



the mechanisms in operation are far more diverse, and the chemistry much 
richer, than initially believed. The underlying electronics of the silicon play an 
important role in enabling the chemistry of the surface, and under many 
circumstances, can dominate. In this talk, we will discuss the latest 
developments in the surface chemistry of silicon that provide practical 
avenues for exquisitely precise integration of molecules with silicon surfaces. 
From the use of surface plasmons, to nanopatterning, to bonding via exotic 
elements (such as Si-S, Si-Se, Si-Te bonds), silicon continues to surprise. 

 

COLL 384 

Probing organic reactions at surfaces using DART-MS 

Han Zuilhof1,2, han.zuilhof@wur.nl. (1) Lab of Organic Chemistry, 
Wageningen University, Wageningen, Netherlands (2) Chemical and Materials 
Engineering, King Abdulaziz University, Jeddah, Saudi Arabia 

Surface-bound organic reactions in organic monolayers can, in principle, be 
followed by a range of surface-sensitive techniques, including e.g. XPS, 
contact angle measurements, IR and electrochemistry. An ideal technique 
would combine robust application, low costs, high throughput rates, high 
sensitivity, independence of a specific substrate, providing structural and 
compositional information, and displaying an output that is quantitatively 
related to the progress of the reaction in an easy fashion. As no technique 
then combined these features, a few years ago we developed the use of 
DART ambient mass spectrometry.for this purpose. 
The presentation will outline the basis of the technique, an overview with 
some current examples - including composition of monolayers, rate 
information on the conversion of one monolayer into another, activation 
parameters for surface-bound organic reactions, and supramolecular 
phenomena - and a discussion of the potential of this and related techniques 
for surface science. 

 



 
 

COLL 385 

Fe-based modification of graphite felt surfaces for electrochemical 
treatment of aqueous contaminants 

Maynard Kong, mjkong@pucp.edu.pe. Chemistry Section, Pontificia 
Universidad Catolica del Peru, Lima, Peru 

Given the increasing need to process larger quantities of wastewater, of 
complex composition and mainly from urban and industrial origin, it is 
important to explore other methods beyond those applied in conventional 
processes carried out in wastewater treatment plants. Electrochemistry offers 
novel tools to replace some of these stages, at low cost, in shorter reaction 
periods, and without the need to supply great quantities of chemicals to the 
effluent. Our research group has developed electrodes based on modification 
of graphite felt (GF), by depositing metallic iron (Fe/GF) and its oxide-
hydroxides (FeOxHy/GF) for the treatment of synthetic aqueous samples by 
combining electro-coagulation, anodic oxidation, and cathodic generation of 
H2O2 on their surfaces. These Fe-based GF modified electrodes are intended 
to be used as cathodes as well as anodes for the electrochemical treatment of 
wastewater effluents. Therefore, it is important to understand the structure 



and electrochemical properties of their electrified surfaces in contact with an 
aqueous phase, including their anodic behaviour in removing and dissolving 
metallic iron from Fe/GF, or in depositing FeOxHy/GF structures, such as 
FeO, α-FeO.OH, Fe2O3, and Fe3O4. 
 
Among these modified materials, we have synthesized thick films of metallic 
Fe obtained by cathodic deposition on graphite felt (Fe/GF) by applying 
continuous current across a Fe2+(ac) solutions. These electrodes were studied 
as cathodes to generate H2O2 as an oxidizer in aqueous phase, and as 
anodes to remove or degradate residues of dairy nature in synthetic water 
samples. This treatment turned out to be very efficient in reducing the initial 
values of chemical oxygen demand, nephelometric turbidimetry, and total 
protein content of the aqueous samples. We report the reaction kinetics for 
this electrochemical system and compare it to others with similar components. 
 
As for the possible formation and applications of FeOxHy structures on GF 
substrates, these surfaces were oxidized anodically in contact with an acid 
Fe2+(ac) solution. We report the anodic deposition of magnetite (49% 
Fe3O4/GF) which includes the formation of other oxide phases (36% FeO/GF 
and 15% α-FeO.OH/GF). The presence of Fe3O4 on this surface is important, 
considering its possibility to remove paramagnetic contaminants from 
aqueous solutions. We chose Mn2+ as an aqueous paramagnetic species 
probe, which was significantly removed by action of the 49% Fe3O4/GF 
electrode. 

COLL 386 

Metal contacts in silicon solar cells: Role of surface science 

Katherine Roelofs, katherine.e.roelofs@intel.com. Intel, San Jose, California, 
United States 

Metallization is a key process in the industrial fabrication of mono-crystalline 
p-type silicon solar cells with n-type emitters. For front-side metallization paste 
technologies, screen printing is widely employed, accounting for over 95% of 
the current world market share of crystalline silicon solar cells. The front-side 
metallization paste acts to remove the SiNx antireflection coating and form 
electrical contact to the emitter. Silver is the material of choice for front-side 
pastes, despite the cost. Ag’s high conductivity allows for reduced line width, 
minimizing shading of the solar cell’s front surface. 
During metallization Ag paste is screen-printed on the Si solar cell and then 
fired in an infrared belt furnace. The Ag paste contains metal oxide particles, 



known as frit, which oxidize the SiNx coating. The resulting interfacial glass 
flows, allowing some Ag particles to come into close contact with the Si 
surface. Due to the wide variety of interfacial structures that form during this 
process, there is debate over the exact current pathway for electrical contact 
to the Si. Determining the electrically active interfacial structures is critical for 
a fast R&D loop of understanding paste formulation, resulting structure, and 
electrical performance. In this talk, I will discuss some of the challenges faced 
in the development of metallization pastes for silicon solar cells, drawing 
examples from industry. 

COLL 387 

Nanoparticles via vapor phase condensation for energy applications 

Bruce M. Clemens1, bmc@stanford.edu, Brenna Gibbons1, Melissa Wette1, 
Drew Higgins2, Thomas F. Jaramillo2, John Baker2, Stacey F. Bent3, Apurva 
Mehta4, Ryan Davis4. (1) Materials Science and Engineering, Stanford 
University, Stanford, California, United States (2) Department of Chemical 
Engineering, Stanford University, Stanford, California, United States (3) 
Chemical Engineering, Stanford University, Stanford, California, United States 
(4) Stanford Synchrotron Radiation Light Source, Stanford, California, United 
States 

With the intensifying global need for alternative energy, there is strong interest 
in new approaches for generating and using energy efficiently, and for 
sustainably storing energy as chemical fuels. Efficient energy transformations 
involving chemical bonds rely on effective catalysts to lower reaction kinetic 
barriers. The increased variety of available structural and chemical 
configurations in vapor phase condensed nanoparticles has the potential for 
new and improved heterogeneous catalysts. Here we report on elemental and 
alloy nanoparticles formed via vapour phase condensation. The vapor phase 
source is a three-target magnetron sputter source operating into a relatively 
high-pressure inert gas environment. The sputtered atoms are cooled by 
collisions with the inert gas molecules, resulting in condensation into 
nanoparticles. By controlling the inert gas pressure and composition, the 
length of the condensation zone and other experimental variables the particle 
size distribution can be tuned. A quadrupole mass spectrometer is used to 
characterize the size distribution and select a size to impinge on the sample 
surface. We report on copper-silver alloy nanoparticles for the oxygen 
reduction reaction, and on rhenium nanoparticles incorporated into an 
electrode structure for electrochemical ammonia production. The effect of 
structure, size and composition on electrochemistry is explored. 



COLL 388 

Thermorsponsive colloidal molecules with tunable directional 
interactions 

Peter Schurtenberger, peter.schurtenberger@fkem1.lu.se. Department of 
Chemistry, Lund University, Lund, Sweden 

Small clusters assembled from spherical colloids that resemble space-filling 
moleculular models, so-called colloidal molecules, have emerged as highly 
interesting model systems in attempts to use colloids to capture the 
anisotropic nature of atoms and molecules in terms of shape and interactions, 
and to synthesize materials with novel optical properties through self-
assembly. Here we demonstrate that we can fabricate colloidal molecules with 
a well-defined number of binding sites and externally tuneable interactions. 
This is achieved by using microgels synthesized from the temperature-
responsive polymers N-isopropylacrylamide (PNIPAM) or N-
isopropylmethacrylamide (PNIPMAM) as building blocks, which are then 
assembled into well-defined small clusters. The use of pNIPAM and 
pNIPMAM microgels allows for easy manipulation of the interactions between 
the resulting colloidal molecules via temperature, as the interaction potential 
between individual microgels changes from soft repulsive below the volume 
phase transition temperature (VPTT) of the microgels to attractive for T > 
VPTT. We will present different approaches to fabricate colloidal molecules, 
and demonstrate that microgel-based colloidal molecules represent an 
interesting class of colloidal building blocks with the potential to reversibly 
form complex structures and materials through temperature-tuneable 
directional interactions. 

COLL 389 

Colloidal and macromolecular complexes at fluid-fluid interfaces and 
impact on mechanical properties 

Michael L. Davidson, Stephanie M. Kirby, Lynn Walker, 
lwalker@andrew.cmu.edu. Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States 

Complexation of colloidal species (particles, proteins, macromolecules) and 
surfactant in bulk solution has long been used to generate complexes of 
different geometry, size, and surface chemistry. These complexes will have 
different interfacial properties than the individual components allowing for the 



formation of irreversibly adsorbed and elastic interfaces. The detailed control 
of these interfaces for optimization of interfacial properties is necessary. We 
are developing the knowledge and tools to have this control and also 
generating a characterized library of interfaces for study of phenomena like 
coalescence, deformation and break up of fluid-fluid interfaces. The properties 
(interfacial tension and interfacial rheology) of fluid-fluid interfaces with 
polymer-surfactant complexes and particle-surfactant complexes adsorbed 
will be discussed. Of specific interest is the ramifications of complex 
properties on these interfacial properties. Most characterization of interfaces is 
performed to extract isotherms, or equilibrium and steady-state behavior. For 
processing, the more relevant information is the transient state; knowledge of 
transport time scales will have a significant impact on the design of processes. 
One example with demonstrate the ability to alter interfacial mechanics 
thought nonlinear deformation of interfaces. This ability to control and 
generate different interfacial properties through deformation of the interface is 
important for processing of multicomponent layers. 

COLL 390 

Stratification in colloidal films: Experimental evidence from atomic force 
microscopy and small-angle X-ray scattering 

Amanda Carr1, Weiping Liu1, Xiao Liu1, Kevin Yager3, Alexander F. 
Routh2, Surita Bhatia1, surita.bhatia@stonybrook.edu. (1) Stony Brook 
University, Stony Brook, New York, United States (2) Dept of Chemical 
Engineering, University of Cambridge, Cambridge, United Kingdom (3) 
Brookhaven National Laboratory, Upton, New York, United States 

Multicomponent films based on colloidal dispersions have a wide range of 
applications, including antimicrobial coatings for medical instruments, 
conductive textiles for flexible electronics, anti-reflective coatings for optical 
devices, paints for humid environments that are resistant to mold growth, and 
drug-loaded coatings for medical implants. Often, there is a need to spatially 
control location of certain components in the film. For example, silver 
nanoparticles can be used to impart antimicrobial activity to paints, but this 
component is expensive and may only be needed in the top few layers of the 
coating, not throughout the entire film. In principle, evaporative drying of 
multicomponent dispersions can be used to create films with a prescribed 
vertical concentration profile in a one-step process. In this talk, we present our 
recent results from atomic force microscopy (AFM) and small-angle X-ray 
scattering (SAXS) on films prepared from binary colloidal dispersions 
containing large and small particles of varying size and initial volume fraction. 



Our results show evidence of different types of stratification behavior, 
including large-on-top (e.g., large particles migrating to the top surface of the 
film), small-on-top, and “sandwich”-like layering. We discuss these results in 
terms of recent theories for stratification during evaporative drying. 

COLL 391 

Structure and dynamics of nanoparticles in polymeric fluids 

Ryan Poling-Skutvik, Ramanan Krishnamoorti, Jacinta Conrad, 
jcconrad@uh.edu. Univ of Houston, Houston, Texas, United States 

Transport of nanoparticles through complex fluids is essential for environment 
remediation strategies, nanocomposite processing conditions, and targeted 
drug delivery techniques. Nanoparticle transport is distinct from that of colloids 
for which dynamics are coupled to the bulk viscoelasticity of the surrounding 
fluids because nanoparticles are of comparable size to the heterogeneities 
present in many complex fluids. Thus, nanoparticle dynamics decouple from 
the bulk properties of the fluid and can transport many orders of magnitude 
faster than expected. To understand the underlying physics of transport in this 
size regime, we measure the dynamics of nanoparticles moving through 
polymer solutions, which serve as model complex fluids with well-controlled 
and tunable heterogeneities. The long-time dynamics of the nanoparticles 
couple to the polymer relaxations, resulting in strong deviations from Stokes-
Einstein predictions that depend on particle size and polymer concentration. 
Nanoparticle dynamics in polymer solutions are further modified through 
surface modifications, specifically electrostatic charges or grafted polymers. 
Grafted polymers help to stabilize the nanoparticle dispersions but their 
conformations can be perturbed by the dissolved free polymer. These 
perturbations have significant implications for the structure and dynamics of 
the polymer-grafted nanoparticles. Tuning the nanoparticle size and modifying 
the particle surface chemistry grants excellent control over the transport 
properties of nanoparticles through complex media. 

 



 

COLL 392 

Cascade processes in “artificial cells” triggered by light, chemicals, or 
enzymes 

Srinivasa R. Raghavan1, sraghava@umd.edu, Kerry C. DeMella2. (1) 
Chemical Biomolecular Engineering, University of Maryland, College Park, 
Maryland, United States (2) Chemistry, University of Maryland, Chesapeake, 
Virginia, United States 

Recently, we have designed biopolymer capsules that have the architecture 
seen in eukaryotic cells. That is, these capsules have internal compartments, 
each of which has distinct contents. To make such multicompartment 
capsules (MCCs), we have devised a simple microfluidic method that relies 
solely on aqueous media, requires no sacrificial templates, and uses a 
minimal number of steps. The shell around each compartment is formed by 
the electrostatic complexation of oppositely charged polymers, and therefore 
is permeable to small molecules, while allowing macromolecules and 
nanoparticles to remain encapsulated. Our larger goal is to endow these 
MCCs with “emergent” properties, where the overall MCC has a behavior that 
emerges out of interactions between the individual compartments. 
 
To achieve such emergent properties, we have tried to implement cascade 
processes within the MCCs. First, we have created MCCs in which one (or 
more) of the internal compartments is photoresponsive. When irradiated with 
UV light, the photoresponsive capsules degrade and thus release a payload, 
which can now interact with an adjacent compartment in the MCC. In the 
second case, we have used capsules with catalytic nanoparticles, termed 



“micromotors”, as internal compartments. On their own, these micromotors 
are capable of self-propulsion when exposed to a chemical fuel. When the 
micromotors are in an MCC, the entire MCC can be propelled in some cases, 
but in other instances, the micromotors make a breach in the outer shell of the 
MCC and escape out. Finally, in a third class of MCCs, we show that a 
catalytic reaction in the lumen produces gas bubbles that inflate the whole 
MCC before causing the violent ejection of an inner compartment. 

COLL 393 

Herpesvirus infectivity facilitated by internal DNA pressure and capsid 
stability 

Alex Evilevitch1,2, wtalexe@gmail.com. (1) Pathobiology, University of Illinois 
at Urbana-Champaign, Urbana-Champaign, Illinois, United States (2) 
Experimental Medical Science, Lund University, Lund, Sweden 

Herpesviruses are a leading cause of human viral disease, second only to 
influenza and cold viruses. Herpesviruses consist of a double-stranded (ds) 
DNA genome contained within a protein shell, termed the capsid, that is 
surrounded by an unstructured protein layer (the tegument) and a lipid-
envelope. During viral replication, an ATP-dependent motor packages the 
genome into a preformed capsid through a unique opening created by the 
portal complex. Herpes Simplex virus type 1 (HSV-1) is a prototypical model 
system to study the general infection mechanisms of herpesviruses and other 
viruses that release their genome into the cell nucleus without capsid 
disassembly. We have recently shown that HSV-1 genome packaging creates 
an internal pressure of tens of atmospheres within the viral capsid. This 
pressure results from bending stress and repulsive forces acting on the tightly 
packaged DNA molecule. Between rounds of replication, the virion must be 
sufficiently stable to ensure that the packaged genome is retained within the 
capsid. Conversely, during infection the virion must be unstable enough to 
allow genome release into the cell nucleus. A precise balance between these 
physical aspects of the viral capsid and its encapsidated genome is crucial to 
the viral replication cycle. Using HSV-1 as our primary model system, we 
investigate the roles of intracapsid DNA pressure, mobility and capsid 
stability for viral replication with respect to retention of the packaged 
genome inside the capsid and its subsequent ejection during 
infection. These studies provide new insights into the key mechanisms 
facilitating as well as inhibiting Herpes infectivity. 

  



COLL 394 

Impact of atmospheric aerosols and clouds on hydrocarbon chemistry 

Joseph S. Francisco, jfrancisco3@unl.edu. Department of Chemistry, 
University of Nebraska-Lincoln, Lincoln, Nebraska, United States 

The chemistry at the boundary between two interacting phases is a relatively 
new area, which is not well developed. Pioneering experiments by the 
Richmond group clearly show that at the interface between phases, the 
chemistry is remarkably different. We have examined these differences, and 
will report on insight from the fundamental molecular level into the adsorption 
process that governs the accommodation and uptake of atmospheric species 
at cloud/aerosol interfaces using combined ab-initio quantum mechanics (QM) 
calculations and molecular dynamics (MC) atomistic simulations. 
Hydrocarbons can act as important weather and air quality forcing agents, in 
particular in regions subject to urban traffic pollution. The interaction of 
hydrocarbons and the air-water interface is essential to understanding how 
clouds or atmospheric aerosols influence air quality issues. 

COLL 395 

From the field to the lab: Atmospheric organics in urban air and at the 
air-water interface 

Sumi Wren1, sumi.wren@gmail.com, Geraldine L. Richmond2, Jeffrey Brook1, 
Brittany Gordon2, Katherine Hayden1, John Liggio1, Gang Lu1, Cristian 
Mihele1, Richard Mittermeir1, Nicholas A. Valley3, Jeremy Wentzell1. (1) Air 
Quality Research Division, Environment and Climate Change Canada, 
Toronto, Ontario, Canada (2) Department of Chemistry and Biochemistry, 
University of Oregon, Eugene, Oregon, United States (3) California Northstate 
University, Sacramento, California, United States 

Primary emissions of volatile organic compounds (VOC) can directly influence 
human health. Their atmospheric transformation also leads to the formation of 
lower volatility species which contribute to secondary organic aerosol (SOA). 
These in turn have both climate and health impacts. The first part of this 
presentation focuses on field measurements of VOCs made over the Greater 
Toronto Area (GTA) onboard Environment and Climate Change Canada’s 
mobile platform. VOCs such as benzene and toluene are known to have 
adverse health effects and a good understanding of their spatial variability at 
the neighbourhood level, as well as their relationship to traffic-related air 



pollution, is required for accurate exposure assessment. VOC measurements 
made across the GTA will be presented; preliminary results show that our 
mobile strategy is effective for pollutant mapping and for determination of on-
road emissions. The second part of the talk will shift from the field to the lab 
and focus on the fate of a semi-volatile organic compound, methylglyoxal 
(MG), at the air-water interface. Recently, it has been suggested that 
aqueous-phase processing of atmospheric α-dicarbonyl compounds such as 
MG could constitute an important source of SOA. MG is known to be surface 
active but an improved description of its surface behaviour is crucial to 
understanding MG-SOA formation, in addition to its gas-to-particle partitioning 
and cloud forming potential. In the Richmond lab, we investigated MG surface 
adsorption, focusing on its hydration state at the air-water interface. This study 
employs a combined experimental and theoretical approach involving 
vibrational sum frequency generation spectroscopy (VSFS) with molecular 
dynamics simulations and density functional theory calculations. Together, the 
experimental and theoretical data suggest that MG exists predominantly in a 
hydrated state at the interface, with higher diol-tetrol ratios at the surface than 
are found in the bulk.  

COLL 396 

Towards predictive separations using 4D super-resolution microscopy 

Christy F. Landes, cflandes@rice.edu. Dept of Chemistry, Rice University, 
Houston, Texas, United States 

Super-resolution microscopy is becoming an invaluable tool to investigate 
both the structure and dynamics driving protein interactions at interfaces. I will 
highlight the applications of super-resolution microscopy for quantifying the 
physics and chemistry that occur between target proteins and stationary 
phase supports during chromatographic separations. My discussion will 
concentrate on the newfound ability of super-resolved single protein 
spectroscopy to inform theoretical parameters via quantification of adsorption-
desorption dynamics, protein unfolding, and nano-confined transport.  

COLL 397 

Solvent isotope effect on biomolecular adsorption at hydrophobic 
surfaces 

Tasha Jarisz1, Kailash Jena1, Matthew Dixon2, Dennis K. Hore1, 
dkhore@uvic.ca. (1) Department of Chemistry, University of Victoria, Victoria, 



British Columbia, Canada (2) Biolin Scientific, Paramus, New Jersey, United 
States 

Vibrational sum-frequency generation (SFG) spectroscopy is well-suited to the 
study of physisorbed molecules, as it can distinguish surface species from 
those in the adjacent bulk phase on the basis of symmetry. This is especially 
important if the surface interaction is weak, as the system does not permit 
rinsing to remove non-adsorbed molecules. However, one of the 
consequences of a probe that relies on polar orientation to generate signal is 
that adsorbed mass and structure are inherently coupled in the measured 
response. An increase in signal can result from an enhanced surface 
coverage, or a greater extent to which molecules are ordered at the surface. 
In this work, we employ a quartz crystal microbalance with dissipation 
monitoring (QCM-D) to determine the adsorbed mass, and subsequently use 
this to interpret changes in SFG spectra. In the study of biological molecules, 
D2O is often substituted for water in order to more clearly observe vibrational 
resonances. We use our combined SFG-QCM-D technique to investigate the 
consequence of this choice using a model system. We demonstrate that while 
the adsorbed mass differs between the two solvents, the structure on 
hydrophobic surfaces is not affected by deuteration of the solvent. 

 

COLL 398 

Maximizing efficiency: Practical approaches to linking titration (and 
other methods) with NIR spectroscopy 

Adam Hopkins, ahopkins@metrohmusa.com. Metrohm USA, Riverview, 
Florida, United States 



With applications in sectors from biopharmaceuticals and petrochemical to 
cosmetics and beyond, near infrared spectroscopy (NIR) is a vital tool that is 
used around the world. Though not as common as other spectroscopic 
techniques, such as mid-IR and Raman, NIR has distinct advantages over 
these technologies for many applications. Starting with the fundamental 
physics of NIR spectroscopy, this talk will look at how to bring these 
advantages to chemical and polymer production by chemometric analysis of 
spectroscopic data. In particular, we will focus on best practices for combining 
titration and other commonly used primary analytical methods to NIR 
spectroscopy. The result of this is a set of practical strategies for 
implementing NIR spectroscopy in a manufacturing environment. 

COLL 399 

Unraveling chemical processes from a metrology perspective 

Pamela Chu, Pamela.chu@nist.gov. NIST, Gaithersburg, Maryland, United 
States 

Well-characterized quantitative measurements are critical for understanding 
fundamental chemical and physical processes in complex chemical systems. 
This presentation will show case a few examples to demonstrate how the 
Chemical Process and Nuclear Methods group partners with industry and 
academia to develop and apply new metrology approaches to national and 
industrial needs. For example, to understand the impact of aerosol on climate 
forcing, we have developed quantitative measurements of aerosol optical 
properties across a broad wavelength range to characterize the mass specific 
aerosol absorption spectra from a variety of materials including elemental 
carbon allotropes, carbon black and flame generated soots. We are now using 
this capability as a foundation to assess the comparability of aerosol 
measurements across laboratories. In a second example, two dimensional 
(2D), layered transition-metal dichalcogenides (TMDCs) are of increasing 
interest for next-generation nanoelectronic and optoelectronic devices. High 
volume manufacturing of TMDC based devices requires deposition techniques 
capable of consistently producing high-quality, large-area, 2D TMDC films 
with monolayer control. We are investigating 1) self-limiting atomic layer 
deposition (ALD) and chemical vapor deposition (CVD) chemistries and 2) 
optical mass flow meters to precisely control precursor flux to the growth 
surface to optimize large area film deposition processes. 

  



COLL 400 

Interactions between charged nanoparticles and giant vesicles 
fabricated from inverted-headgroup lipids 

Lu Wang, wang737@usc.edu, Noah Malmstadt. Chemical Engineering and 
Materials Science, USC, Los Angeles, California, United States 

The surface chemistry of the cell membrane plays an important role in how 
cells interact with particulate species. These interactions are dictated in large 
part by lipid headgroup charge. To investigate the nature of electrostatic 
interactions between lipid bilayers and nanoparticles in solution, we studied 
nanoparticles interacting with the zwitterionic lipid 1,2-dioleoyl-glycero-3-
phosphocholine (DOPC), and its inverted-headgroup analog DOCP. These 
interactions were investigated by fabricating giant unilamellar vesicles (GUVs) 
with DOPC lipids and DOCP lipids respectively, and introducing nanoparticles 
to suspensions of both. DOPC and DOCP GUVs displayed various 
deformational modes depending on the charge and size of the nanoparticles. 
The differences in the responses of the two lipid species illuminate how the 
phosphate and choline groups on the lipid contribute to interactions with 
charged nanoparticles. This study suggests that the phosphate group 
dominates the lipid-nanoparticle electrostatic interaction. We speculate that 
the formation of water clathrate structures around the choline group inhibits its 
interactions with charged nanoparticles. 

COLL 401 

Adenosine receptor 2A phase segregation behavior depends on its 
ligand binding state 

Noah Malmstadt, malmstad@usc.edu. Chemical Engineering and Materials 
Science, USC, Los Angeles, California, United States 

The lipid raft hypothesis holds that lateral segregation of lipid molecules into 
ordered and disordered phases of the plasma membrane can sequester and 
control the behavior of membrane proteins. Here, we use giant unilammelar 
vesicles (GUVs) with the adenosine A2A receptor (A2AR) incorporated in the 
bilayer to investigate how this protein segregates with bilayer domains of 
varying compositions. When no ligand is bound, A2AR partitions preferentially 
into the liquid disordered phase of GUVs, while ligand-bound A2AR partitions 
into the liquid ordered region. This phenomenon represents a potential 
allosteric modulation of the protein’s membrane localization, with implications 



to control signaling pathways via protein segregation within the lipid bilayer. 
To our knowledge, this is the first demonstration of protein phase segratation 
depending on ligand binding. 

COLL 402 

Measurement of flippase activity in individual red blood cells 

Michael Hosek, David L. Daleke, daleked@indiana.edu. Indiana Univ, 
Bloomington, Indiana, United States 

The human red blood cell membrane is uniquely designed for its function. The 
lipid membrane and underlying protein cytoskeleton collaborate to create a 
characteristic biconcave shape and is flexible enough to allow the cell to 
traverse capillary openings a fraction of the cell diameter. Due to constraints 
imparted on the membrane by the cytoskeleton, amphipathic compounds 
induce cell shape changes consistent with the transbilayer location of the lipid. 
A well-characterized example that exploits this property is measurement of the 
activity of the erythrocyte flippase. Red cell membranes are comprised of four 
major classes of phospholipids that are organized non-randomly; the choline-
containing phospholipids are concentrated on the outer membrane monolayer 
and the amine containing phospholipids, particularly phosphatidylserine (PS), 
are enriched on the cytofacial monolayer. This asymmetric distribution is 
maintained by the thermodynamic barrier to spontaneous diffusion and the 
action of lipid-specific flippases. The first evidence for PS flippase activity 
came from studies of exogenously incorporated synthetic lipids on red blood 
cell shape. The increase in outer monolayer surface area by PS induced the 
formation of spiky echinocytes, followed by reversion to discocytic and, 
subsequently, invaginated stomatocytic shapes, consistent with flippase 
transport of PS to, and relative expansion of, the inner monolayer surface. 
The lipid movements inferred from these shape changes have been verified 
with labeled lipids and have provided valuable information about flippase 
biochemistry. Using a microfluidic system to mix cells and lipids, we have 
recorded lipid-induced shape changes in real time to further examine flippase 
activity in individual cells. Our initial studies have revealed a non-uniform rate 
of lipid incorporation and transbilayer transport that might reflect age or 
metabolic differences. This technique is also being used to address the 
interaction of the membrane and the cytoskeleton, particularly at the site of 
formation of evaginations and invaginations in amphipath-induced shape 
changes. 
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Interaction of G protein transducin with GPCR rhodopsin studied by 
SANS 

Olivier Soubias4, Jonathan Nickels3, Alexei Yeliseev1, Kirk G. Hines1, Walter 
E. Teague1, John K. Northup1, John Katsaras2, Klaus Gawrisch1, 
klausg@mail.nih.gov. (1) NIAAA, NIH, Bethesda, Maryland, United States (2) 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (3) 
Shull-Wollan Center, Oak Ridge National Laboratory, Knoxville, Tennessee, 
United States (4) NCI, NIH, Bethesda, Maryland, United States 

The G protein-coupled receptor (GPCR) rhodopsin (Rho) and guanine 
nucleotide-binding protein (G protein) transducin (Gt) display high functional 
similarities to the entire class of rhodopsin-like GPCR. The convenience of 
triggering activation of rhodopsin with a flash of light makes experiments on 
Rho and Gt a good testbed for studying the mode and kinetics of G protein-
GPCR interaction. By functional studies as well as small angle-neutron 
scattering, (i) we investigated interaction Gt with the lipid matrix surrounding 
Rho, (ii) followed interaction of photoactivated Rho with guanosine 
diphosphate (GDP)-bound Gt, (iii) studied the stabilization of the 
photointermediate metarhodopsin-II (MII) upon binding of Gt, and (iv) 
observed the dissociation of Gtα and Gtβγ subunits from MII upon addition of 
guanosine triphosphate (GTP). Functional as well as structural data obtained 
by small-angle neutron scattering (SANS) suggest that at rhodopsin 
protein/lipid molar ratios of 1/300 and lower, photoactivated Rho forms a 1:1 
complex with the Gt. The density of Rho in the vesicles profoundly influenced 
its catalytic power for Gt activation. Highest rates of Gt conversion to 
dissociated Gtα and Gtβγ subunits were observed at Rho/lipid molar ratios of 
1/300 and lower. There was evidence for Rho oligomerization at higher Rho 
concentrations which lowered Gt conversion rates. 

COLL 404 

Imaging membrane-interacting peptides via a fluorescent amino acid 

Feng Gai, gai@sas.upenn.edu. Univ of Penn, Phila, Pennsylvania, United 
States 

Fluorescence imaging of biological cells requires a fluorophore that is not only 
bright and photostable but also biocompatible. Furthermore, a biological 
fluorophore that can be generated by the protein synthetic machinery of the 



cell will find broader applications. As such, various fluorescent proteins, such 
as the green fluorescent protein (GFP), have been extensively used in 
biological imaging studies. Despite their tremendous utility, however, the large 
size of such protein-based fluorescent probes can pose a concern in certain 
applications. Therefore, there is a need to develop fluorescent reporters that 
share the same advantages of fluorescent proteins but are smaller. In this 
talk, we will describe such a reporter, i.e., a fluorescent amino acid that is 
applicable for biological imaging. Specific examples will be discussed to show 
how this amino acid can be employed to determine the cellular distribution of 
various membrane peptides, including antimicrobial peptides, cell-penetrating 
peptides and peptides with a specifically designed function. 

COLL 405 

Time-resolved imaging of molecular transport through living cell 
membrane 

Hai-Lung Dai, hldai@temple.edu. Chemistry, Temple University, 
Philadelphia, Pennsylvania, United States 

Nonlinear light scattering in the form of Second Harmonic Generation, due to 
its symmetry properties, has been proven effective for recording molecular 
transport through the membranes of living biological cells with membrane 
specificity and real time resolution. Using microscopic detection of second 
harmonic light scattering, we show that molecular transport through 
membranes of biological cells can be imaged for a single cell with time-
resolution. The time-resolved microscopic images of single human dermal 
fibroblast cells show that while the rate of adsorption of the hydrophobic ion 
Malachite Green onto the membrane of these cells is identical, the transport 
rate on the other hand varies from cell to cell and even displays dramatic 
variation with the region within a single cell. 

COLL 406 

Ytterbium ions strongly inhibit lipid flip-flop 

Victoria Cheng, Dong Wang, John C. Conboy, conboy@chem.utah.edu. Univ 
of Utah, Salt Lake City, Utah, United States 

There still exists a great deal of controversy in the literature as to the rate of 
lipid flip-flop in phospholipid bilayers. Numerous methods have been 
employed to measure the rate of lipid flip-flop from fluorescence and spin-



labeled lipid probes, proteins and contrast agents. In particular, lanthanide 
ions have been used as NMR contrast agents to track lipid flip-flip in vesicles. 
Recently, a combined computational and experimental study (Gonzalez M.A., 
et al., Phys Chem Chem Phys. 2017, 19(13), 9199-92091) demonstrated that 
ytterbium can strongly interact with the headgroup of neutral phosphocholine 
lipids. This strong interaction has the potential to significantly alter the native 
rate of lipid flip-flop in the membrane. In the current study we discuss the use 
of sum-frequency vibrational spectroscopy (SFVS) to measure the impact of 
ytterbium on the rate of lipid flip-flop in planar supported bilayers composed of 
dipalmitoylphosphatidylcholine (DPPC). Our SFVS results show that the 
presence of ytterbium significantly decreases the rate of flip-flop, which is 
reflected in an increase in the transition state thermodynamics. For instance, 
at 310K the transition state barrier for DPPC flip-flop is 95 ± 1 kJ/mol and 
increases by 9 kJ/mol in the presence of Yb3+. This increase is due to an 
increase in both the enthalpy and entropies of the transition state. The 
increased barrier and subsequent decrease in the rate of DPPC flip-flop is 
attributed primarily to the electrostatic interaction of Yb3+ with the PC 
headgroup. 

COLL 407 

Towards self-assembled single-molecule electronic devices 

Kasper Moth-Poulsen, kasper.moth-poulsen@chalmers.se. Chemistry, 
Polymer, Chalmers University of Technology, Gothenburg, Sweden 

Recent years have seen progress in several areas regarding single molecule 
electronic devices. A number of interesting structure–property relationships 
have been observed, including vibronic effects, spin transitions, and molecular 
electronic interference known as quantum interference. Together, these 
observations highlight what the rich opportunities in molecular design might 
bring in terms of advanced device properties. Pertinent challenges in the field 
of are related to development of high yield preparative procedures for 
fabrication of single molecule devices in a parallel and reproducible way. With 
this presentation we highlight our recent progress considering self-assembled 
formation of metal nanogaps incorporating single molecules for single 
molecule electronics applications. We discuss methods for the formation of 
the nanogaps as well as methods attempting to achieve single molecule 
functionality in each individual device. Examples include fabrication of single 
molecule devices by in-situ growth of gold nanorods, formation of nanogaps 
via deterministic self-assembly of gold nanorods, single molecule transport 
studies under influence of force pulling, a method for self-assembly of 



nanoparticle heterodimers, allowing for monitoring thermodynamics of 
hydrogen absorption on single particles designed molecules featuring 
quantum interference effects, as well as new approaches to control materials 
specific positioning of nanoparticles at surfaces 

 
 
Figure 1. left) self-assembled single molecule device via in sity growth of gold 
nanorods, middle) nanoparticle dimers bridged by single molecules, right) self-
assembled nanoparticle heterodimer constituted of a truncated nanocube of palladium 
and a spherical gold nanoparticle. 
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Tuning the polarity of charge carriers using electron deficient 
thiophenes 

Jonathan Low2, jl4175@columbia.edu, Brian Capozzi5, Jing Cui5, Sujun 
Wei4, Latha Venkataraman1, Luis M. Campos3. (1) APAM, Columbia 
University, New York, New York, United States (2) Chemistry, Columbia 
University, New York, New York, United States (3) Chemistry, MC3124, 
Columbia University, New York, New York, United States (4) Chemistry 
Department, Queensborough Community College, Bayside, New York, United 
States (5) Applied Physics and Mathematics, Columbia University, New York, 
New York, United States 

Thiophene-1,1-dioxide (TDO) oligomers have fascinating electronic 
properties. We previously used thermopower measurements to show that a 
change in charge carrier from hole to electron occurs with increasing length of 
TDO oligomers when single-molecule junctions are formed between gold 
electrodes. In this talk, we show for the first time that the dominant conducting 
orbitals for thiophene/TDO oligomers of fixed length can be tuned by altering 
the strength of the electron acceptors incorporated into the backbone. We use 
the scanning tunneling microscope break-junction (STM-BJ) technique and 
apply a recently developed method to determine the dominant transport 
channel in single-molecule junctions formed with these systems. Through 



these measurements, we find that increasing the electron affinity of thiophene 
derivatives, within a family of pentamers, changes the polarity of the charge 
carriers systematically from holes to electrons, with some systems even 
showing mid-gap transport characteristics. 

 

COLL 409 

All-carbon molecular electronics for the real world 

Richard L. McCreery2, richard.mccreery@ualberta.ca, Adam Bergren1, Amin 
M. Najarian2, Mustafa Supur2, Scott R. Smith2, Ushula Tefashe2. (1) National 
Research Council Canada, Edmonton, Alberta, Canada (2) Univ of Alberta 
Dept of Chem, Edmonton, Alberta, Canada 

Molecules may be considered electronic systems, with electrons rapidly 
moving through molecular orbitals and also long distances in biological 
metabolism and photosynthesis. The prospect of incorporating molecules into 
microelectronic circuits based on silicon and metallic conductors has great 
potential for enhancing consumer electronics, providing solar energy 
conversion, and permitting new functions not possible with silicon. “All-carbon” 
molecular junctions consist of organic molecules covalently bonded to 
conducting carbon contacts, which are thermally stable and compatible with 
practical applications. Strong electronic coupling between aromatic molecules 
and carbon contacts via conjugated bonds results in transport dominated by 



molecular structure of the interior of the device rather than that of the 
contacts. Conductance of the molecular junction is strongly dependent on the 
presence of dihedral angles and interruption of conjugation within the 
molecular layer, opening the possibility of “rational design” of electronic 
behavior. An application in a consumer device for electronic music will be 
described, as will potentially broader applications in photonics, memory, and 
on-chip energy storage. 

 

 

COLL 410 

Organometallic self-assembled monolayer films of linear azulenic and 
biazulenic p-linkers featuring asymmetric anchoring 

Monisola K. Okeowo, mokeowo@ku.edu, Cindy L. Berrie, Mikhail V. 
Barybin. Chemistry, The University of Kansas, Lawrence, Kansas, United 
States 

Derivatives of azulene, a non-alternant bicyclic aromatic hydrocarbon, are 
attractive building blocks in the design of functional materials relevant to 
applications in molecular electronics. This presentation will focus on the 
surface chemistry of linear azulenic and 6,6’-biazulenic linkers equipped with 
either isocyano (-N≡C) junction group at both ends or with an isocyano 
junction group at one end and a mercapto (-SH) junction group at the other 
end. In each case, one of the isocyano termini is complexed to the zero-valent 
chromium center of the Cr(CO)5 motif, while the other junction (either isocyano 
or the mercapto termini) serves to form the thiolate-gold junction upon self-
assembly of the resulting organochromium scaffold on the Au (111) surface. 
Characterization of the above azulenic and biazulenic monolayer films using 
Reflection-Absorption Infrared (RAIR) spectroscopy, optical ellipsometry, and 
Atomic Force Microscopy (AFM) will be discussed in detail. In particular, the 
C4v-symmetric [(–CN)Cr(CO)5] moiety provided unambiguous n(C≡N)/n(C≡O) 



infrared signatures indicating an upright molecular orientation and three-fold 
“hollow-linear” coordination mode of the 2-isocyano-6-mercaptoazulenic and 
2-isocyano-2’-mercapto-6,6’-biazulenic platforms self-assembled on metallic 
gold. 

COLL 411 

Large-area molecular electronic devices employing graphene materials 
as soft top-contacts 

Kasper Nørgaard, kn@chem.ku.dk. Nano-Science Center & Department of 
Chemistry, University of Copenhagen, Copenhagen, Denmark 

A central challenge in the field of molecular electronics concerns the formation 
of reliable and reproducible contact between molecule and electrode. At the 
single molecule level, we have recently explored the use of parallel self-
assembly strategies towards the formation of multiple single-molecule 
devices, wherein the molecule-electrode interface is controlled with atomic 
precision. The use of self-assembled monolayers (SAMs) offer a 
complementary approach for fabricating molecular electronic devices more 
amenable to integration and mass production. 
The talk will present our recent progress in the fabrication and measurements 
of large-area molecular electronic devices employing graphene materials as a 
soft top-contact. The graphene material serves a dual purpose in that it 
protects the underlying monolayer from filamentary damage when evaporating 
a metal top electrode, while itself functioning as a transparent, conducting 
electrode. The resulting solid-state devices are permanent and robust, and 
can accommodate a diverse range of functional molecular layers, including 
e.g. photo- and redox-switches. Recent improvements in the fabrication and 
processing of our graphene materials has furthermore enabled reliable 
measurements of our devices at cryogenic temperatures. Finally, we have 
studied a selection of anchoring groups for the attachment of molecular 
components to the device electrodes, including a triangulenium-based motif, 
which permits a modulation of the molecular density of the SAMs. 

COLL 412 

Carbon electrode-molecule junctions: A reliable platform for molecular 
electronics 

Xuefeng Guo, guoxf@pku.edu.cn. Peking University, Beijing, China 



This talk will exemplify our on-going interest and great effort in developing 
efficient lithographic methodologies capable of creating molecular electronic 
devices through the combination of top-down micro/nanofabrication with 
bottom-up molecular assembly. These devices use nanogapped carbon 
nanomaterials (such as single-walled carbon nanotubes (SWCNTs) and 
graphene) as point contacts formed by electron beam lithography and precise 
oxygen plasma etching. Through robust amide linkages, functional molecular 
bridges terminated with diamine moieties are covalently wired into the 
carboxylic acid-functionalized nanogaps to form stable carbon electrode-
molecule junctions with desired functionalities. We have used these 
approaches to reveal the dependence of the charge transport of individual 
metallo-DNA duplexes on p-stacking integrity, and fabricate molecular devices 
capable of realizing label-free, real-time electrical detection of biological 
interactions at the single-event level, or switching their molecular conductance 
upon exposure to external stimuli, such as ion, pH and light. 

COLL 413 

Structural design of single-molecule junctions with electromechanical 
switching properties 

Andrea Vezzoli3, andrea.vezzoli@liverpool.ac.uk, Kun Wang1, Ali Khalid 
Ismael2, Iain Grace2, Colin J. Lambert2, Bingqian Xu1, Simon J. Higgins3, 
Richard Nichols3. (1) Coll of Engr Chemistry, University of Georgia, Athens, 
Georgia, United States (2) Physics, Lancaster University, Lancaster, United 
Kingdom (3) Department of Chemistry, University of Liverpool, Liverpool, 
United Kingdom 

The design of metal / single-molecule / metal junctions that can be switched 
between two different conductive states using an external stimulus is one of 
the focus of molecular electronics. Modulation of junction size is an example 
of such stimuli, and it has been demonstrated to have a strong effect on 4,4’-
bipyridyl (1), resulting in junctions that can be cycled between two distinct 
conductance states as a function of the electrode separation. Recent 
advancement in pyridyl chemistry allowed the preparation of a series of 
bridged 4,4’-bipyridyls (2), and their conductance behavior under junction size 
modulation was investigated. We found that the electromechanical properties 
are controlled by the nature of the substituents R, with bulky substituents 
inhibiting switching, and π-conjugated side groups reinstating it. Furthermore, 
the nature of the bridge X tunes the switching magnitude, allowing fine 
tailoring of the junction properties. DFT calculations demonstrated that 
substituents reduce electronic coupling to the metallic leads in the 



compressed junction, thus effectively shutting off the switching mechanism. 
Conjugated entities, on the other hand, interact with the leads and broaden 
the transport resonances as the junction size is reduced, with a resulting 
conductance increase. Having established these ground rules, we turned our 
attention to the synthesis and the study of switching properties in a series of 
oligoaryl compounds (3 and 4), terminated with methyl sulfide contacts, for a 
better understanding of the structural features necessary to tune and control 
the switching properties. We found that 2-(methylthio)thiophene behaves as 
good switching contact, through additional interactions with the thiophene S 
lone pair not involved in the aromatic π-system, and this behavior can be 
tailored through choice of appropriate substituents and molecular backbones. 
The above insights expand the range of electromechanical switches that can 
be designed, and provides information on processes occurring at the 
electrode-molecule interface. 

 
 
Structure of the compounds discussed (left) and a conductance – time density map 
(right) for thiomethyl- capped α-terthienyl (4 with π = 2,5-thienyl) under mechanical 
modulation (applied piezo trace superimposed). 
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Toward nanoscale rotoelectronics: A trigonal array of dipolar molecular 
rotors 

Thomas F. Magnera2, Jiri Kaleta2,1, Paul I. Dron2, Jin Wen1, Chenhui Zhu3, 
Charles T. Rogers4, Josef Michl2,1, michl@eefus.colorado.edu. (1) Institute of 
Organic Chemistry and Biochemistry, Academy of Sciences of the Czech 
Republic, Praha 6, Czechia (2) Department of Chemistry and Biochemistry, 
University of Colorado, Boulder, Colorado, United States (3) Advanced Light 



Source, Lawrence Berkeley National Laboratory, Berkeley, California, United 
States (4) Department of Physics, University of Colorado, Boulder, Colorado, 
United States 

The size-limiting components in electronics are often not digital in nature; they 
are batteries and ferroelectrics, used in filters, delay lines, etc. Regular two-
dimensional arrays of dipolar molecular rotors promise to exhibit collective 
behavior and would be of interest for the miniaturization of ferroelectrics and 
analog electronics in general. We describe the preparation and properties of a 
triptycene-based triangular array of dipolar molecular rotors obtained as a 
double-decker Langmuir monolayer assembled on an aqueous sublayer. The 
array has been structurally characterized by grazing-incidence X-ray 
diffraction. 

COLL 415 

Bismuth oxide thin films 

Sandra E. Rodil1, srodil@unam.mx, Celia L. Gomez2, Osmary Depablos-
Rivera3, Juan C. Medina3. (1) Instituto de Investigaciones en Materiales, 
Universidad Nacional Autonoma de Mexico, Ciudad De Mexico, Coyoacan, 
Mexico (2) Unidad Queretaro, CINVESTAV, Queretaro, Queretaro, Mexico (3) 
Centro de Ciencias Aplicadas y Desarrollo Tecnológico, Universidad Nacional 
Autonoma de Mexico, Ciudad De Mexico, Coyoacan, Mexico 

Bismuth oxide Bi2O3 has interesting technological applications, which have not 
been largely explored due to the particular polymorphism of the material. 
Among the interesting properties, it is worth mentioning a large energy gap 
(from 2 to 3.96 eV depending on the phase), high refractive index, dielectric 
permittivity, noticeable photoconductivity and photoluminescence. Moreover, 
one of its phases presents the highest ionic conductivity. Bismuth Oxide has 
five polymorphic forms: α, β, γ, δ and ω-Bi2O3. Among them, the low-
temperature α and the high-temperature δ phases are stable and the others 
are metastable. The face-centered cubic δ-Bi2O3 is stable over a narrow range 
729–825oC (melting point) and it is the high ionic conductivity phase. 
Remarkably, it has been proved that the deposition of nanocrystalline thin 
films allows the stabilization of the high temperature phase (δ) at room 
temperature. Bismuth oxide thin films were deposited by reactive magnetron 
sputtering from a Bi2O3 target (99.95 at%) using radio frequency and an 
Ar/O2atmosphere (80/20). The films were deposited on silicon and glass 
substrates as a function of the power (PW: 100-200 W) and the substrate 
temperature (Ts: 125-250oC). The films were characterized in terms of the 



structural identification by X-ray diffraction (XRD) and Raman spectroscopy, 
the elemental composition by X-ray photoelectron spectroscopy, the optical 
properties were determined by spectroscopy ellipsometry and the electrical 
resistivity by analyzing the current-voltage curves. 
In this presentation, the evaluations of the Bismuth oxide thin films for two 
possible energetic and environmental applications are presented. Firstly, we 
explore the photocatalytic response of the films presenting different phases by 
studying the degradation of color dyes under different conditions of 
illumination, agitation and pH.  
There is also the possibility to use the films obtained in the d-phase as the 
electrolyte layer for micro solid oxide fuel cells, aiming to the production of 
energy sources for portable devices.To determine the ionic conductivity of the 
films, alternate current (AC) conductivity measurements were performed as a 
function of the temperature on dopant-stabilized δ-phase films. The dopants 
allowed the stabilization of the cubic phase up to 600 °C and AC-
conductivities larger than those reported for other ionic conductors were 
obtained. 

COLL 416 

Self-assembly of quantum dot gold hetero-structural nanocrystals and 
their transformations under high pressure 

Ou Chen2, ou_chen@brown.edu, Hua Zhu2, hua_zhu@brown.edu, Yasutaka 
Nagaoka2, yasutaka_nagaoka@brown.edu, Zhongwu Wang1. (1) Cornell 
University, Ithaca, New York, United States (2) Chemistry, Brown University, 
Providence, Rhode Island, United States 

Hetero-structural nanocrystals (HNCs), which simultaneously contain more 
than one type of components with distinct nature, are a subclass of 
nanocrystals with unique properties. Given the dual nature of inherited from 
individual constituents and their interactions, HNCs show great promise to 
exhibit combined properties and synergistically enhanced functionalities. 
These HNCs with asymmetric surfaces offer the possibility of their superiority 
as building blocks for self-recognized and self-regulated superstructures. In 
this talk, I will use the quantum dot (QD)-Au HNCs as a model system to 
discuss the HNC superstructure formation process based on both the 
experimental observation and molecular dynamic computer simulation. I will 
also talk about the HNC structural and morphological transformations from 
atomic, nano to meso length scales using external pressure induced 
deviatoric stress as a novel means. 



COLL 417 

Role of planar defects during the synthesis of stellated plasmonic 
nanocrystals 

Joshua D. Smith, jds34@indiana.edu, Kallum M. Koczkur, Joseph A. 
Burkhart, Sara E. Skrabalak. Chemistry, Indiana University, Bloomington, 
Indiana, United States 

Plasmonic nanocrystals (PNCs) have received much attention due their 
variety of applications, including in medicine, energy, chemical sensing, 
optics, and security. The diversity of these applications arises from the 
sensitivity of the localized surface plasmon resonance (LSPR) to the PNC’s 
size, shape, composition, and environment. There are many PNCs available 
for use, but one of the most promising types are branched PNCs, where 
electric field enhancement at their tips is possible. In this study, seed-
mediated co-reduction was employed to illuminate the influence of planar 
defects during branch growth processes. Au nanocrystals (decahedra, 
icosahedra, pentatwinned rods, and triangular nanoprisms) rich with twin 
planes and stacking faults were selected as seeds to understand the 
correlation between branch growth and planar defects. Interestingly, the 
observations of PNC stellation, which is a specific extension of the edges and 
face to form a new “vertex”, indicates that planar defects redirect the growth of 
branches from the high-energy vertices to the more labile faces. This result 
can be attributed to the distribution of surface strain in the initial Au seeds. 
Finite-difference time-domain (FDTD) simulations were used to investigate the 
near and far electric field behaviors of the stellated PNCs. The findings of this 
work provide new rules for branch growth from Au seeds with planar defects, 
and these rules can be applied as general guidelines for other planar defect 
rich systems. 

COLL 418 

Reconfigurable plasmonic nanoparticle assemblies 

David S. Ginger, ginger@chem.washington.edu. Dept of Chemistry, 
University of Washington, Seattle, Washington, United States 

Their exquisite sensitivity to the local environment combined with their 
dramatic alteration of the local photonic mode density makes plasmon-
resonant nanoparticles ideal candidates for use in stimulus-responsive 
materials with potential applications ranging from biosensing to smart optics. 



In this talk, we explore the synthesis and characterization of reconfigurable 
plasmonic metachromophores that change their structural organization, and 
hence their collective optical properties, in response to external stimuli such 
as light. We explore a variety of approaches to reversibly modulate 
interparticle plasmonic couplings in response to external triggers, ranging from 
discrete dimers functionalized with photoswitch-modified DNA, to 
temperature-, and photo-responsive assemblies of both spherical and 
anisotropic metal nanoparticles which allow one to tailor the optical response 
of the structures across both the visible, and near-IR. We discuss how both 
loading density and the size of the nanoprisms are factors that can be used to 
tailor the optical response of the composites, extending the range of colors 
beyond that which has been reported with PNIPAM/plasmonic particle 
nanocomposites previously. In addition, we show that these composites can 
exhibit very large ratiometric changes in scattering in the NIR, which could 
open applications for related materials in thermal management, and NIR 
labeling and taggants. 

COLL 419 

In situ observation of nucleation and growth of nanocrystals 

Horst Weller1,2, horst.weller@chemie.uni-hamburg.de. (1) University of 
Hamburg, Hamburg, Germany (2) Fraunhofer CAN, Hamburg, Germany 

We will present in situ studies of the nucleation and growth of nanocrystals by 
optical spectroscopy, x-ray synchroton investigations and mass spectrometry. 
Magic sized clusters were observed during the growth of cadmium selenide 
quantum dots. We will show time and temperature dependent data on the 
growth mechanisms and discus the special role of magic sized clusters during 
size focusing and Ostwald ripening conditions. Small molecular clusters were 
identified serving as precursors in the oleic acid synthesis of iron oxide 
nanocrystals. We will present detailed studies on cluster catalyzed redox 
reactions occurring already far below the nucleation temperature.  

COLL 420 

Postsynthetic surface treatments for essentially trap-free 
CsPbBr3 colloidal nanocrystals 

Brent A. Koscher1, koscher@berkeley.edu, Joseph K. Swabeck1, Noah 
Bronstein1, Paul Alivisatos2. (1) Chemistry, University of California Berkeley, 



Berkeley, California, United States (2) University of California, Berkeley, 
Berkeley, California, United States 

The facile synthesis and excellent optoelectronic properties of all-inorganic 
perovskite quantum dots has attracted considerable attention among 
academic researchers; however, accessing the highest quality materials is 
crucial to fundamentally understanding the performance limits of that material. 
While the facile low temperature synthesis of these materials affords easy 
access to the material, it also opens the door for a number of very real 
problems, most notably the presence of defects. While it is generally accepted 
that the perovskites have a somewhat unusual defect tolerance, they are not 
defect impervious, particularly when considering surface states. We 
investigated the role that shallow surface states play in the optical properties 
of CsPbBr3 nanocrystals, resulting in sub-unity quantum yields and multi-
exponential excited state lifetimes. While a material that performs with up to 
90% quantum yield following the synthesis is encouraging, it begs the 
question: what prevents that value from being truly unity? Through a series of 
salt-based surface treatments, we demonstrate most notably a thiocyanate-
based treatment that is capable of boosting the photoluminescence quantum 
yield to within measurement error of unity while transforming the excited state 
lifetime to something described by single exponential kinetics, an unusual 
property that is not seen in many other near-unity quantum yield materials. In 
our work, we demonstrate that postsynthetic salt treatments are able to very 
effectively alter the lead-rich surface typical in CsPbBr3 perovskite quantum 
dots, affording access to the highest performing materials. Being able to 
access the highest quality materials removes some of the uncertainty that 
arises from non-ideal materials. This access will be crucial to determining and 
understanding the truly unique aspects of perovskite quantum dots, and how 
to best utilize them moving forward. 
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Modeling of nanoparticle superlattices self-assembly at liquid-air 
interfaces 

Lela Vukovic, lvukovic@utep.edu. Chemistry, University of Texas at El Paso, 
El Paso, Texas, United States 

A variety of binary nanoparticle (NP) superlattices were prepared at the liquid-
air interface in recent experiments. To disclose the mechanisms that govern 
self-assembly of NPs at solvent-air interfaces, we performed precise atomistic 
molecular dynamics (MD) simulations of different systems. These simulations 
revealed that NP self-assembly into different superlattices is a result of 
several effects. First, the coupling energies of NPs to solvent are found to be 
significant in comparison to NP-NP coupling energies. Second, NP ligand-
solvent interactions govern submergence of NPs into solvents. As a result, the 
solvent can organize the bottom layer of NPs that faces the solvent in a 
different way than in the bulk solution, leading to self-assembly of previously 
unknown superlattices. 
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Facile fabrication of spiky gold-carbon black nanoshells for efficient 
surface-enhanced Raman scattering 

Akram Abbasi3, akram_abbasi@uri.edu, Timo Küster2, Arijit Bose1, Geoffrey 
D. Bothun2. (1) University of Rhode Island, Kingston, Rhode Island, United 



States (2) Chemical Engineering, University of Rhode Island, Narragansett, 
Rhode Island, United States (3) university of Rhode island, Wakefield, Rhode 
Island, United States 

A cationic polyelectrolyte templating technique has been developed to create 
gold nanoshell structures on inexpensive nanoparticle supports. Fractal 
carboxyl-terminated carbon black particles coated with poly-L-lysine (PLL) 
were suspended in a tetrachloroauric acid (HAuCl4) solution. PLL enriched the 
interface with AuCl4- anions and ascorbic acid was added as the reducing 
agent, forming thin gold shells (Au) on the carbon black (CB) particles. The 
absorbance spectrum of the Au-CB nanoshells can be tuned by controlling the 
HAuCl4 concentration. The Au-CB nanoshells were deposited on a silicon 
substrate and used for the detection of 4-nitrobenzenethiol using Surface 
Enhanced Raman Spectroscopy (SERS). The cusps on the fractal particles 
coupled with the spiky edges of the gold nanoshells significantly enhance 
SERS signals. Our results suggest that Au-CB nanoshells are new, highly 
sensitive SERS substrates. 
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Friction regimes of water-lubricated diamond (111): Role of interfacial 
ether groups and tribo-induced aromatic surface reconstructions 

Michael Moseler, mos@iwm.fhg.de. Fraunhofer IWM, Freiburg, Germany 

Large-scale quantum molecular dynamics of water-lubricated diamond (111) 
surfaces in sliding contact reveals multiple friction regimes. While water 
starvation causes amorphization of the tribological interface, small traces of 
H2O are sufficient to preserve crystallinity. This can result in high friction due 
to cold welding via ether groups or in ultralow friction due to aromatic surface 
passivation triggered by tribo-induced Pandey reconstruction. At higher water 
coverage, Grotthuss-type diffusion and H2O dissociation yield dense H/OH 
surface passivation leading to another ultralow friction regime. Under lean 
water lubrication multiple collisions of asperities may lead to the formation of 
disorder graphene layers suggesting that super-low friction in carbon hard 
coatings are related to graphenisation of the top surface layer. 

 



 
 
FIG. 1. (a) Frictional shear stress σ and friction coefficient μ as a function of the 
number of water molecules nH2O and ρH2O = nH2O/lx/ly for two initially nonreconstructed 
diamond (111) surfaces with lx and ly being the lateral periodic box size in and 
perpendicular to sliding direction, respectively. Panels (b) to (f) show representative 
snapshots for regimes I–V at t = 0.1 ns (with nH2O =1; 3; 2; 10 and 25, respectively). 
Gray, red, and cyan spheres represent carbon, oxygen, and hydrogen atoms, 
respectively. 
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Examination of bonding using molecular dynamics and in-
situ nanoindentation 

Judith A. Harrison, jah@usna.edu. Chemistry, United States Naval 
Academy, Annapolis, Maryland, United States 



Adhesion between DLC tips and diamond counterfaces was examined using a 
nanoindentor coupled to TEM and molecular dynamics (MD). Strong 
interactions between the surfaces in vacuum led to gradual nanoscale wear of 
the DLC. Force-separation curves show an approximate correlation between 
pull-off force and applied load for various contact points, while pull-in force 
was fairly constant for all contact points and independent of applied load. MD 
simulations were designed to replicate experiment as closely as possible and 
used the AIREBO and the REBO+S potentials. DLC tips with the same 
general shape (which often deviated from the assumed paraboloidal tip 
geometry due to wear) were brought into contact with diamond surfaces. MD 
results demonstrate that pull-off force is correlated with bonds formed during 
contact, providing an explanation of the trends observed in the TEM data. The 
effects of contact point and hydrogen-termination on pull-off and pull-in forces 
will also be discussed. The results of similar experiments and MD simulations 
using Si tips in contact with diamond counterfaces of adhesion and sliding 
using the ReaxFF potential will also be discussed. 
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Titania lubrication using oil-ionic liquid mixtures 

Hua Li2, Peter Cooper2, Anthony Somers3, Mark W. Rutland1, Patrick 
Howlett3, Rob Atkin2, rob.atkin@uwa.edu.au. (1) Div of Surface Corrosion 
Chemistry, Stockholm, Sweden (2) University of Western Australia, Perth, 
Western Australia, Australia (3) Deakin University, Melbourne, Victoria, 
Australia 

Titanium and its alloys have wide applications in industry due to their high 
strength-to-weight ratio and high melting point. An oxidized titania layer is 
typically present on the titanium surface which prevents the bulk titanium from 
further corroding and oxidizing. However, the titania surface on top of the bulk 
titanium is prone to high friction and wear, and currently there are no suitable 
lubricants for titanium surfaces, which restricts their widespread use in moving 
parts. Conventional mineral oil based lubricants adhere weakly to titania, so 
they are easily squeezed out during sliding, leading to wear. In this work the 
lubrication of titania surfaces using a series of ionic liquid (IL)−hexadecane 
mixtures has been probed using nanoscale atomic force microscopy (AFM) 
and macroscale ball-ondisk tribometer measurements. The IL investigated is 
trihexyl- (tetradecyl)phosphonium bis(2,4,4-trimethylpentyl)phosphinate, which 
is miscible with hexadecane in all proportions. At both length scales, the pure 
IL is a much more effective lubricant than pure hexadecane. Surface wear and 



the tribofilm as a function of load and sliding distance are probed with high 
resolution. 
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Boundary lubrication studied by resonance shear measurement 

Kazue Kurihara2, kurihara@tagen.tohoku.ac.jp, Masashi Mizukami1, Motohiro 
Kasuya1. (1) IMRAM, Tohoku University, Sendai, Japan (2) NICHe, Tohoku 
Univerisity, Sendai, Japan 

Lubricants have been used for many years in order to reduce friction between 
solid surfaces. For improving the performance of the machine such as engine 
in the fluid lubrication regime, the development of low viscosity lubricants is 
essential. It is crucial for such lubricants to sufficiently reduce the friction and 
the wear in the boundary lubrication regime, which appears during low shear 
speed and high normal load. The conventional view of the boundary 
lubrication regime is that the thickness of the lubricants between surfaces is 
similar to the roughness or less and the surfaces are partly in solid−solid 
contact on the bump. However, recent reports have demonstrated that the 
molecules of the lubricants remain between the surfaces even under a high 
normal load. Therefore, understanding the detailed mechanism of the 
boundary lubrication is necessary. 
We have developed the resonance shear measurement (RSM) based on the 
surface forces apparatus (SFA) and studied the nanorheological and 
tribological properties of the confined liquids including lubricants. Study of 
lubricants between iron (not mica) surfaces is possible using the twin-path 
SFA we also developed. This paper reports the RSM based on the twin-path 
SFA for characterizing the nanorheological and tribological properties of 
lubricants between the iron surfaces, and its application for studying 
hexadecane and poly(α-olefin) (PAO). 
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Mechanochemistry enables a rational, targeted synthesis of mixed-metal 
microporous metal-organic frameworks 

Ghada Ayoub1, ghada.ayoub.90@gmail.com, Krunoslav Uzarevic5, Ashlee 
Howarth3, Luzia S. Germann6, Robert E. Dinnebier6, Omar Farha4, Tomislav 
Friscic2. (1) Department of Chemistry, McGill University, Montreal, Quebec, 
Canada (2) McGill University, Montreal, Quebec, Canada (3) Department of 
Chemistry, Northwestern University, Evanston, Illinois, United States (5) 



Department of Chemistry, Institute Ruder Bošković, Zagreb, Croatia (6) Max 
Planck Institute for Solid-State Research , Stuttgart, Germany 

Mechanochemistry by ball milling has emerged as a highly versatile 
alternative to conventional synthetic approaches, enabling the synthesis of 
otherwise not accessible molecules and materials. This presentation will focus 
on the use of mechanochemistry for the synthesis of microporous metal-
organic frameworks (MOFs) belonging to the class of MOF-74 materials, with 
applications in diverse fields such as molecular sensing, gas storage, 
separation, and catalysis. 
Introducing heterogeneity into the MOF-74 scaffold is currently emerging as 
an attractive strategy to expand their applications in catalysis and magnetism. 
However, conventional solution-based approaches to mixed-metal MOF-74 
synthesis are challenged when it comes to synthesizing materials with precise 
stoichiometric composition. We now present a novel, all solid-state synthetic 
methodology for targeted, efficient and clean synthesis of mixed-metal MOF-
74 frameworks with 1:1 ratio of different divalent metal nodes. Our approach is 
mechanochemical, and has been developed from detailed in situ X-ray 
diffraction studies of mechanochemical assembly of zinc-based analogue, Zn-
MOF-74. The strategy is based on utilizing a specifically-prepared 
coordination polymer as a primary metal precursor that further assembles with 
a secondary metal source into the three-dimensional MOF-74 structure. This 
is, to the best of our knowledge, the first general mechanochemical 
methodology for the targeted synthesis of mixed-metal MOFs. Based on a 
combination of proton-transfer, and coordination-driven self-assembly during 
milling, it permits the combination of diverse metal nodes, including: Zn, 
CoII CuII, Mg and even Ca. 
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Atomic-scale insights into contacts between nanoscale bodies: In 
situ experiments and matched atomistic simulations 



Tevis D. Jacobs1, tjacobs@pitt.edu, Sai Bharadwaj Vishnubhotla1, Subarna 
R. Khanal1, Rimei Chen2, Xiaoli Hu2, Ashlie Martini2. (1) Mechanical 
Engineering and Materials Science, University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States (2) School of Engineering, University of 
California, Merced, Merced, California, United States 

In probe-based microscopy, nanomanufacturing, and small-scale devices, the 
performance and reliability often depend on contacts between nanoscale 
bodies. Properties such as adhesion force, deformation of the near-surface 
material, and thermal or electrical transport across the contact can be load-
dependent and difficult to predict and control. Traditional models of contact 
based on continuum mechanics rely on assumptions that are violated at the 
nanometer length scale. 
 
Here we used experiments and simulations to quantitatively investigate 
nanoscale asperities during formation, loading, and separation of contact. 
Experimentally, electromechanical loading tests were performed inside of a 
transmission electron microscope. This enables the combination of high-
resolution load and current measurements with characterization of the shape 
and structure of the materials. Additionally, molecular dynamics simulations 
were performed on identical nanocontacts that are precisely matched in terms 
of materials, geometry, and loading conditions. The results demonstrate that 
the properties of nanocontacts cannot be fully described by traditional 
mechanics models, but instead require accounting for atomic-scale 
interactions. 

 

 
A platinum nanoscale tip is analyzed using the transmission electron microscope (a) 
and then replicated using atomistic simulations (b). Matched contact tests are then 
performed with real-time properties measurements (c). 
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Tribochemical reactions in nanoscale lubrication and wear 

Robert Carpick, carpick@seas.upenn.edu. University of Pennsylvania, 
Philadelphia, Pennsylvania, United States 

We present experimental studies of tribochemical processes occurring in 
nanoscale single asperity contacts. First, results probing the origins of 
nanoscale wear using a novel combined TEM-AFM instrument will be 
presented. We previously reported that wear of silicon sliding on diamond 
follows a kinetic model where energy barriers for chemical bonding are 
strongly affected by stress. We present results probing the sliding speed 
dependence of these effects, and demonstrate the strong effect that 
tribochemical reactions can have on adhesion. Next, recent results will be 
presented using AFM to develop new insights into practical lubrication 
mechanisms. We study zinc dialkyldithiophosphates (ZDDPs), which are 
highly effective anti-wear additive molecules used nearly universally in engine 
oils. We previously reported a novel AFM-based approach for visualizing and 
quantifying the tribochemical formation of ZDDP anti-wear films in situ at the 
nanoscale on iron substrates. Using this method, we observed that film growth 
depends exponentially on temperature and stress as predicted by simple 
tribochemical model, which explains the graded-structure of the films and their 
self-limiting behavior. We will present new results showing how tribofilm 
growth occurs independently of the substrate, provided the substrate has 
sufficient mechanical hardness. In the case of aluminum, insufficient hardness 
leads to plastic deformation of the substrate; the resultant strain-hardened 
material eventually develops sufficient hardness to support tribofilm growth. 
These findings provide new insights into the mechanisms of formation of 
ZDDP derived anti-wear films and the control of lubrication in automotive 
applications. 
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Mechanochemistry in high shear stress elastohydrodynamic contacts 

Jie Zhang, Hugh A. Spikes, h.spikes@imperial.ac.uk. Mechanical 
Engineering, Imperial College London, London, United Kingdom 

It has recently been shown that the antiwear additive ZDDP can form 
tribofilms on surfaces at high shear stress in full film EHD conditions when 
there is no asperity-asperity contact. This confirms that the reaction of this 



additive is driven by a mechanochemical process in which the rate of reaction 
is exponentially dependent on both temperature and shear stress. A limitation 
of this previous work is that it was confined to tungsten carbide contacts in 
order to reach the high shear pressures and thus stresses required to 
stimulate ZDDP reaction at realistic temperatures. 
This presentation presents new work using a newly-designed minitraction 
machine that is able to reach much higher pressures than previously possible. 
The influence of ZDDP structure on tribofilm formation on steel/steel EHD 
contacts is studied and the separate effects of shear stress and pressure on 
film formation are quantified. The extent to which tribofilm formation in 
lubricated contacts by other additives is controlled by mechanochemistry is 
explored 
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New chalcogenide aerogel compositions from covalent crosslinking + 
ion-exchange 

Indika Hewavitharana, Stephanie Brock, 
sbrock@chem.wayne.edu. Chemistry, Wayne State University, Detroit, 
Michigan, United States 

The insulating organic ligands used in colloidal synthetic routes preclude 
efficient electrical transport in assemblies, limiting potential application in solid 
state devices. Oxidative assembly routes have the benefit of eliminating 
intervening ligands, but the resulting architectures are subject to dispersion by 
chemical reductants. An alternative approach is to replace the organic ligands 
with chalcogenides, and then cross-link the chalcogenides with metal ions. 
However, the reactivity of the ligands (chalcogenides) and crosslinking ions 
can lead to ion-exchange, producing new compositions of nanoparticles or 
aerogels. In this presentation, the shape-dependent reactivity of PbTe 
nanocrystals to sulfide ligands will be presented, along with metal-ion 
crosslinking strategies. Access of new chalcogenide aerogel compositions by 
ion-exchange of cross-linked aerogels will also be described and discussed in 
the context of developing a chemical tool-box for rational targeting of desired 
compositions with robust interfaces. 

COLL 432 

Cascade synthesis of binary nanoparticles polymer composites 



Kevin W. Kwock, Harsha D. Magurudeniya, Amita J. Singh, Jennifer A. 
Hollingsworth, Millicent A. Firestone, firestone@lanl.gov. Los Alamos 
National Laboratory, Los Alamos, New Mexico, United States 

Incorporation of nanomaterials into structured polymer matrices has attracted 
interest, offering the possibility to create multi-functional hybrid materials by 
combining the attributes of polymers with the optoelectronic properties of 
nanoparticles (NPs). In prior work we have shown that mixtures of water 
and N-alkylimidazolium ionic liquids (ILs) form self-assembled, liquid 
crystalline mesophases that can also serve as soft templates for the 
nucleation and growth of hydrophilic Au NPs. Modification of the IL cation to 
yield a monomer (e.g., inclusion of vinyl or acryloyl moieties) allows for the 
photo-polymerization and capture of the liquid crystalline mesophases into 
durable, self-supporting network polymers adopting a variety of structural 
motifs. The in-situ synthesis of Au NPs concomitant with UV-initiated 
polymerization of the self-assembled IL monomers leads to the formation of 
Au NP network polymer composites with, for example, Au NPs spatially 
collimated in the water channels of a hexagonal perforated lamellar structured 
matrix. In this presentation we report on our recent efforts that builds upon this 
prior work exploring a synthetic strategy that simultaneously directs the spatial 
organization of emissive giant quantum dots (gQDs) with in-situ generation of 
Au NPs and polymerization of the self-assembled vinyl IL mesophase. In brief, 
pre-synthesized CdSe/CdS gQDs are conjugated to an IL monomer via ligand 
exchange. The resultant QD-IL monomer is then co-assembled with the 
[C10Vim+][Cl-] monomer alone to form a 2D hexagonal structured lyotropic 
mesophase. Addition of of the [AuCl4]- to the mesophases and a mixture of a 
co-macromer, PEGDA, and base, triethanolamine (TEOA) initiate the 
reduction of the Au 3+ to Au 0 and the polymerization of the monomers 
producing a nanostructured composite with the Au NPs confined within the 
aqueous regions and the gQDs spatially organized in the alkyl chain domains 
of the formed network polymer. This polymer composite contains organized 
plasmonic (Au) NPs in close proximity to the emissive gQDs. The optical 
properties of the binary NPs composite will be discussed. 
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Pressure-induced nanoparticle assemblies 

Hongyou Fan1,2, hyfan@unm.edu. (1) Sandia National Laboratories, 
Albuquerque, New Mexico, United States (2) University of New Mexico, 
Albuquerque, New Mexico, United States 



Precise control of structural parameters through nanoscale engineering to 
improve optical and electronic properties of functional nanomaterials 
continuously remains an outstanding challenge. Previous work on 
nanoparticle synthesis and assembly has been conducted largely through 
solution chemistry at ambient pressure and relies on specific chemical or 
physical interactions such as van der Waals interactions, dipole-dipole 
interactions, chemical reactions, ligand-receptor interactions, etc. In this 
presentation, I will introduce a new pressure-induced assembly and 
fabrication method that uses mechanical compressive force applied to 
nanoparticles to induce structural phase transition and to consolidate new 
nanomaterials with precisely controlled structures and tunable properties. By 
manipulating nanoparticle coupling through external pressure, instead of 
through solution chemistry, a reversible change in their assemblies and 
properties can be achieved and demonstrated. In addition, over a certain 
threshold, the external pressure will force these nanoparticles into contact, 
thereby allowing the formation and consolidation of one- to three-dimensional 
nanostructures. Through pressure induced nanoparticle assembly, materials 
engineering and synthesis become remarkably flexible without relying on 
traditional crystallization process where atoms/ions are locked in a specific 
crystal structure. Therefore, morphology or architecture can be readily tuned 
to produce desirable properties for practical applications. 
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Emulsification of two-dimensional nanosheets: From exfoliation to 
functional liquids and composites 

Sean Ogilvie2, s.ogilvie@sussex.ac.uk, Matthew Large3, Alice King2, Alan 
Dalton1. (1) Department of Physics, University of Surrey, Guildford, United 
Kingdom (2) University of Sussex, Brighton, United Kingdom 

Liquid phase exfoliation of two-dimensional materials is a versatile technique 
for production of dispersions of few-layer nanosheets which presents the 
possibility of solution processing for a wide range of applications. We 
demonstrate formation of water-in-oil Pickering emulsions stabilised by 
pristine few-layer nanosheets of graphene and other two-dimensional 
nanomaterials whose droplet size and functional properties are controlled by 
the loading level and degree of exfoliation [1]. We develop an understanding 
of these emulsions based on interfacial tension for a range of liquids. This 
understanding facilitates preparation of oil-in-water emulsions whose droplet 
phase can be polymerised to produce functional composite materials. This 
highlights the versatility of emulsification as a route towards templated 



assembly of two-dimensional nanosheets for applications such as high-
concentration inks, strain sensing and energy storage materials. 

 
 
Fig. 1 a: Standard oil-in-water emulsion stabilised by amphiphilic surfactant 
molecules. b: Pickering oil-in-water emulsion stabilised by solid particles. c: 
Illustration of the interfacial tension components at the three phase boundary in a 
Pickering emulsion system. d-e: Illustration of the formation process for layered 
nanomaterial-stabilised water-in-oil Pickering emulsions. A dispersion of 
nanoparticles in the matrix phase is added to the droplet phase to be emulsified; the 
mixture is subsequently homogenised. (f) Optical microscope image of the formed 
droplets in a water-in-oil emulsion stabilised with pristine graphene. 
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Silver nanowire networks for transparent film heaters: Synthesis, 
nanoscale characterization and integration in functional devices 

JP Simonato, jean-pierre.simonato@cea.fr. Liten, CEA, Grenoble, France 

New generation of transparent electrodes are expected to exhibit three main 
physical properties: high electrical conductivity, high transparency and 
mechanical flexibility. The most efficient and widely used transparent 
conducting material is currently indium tin oxide (ITO). However the indium 
scarcity associated to the lack of flexibility of ITO as well as relatively high 
cost of fabrication has prompted the search for alternative materials. Among 
emerging transparent electrodes (TE), silver nanowire (NW) networks appear 
as a promising substitute since they exhibit excellent properties with sheet 



resistance of a few Ω/sq at optical transparency of 90%, fulfilling the 
requirements for many applications. In addition, the fabrication of these 
electrodes involves low-temperature processes which renders this technology 
very promising. 
In this communication, we will first present results on the synthesis and on the 
purification process of silver nanowires. Then, after fabrication of 
homogeneous random networks, specific characterizations performed to 
understand the physical phenomena taking place at the scales of the NW-to-
NW junctions (nanoscale) up to the entire network (macroscale) will be 
presented. In-situ electrical measurements performed during optimisation 
processes provide useful information regarding the activation process of the 
nanojunctions. At the network’s scale, our ability to distinguish the nanowires 
taking part in the electrical conduction (“electrical percolation”) from the 
inactive nanowires is a critical advance for the applications. A discrete 
activation process of efficient percolating pathways through the network was 
evidenced and a precise mapping of the heating areas was performed. 
Finally, we will show efficient use of the film heaters at the macroscale to 
demonstrate the integration from the nanoscale to useful macroscopic 
devices. 
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Hydrogel with embedded chemical gradient for analyte collection on 
surface enhanced infrared absorption spectroscopy 

Shiyan Zhang2, szhang82@illinois.edu, Hao Chen2, Paul V. Braun1. (1) Univ 
of Illinois, Urbana, Illinois, United States (2) Materials Science and 
Engineering, University of Illinois Urbana Champaign, Urbana, Illinois, United 
States 

Nanoantenna-assisted surface-enhanced infrared absorption (SEIRA) is 
powerful for the detection of biochemical species with its capability to strongly 
enhance the IR signal and to analyze molecular structural information with 
high specificity. However, the detection is still limited by the local analyte 
concentration in the vicinity of the nanoantenna sensing region. Here we 
coated a polyacrylamide hydrogel with imbedded radial chemical gradient, 
which can locally concentrate analytes prior to the sensing, on the 
nanoantenna SEIRA sensor. 4-Methylumbelliferyl phosphate disodium (MUP), 
a model organophosphate, was used to demonstrate the gradient-driven 
transport in a positive charge gradient and was focused in the gradient region 
with a 15-fold of concentration enhancement. Combining the IR signal 
enhancement from both the electric field enhancement capability of the 
nanoantenna structure and the concentration enhancement capability of the 
chemical gradient, this integrated signal enhancement technique enables the 
IR to detect molecules with a smaller amount. 
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Construction of responsive metal/polymer nanocomposites for smart 
chemical self-regulation 

Lei Zhang1,2, sannial@163.com. (1) Nuclear Power Institute of China, 
Chengdu, China (2) Sichuan University, Chengdu, China 

Nowadays efficient and reliable control of highly exothermic catalytic reactions 
to effectively prevent overheating or even explosions still remains a 
challenging task. Metal particles with dimensions in nanoscale as ideal 
candidates of catalysts have shown instinctively superior properties compared 
with bulk ones owing to their high surface-to-volume ratio. Usually the single-
structured metal nanocatalysts with abundant active-sites exposed on surface 
only enable reactions monotonously occur faster or slower. However, ideally 
the catalysts are required to independently respond to the change in reaction 



environments to achieve smart self-regulation for effectively controlling the 
chemical reaction process, especially for safety considered when used for 
ultrafast high exothermic reactions with vast amount of gas and heat 
generated. Here we utilize in situ growth of silver nanoparticles embedded in 
the outer networks of the thermo-responsive polymeric nanogels to build a 
new class of metal/polymer nanocomposites. Based on the shrinking/swelling 
behaviors of the polymeric networks in the responsive nanocatalysts, the as 
prepared smart responsive nanocatalysts acting like “living” catalyst can tune 
and control the exposed active site of the embedded metal catalysts 
responding to the reaction heat, in which the overheating and explosion for 
high exothermic reactions can be self-regulatively prevented without any 
manual assistance in both batch reactors and continuous-flow of 
microchannel reactors, and thus the safety of such reactions can be 
effectively ensured. Furthermore, feedback signals in the reaction 
environment like pH, ionic and glucose, etc. can also be designed as new 
generation of efficient smart nanocatalsts by incorporating diverse functional 
polymers. 

 



Chemical self-regulation for the highly exothermic reaction of decomposition of 
H2O2 by internal temperature change 
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Comparing the rheo-optics of aqueous sulfonated cellulose nanocrystal 
and model cholesteric dispersions 

Matthew M. Noor1, noormatthew@gmail.com, Partha Saha1, Martin Pospisil2, 
Micah J. Green2, Virginia A. Davis1. (1) Department of Chemical Engineering, 
Auburn University, Auburn, Alabama, United States (2) Artie McFerrin 
Department of Chemical Engineering, Texas A&M University, College Station, 
Texas, United States 

Aqueous dispersions of sulfonated cellulose nanocrystals (CNC) were 
investigated using cross-polarized optical microscopy both prior to shear and 
during post-shear relaxation. Sulfonated CNC produced via the sulfuric acid 
hydrolysis of biomass are an intriguing nanomaterial for several reasons: high 
specific strength, greater than 100 GPa Young’s modulus, renewability, 
increasing commercial availability, and easy processability. Aqueous 
dispersions of these CNC readily form cholesteric (chiral nematic) liquid 
crystals (LCs); retention of this microstructure in solidified films enables them 
to have photonic properties. In contrast, sheared dispersions can be cast to 
form films with nematic-like microstructures that enables mechanical 
anisotropy. Similar behavior exists for model cholesterogenic mesogens such 
as hydroxypropyl cellulose (HPC). Understanding relative balance of chiral 
and shear forces on CNC dispersion microstructure is key to achieving the 
desired microstructure in films produced from these dispersions. This 
research compares the quiescent microstructures and relaxation dynamics of 
HPC and CNC dispersions using a Linkam shear cell and cross-polarized 
optical microscopy. A range of gap heights were used to evaluate the effects 
of confinement on the formation of the cholesteric helix after shear cessation. 
In addition to qualitative comparisons, changes in the degree of alignment 
relative to flow direction were quantified optical contrast measurements. 
Differences in the time scale of post-shear relaxation were evaluated based 
on the differences in rheological properties, mesogen size, and cholesteric 
pitch. These results were used to aid the development of a robust model for 
predicting the three dimensional microstructure of cholesteric liquid crystals 
during post-shear relaxation. 

 



 
Figure 1: Image of a 5.14 vol% CNC dispersion 25 min after the cessation of 5 min of 
shear at 100 s-1. 
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Surface templating and entropy-driven effect to the self-assembly of 
protein 2D crystal at solid-liquid interface 

Shuai Zhang1, inanoshuai@gmail.com, Robert Alberstein2, Faik A. Tezcan2, 
James J. DeYoreo1. (1) Pacific Northwest National Laboratory, Richland, 
Washington, United States (2) Department of Chemistry and Biochemistry, 
University of California, San Diego, La Jolla, California, United States 

Protein 2D crystals possess diverse structures, and chemical and biological 
functions, due to the diversity of their protein building blocks. In nature, protein 
building blocks can self-assemble into 2D crystalline arrays on the templates 
of cell membrane or walls, like purple-membrane assembles and bacterial S-
layer proteins, respectively, to realize specific biological functions. In the 
biomimetic filed, the current protocol for protein 2D crystals generally relay on 
lipid layers as supports. It is challenging to create protein 2D crystals with 
specific long-range order, due to the anisotropy of lipid template along its 
surface. That maybe the obstacle for the functional applications of protein 2D 
crystalline arrays in future. 
To address this issue, we used the variant of L-rhamnulose-1-phosphate 
aldolase (RhuA), C98RhuA, with incorporated Cys to self-assemble into 2D 
crystals on solid-liquid interface of mica. By carefully selecting cations and 
controlling their amounts on mica surface, we created different isotropic 



protein 2D crystals with diverse packing patterns along uniform direction. It 
inspires the novel strategy to synthesize protein 2D crystals at solid-liquid 
interface artificially. It also reminds us the importance of surface templating 
and entropy in the self-assembly of protein 2D structures both in nature and in 
human manner. 
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Preparing and modifying Fischer-Tropsch catalysts through metal 
oxalate route 

Roland Barbosa1,3, roland.barbosa@gmail.com, Yizhi Xiang2,3, Norbert 
Kruse3. (1) Chemistry Department, Lamar University, Beaumont, Texas, 
United States (2) Dave C. Swalm School of Chemical Engineering , 
Mississippi State University, MS State , Mississippi, United States (3) Voiland 
School of Chemical Engineering and Bioengineering, Washington State 
University, Pullman, Washington, United States 

One of the by-products of the Fischer-Tropsch (FT) process are oxygenates 
but efforts on increasing the selectivity of these compounds are underway. 
The current investigation aims at utilizing the oxalate route of preparation to 
tune CoCu-based FT catalysts and impact formation of strictly short- or long-
chain terminal alcohols and aldehydes. CoCu-oxalates of varying metal ratios 
were synthesized and decomposed on different gas environments (Ar, H2, 
syngas, CO). Changing the ratio of Co/Cu produces polymeric oxalates with 
differences in the structure and electronic properties of the material. This 
behavior is indicative of new mixed-metal phases involving close proximity of 
the metals within the polymeric network. The optimum CO conversion was 
attained at 3:1 Co/Cu ratio with terminal alcohol selectivity of 30.8%. The 
decomposition process was monitored using TPDec and XPS and showed 
that the CoCu catalysts prepared by this method are influenced by the 
activation gases. The CO-activated catalyst showed significantly higher 
catalytic activity (27.1 % conversion) and higher chain lengthening probability 
but relatively lower alcohol selectivity (15%) compared to catalyst activated in 
H2 or syngas. TEM results indicated an “onion-like” graphitic carbon shell on 
top of the particles and XPS demonstrated major cobalt surface segregation 
during atmospheric syngas and CO activation. These findings highlight the 
opportunities for tailoring and improving FT catalysts though changes in the 
oxalate preparation and decomposition.
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Surface chemistry on single hot carbon nanoparticles 

Bryan A. Long, Daniel J. Rodriguez, Scott L. Anderson, 
anderson@chem.utah.edu. Univ of Utah, Salt Lake City, Utah, United States 

High temperature surface chemistry of carbon nanomaterials is important in 
applications such as soot formation and oxidation, char combustion, and 
carbon-based structural and thermal barrier materials, but understanding the 
kinetics is complicated by the fact that these materials tend to be quite 
heterogeneous. Single nanoparticle mass spectrometry provides an approach 
measuring kinetics for surface processes such as oxidation, addition 
reactions, and sublimation. By comparing kinetics from particle to particle, the 
effects of heterogeneity of the particle distribution can be determined. By 
titrating the reactive sites, it is possible to associate reaction rates with the 
distribution of heterogeneous sites present on individual particles, providing 
insight into structure-reactivity relationships. Results for reaction of relatively 
simple graphitic carbon nanoparticles will be presented. 

 
An example of oxidation of a single graphite nanoparticle over a wide range of rates, 
showing evolution of the reactive site distribution, and a fission event. 
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Metal vapor adsorption calorimetry on calcium niobate nanosheets: 
Energetics and adsorbate structure 



Wei Zhang1, wzhang2@uw.edu, John E. Eichler1, Ritesh Uppuluri3, Thomas 
E. Mallouk2, Charles T. Campbell1. (1) Chemistry, University of Washington, 
Seattle, Washington, United States (3) Chemistry, Biochemistry and Molecular 
Biology, and Physics, The Pennsylvania State University, University Park, 
Pennsylvania, United States 

The metal/oxide interface is essential to many current and prospective 
technologies, including oxide-supported metal catalysts, fuel cells, 
photocatalysis, and nanoscale electronic contacts, so understanding the 
strength of metal-oxide bonding at such interfaces is of great interest. These 
strengths have been measured on single crystal surfaces of simple oxides by 
single crystal adsorption calorimetry (SCAC) in ultrahigh vacuum (UHV), but 
never before on mixed metal oxides, yet mixed oxides are used in many 
applications. Adsorption enthalpies have been reported on calcium niobate 
nanosheets by solution-based isothermal titration calorimetry during the 
deposition of transition metal oxide (or hydroxide) nanoparticles from their 
aqueous salt solutions. These calcium niobate nanosheets are interesting 
since they are highly ordered and essentially like single crystal surfaces, with 
a huge ratio of terrace to edge sites. Furthermore, when used as supports for 
transition metal oxide (or hydroxide) nanoparticles, they display unusual 
stability against sintering. Here we directly measure the adsorption enthalpies 
of Ag and Cu vapors onto calcium niobate films that are 4 nanosheets thick 
(~4.6 nm total) using adsorption calorimetry in UHV. Silver atoms show an 
initial heat of ~112 kJ/mol, which is close to the DFT value for Ag monomers. 
The heat of adsorption then increases quickly to the sublimation heat of bulk 
Ag(s) (285 kJ/mol). Low-energy He+ ion scattering spectroscopy (LEIS) allows 
us to estimate the number density of Ag particles, which is only ~1.2 × 1011cm-

2 at 4.3 monolayer coverage. This is far lower than for Ag on MgO(100), 
CeO2(111) and Fe3O4(111), attributed to a much lower density of step edges 
and defects than on normal oxide single crystals. These niobate nanosheets 
provide a powerful new approach to study surface chemistry on highly ordered 
mixed oxide surfaces. 

 



 
 
Differential heat of adsorption of Ag on four layers of HCa2Nb3O10 nanosheets 
(outgassed at 348 K) as a function of Ag coverage at 300 K. 
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Kinetics and modeling study of the catalytic disproportionation of 
hydrogen peroxide using nanostructured ceria 

Chin L. Cheung1, barryclcheung@yahoo.com, Tamra J. Fisher1, Tai-Sing 
Wu2, Anuja Bhalkikar1, Nan Shao3, Nabil Al-Aqtash4, Khaldoun Tarawneh5, Yi 
Gao6, Yun-liang Soo2, Renat Sabirianov3, Wai-Ning Mei3. (1) University of 
Nebraska-Lincoln, Lincoln, Nebraska, United States (2) National Tsinghua 
University, Hsinchu, Taiwan (3) University of Nebraska at Omaha, Omaha, 
Nebraska, United States (4) Hashemite University, Zarqa, Jordan (5) Princess 
Sumaya University for Technology, Amman, Jordan (6) Shanghai Institute of 
Applied Physics, Shanghai, China 

Reactive oxygen species (ROS) are powerful oxidants generated in both 
biological systems and natural environments. An imbalance of these strong 
oxidizing species in our bodies can lead to serious health concerns such as 
cancer, cardiovascular diseases, and brain dysfunction. Ceria nanoparticles 
have been shown to reduce oxidative stress caused by ROS in mammalian 



cells. Though a superoxide dismutase-like property has been postulated to 
explain how ceria nanoparticles annihilate one of the common ROS, hydrogen 
peroxide (H2O2), the corresponding reaction mechanism has yet been 
resolved. 
 
Here we present our study of the catalytic disproportionation of H2O2 by 
nanostructured ceria using an experiment-modeling approach. Ceria 
nanorods, nanocubes, and nanooctahedra with defined facets were 
hydrothermally synthesized for this evaluation. The decomposition rates of 
H2O2 through the generation of hydroxyl radicals were experimentally found 
dependent on the facets of ceria, with {110} facets being most catalytically 
active, followed by {100} and {111} facets. An increase in the activity of these 
catalysts was correlated to an increase in their densities of oxygen vacancy 
defects. These activity trend results corroborated well with the findings from 
our density functional theory (DFT) modeling of reduced (111), (110), and 
(100) ceria surfaces. H2O2 was revealed to dissociate on reduced ceria 
through the formation of hydroperoxyl groups as an intermediate complex with 
surface cerium atoms, followed by decomposition to generate hydroxyl 
radicals. Our ab initio DFT molecular dynamics simulation of H2O2 with water 
molecules surrounding a ceria cluster further clarified the important roles of 
surface accessible cerium and oxygen atoms in coordinating the catalytic 
disproportionation reaction. 

COLL 444 

Ab initio molecular dynamic study about effect of acid-base molecule 
adsorption on acidity on ZrO2 surface 

Ryuhei Sato1, sato@alto.material.t.u-tokyo.ac.jp, Yasushi Shibuta1, Fuyuki 
Shimojo2, Shu Yamaguchi1. (1) Materials Engineering, University of Tokyo, 
Tokyo, Japan (2) Physics, Kumamoto University, Kumamoto, Japan 

Proton activity on oxide surface is paid considerable attention not only from 
the view point of basic science but also the applications to catalysts and 
electrolytes. To reveal the intrinsic protonic activity, hydration reactions on 
oxide surfaces are studied by ab initiomolecular dynamic (AIMD) simulations. 
In these studies, it is concluded that surface acidity is governed by 
deprotonation reactions of chemisorbed H2O molecules on metal ions (M-
OH2 → M-OH− + H+, pKa1) and polydentate hydroxyl groups formed on oxide 
ions (>OH+→ >O + H+ pKa0). Here, pH at point of zero charge condition 
(pHPZC), an indicator of surface acidity based on the experiment, is determined 
as an average of acid constants, pHPZC= 1/2(pKa1+pKa0). Therefore, since 



catalytic activity is not governed by pHPZCbut by the strength of acidity or 
basicity of reaction sites, pKas of hydroxyl groups on the surface are also 
estimated in several AIMD simulations. However, the effect of acid-base 
molecules on surface acidity has not been studied yet. In catalytic reactions 
such as methanol synthesis, intermediate species on the surface like 
carbonates and formates could be reduced by proton and electron migrations. 
Therefore, the efficiency of these processes is highly related to the acid-base 
property on the surface. Here, we report AIMD simulations for hydration 
reactions on carbonate, formate, and methanol adsorbed surfaces to study 
the effect of acid and base modification on oxide surface. 
To obtain these surfaces, a few ps AIMD simulations for CO2, HCOOH, and 
CH3OH adsorption on bare cubic ZrO2 (110) surface are performed. After the 
adsorption, all organic molecules stably exist on each surface throughout 
several-ps hydration reactions by introducing H2O molecules. Bond overlap 
population analysis shows that carbonates and formates are inert to the acid-
base reactions, whereas methoxy groups tend to form strong hydrogen bonds 
with surrounding H2O molecules. In addition, the bond length and strength of 
Zr-OH2 and Zr-OH− are constant regardless of organic molecule adsorption, 
which suggests pKa1 is maintained constant. On the other hand, 
thermodynamic discussion suggests that the basicity of surface oxide ions, 
pKa0, decreases as the coverage of organic molecules increases, which 
results in pHPZC reduction. Finally, according to these results, the relation 
between acid-base property of molecules and the change in acidity on the 
surface is discussed in terms of surface equilibrium. 
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Surface chemistry of group 4 metal oxide nanocrystals 

Jonathan De Roo1,2, jonathan.deroo@ugent.be, Katrien De Keukeleere2, 
Fabien Delpech4, Yannick Coppel4, Isabel Van Driessche3, Jose C. Martins3, 
Jonathan S. Owen1, Zeger Hens3. (1) Chemistry, Columbia University, New 
York, New York, United States (2) Ghent University, Gent, Belgium (3) 
Universiteit Gent, Krijgslaan 281 S4, Belgium (4) INSA , Toulouse, France 

Surface chemistry is a key enabler for colloidal nanocrystal applications. Here, 
we report on our recent investigations on the surface chemistry of group 4 (Ti, 
Zr, Hf) metal oxides synthesized in either benzyl alcohol or tri-n-
octylphosphine oxide (TOPO). 
 
ZrO2 and HfO2 NCs, synthesized in benzyl alcohol, are capped with HCl. 
Exchange with carboxylate ligands is not possible unless a basic environment 



is provided by amines. After purification, only carboxylates are retrieved on 
the surface. As a crucial difference from semiconductor quantum dots, the 
negative charge of the carboxylate is not balanced by excess surface cations 
but by surface adsorbed protons. As such, carboxylic acids dissociate on 
metal oxide nanocrystal surfaces. Furthermore, we show that this new 
NC(X)2 binding motif alters ligand exchange strategies and provides solutions 
in nano-catalysis. 
 
Recently, we turned our attention to TiO2, ZrO2 and HfO2 nanocrystals 
synthesized in tri-n-octylphosphine oxide (TOPO). Using liquid and solid 
state 1H and 31P nuclear magnetic resonance spectroscopy and X-ray 
fluorescence spectroscopy, we show that the nanocrystal surface is capped 
by several derivatives of TOPO. In the 31P NMR spectrum, di-n-
octylphosphinate (δ = 57 ppm) and P,P’-(di-n-octyl) pyrophosphonate (δ = 20 
ppm) are found coordinated to the nanocrystal. In addition, hydrogen chloride 
associates with the metal oxide nanocrystal surface and protonates TOPO. 
The resulting hydroxyl-tri-n-octylphosphonium, [HO-PR3]+, is tightly associated 
with the nanocrystal surface (δ(31P) = 73 ppm) due to electrostatic interactions 
and hydrogen bonding. To simplify the complex surface composition, we 
exchange the original surface species for carboxylate or phosphonate ligands. 
Our results contrast with the classically envisaged L-type binding motif of 
TOPO to surface metal ions. The generality of this stabilization mode and its 
relevance to catalysis is discussed. 
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Hybrid interfaces via organic chemistry on semiconductors 

Lisa Pecher, Ralf Tonner, ralf.tonner@gmail.com. Fachbereich Chemie, 
Philipps-Universitaet Marburg, Marburg, Germany 



Hybrid organic-inorganic interfaces are a promising route towards designing 
new devices. A well-defined bottom-up construction of these interfaces 
requires control of surface chemistry for the organic molecular building blocks. 
The computational analysis of this surface chemistry is the topic of this paper. 
Here, we show that quantitative insight can be gained by electronic structure 
theory in combination with newly developed bonding analysis methods 
(periodic energy decomposition analysis). The chemistry of interesting 
compound classes like ethers or unsaturated hydrocarbons on semiconductor 
surfaces is then often found to exhibit reaction schemes and bonding 
concepts known from molecular chemistry. Examples are donor/acceptor 
bonds (a), pi-complexes (b) or dispersion-enhanced interactions (c). 
The strength of the approach in quantifying concepts in surface adsorption, 
discovering new reaction types on surfaces and covering dynamic effects will 
be presented. 
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Lateral interactions between organic molecules on solids: Recent 
examples from functionalization of the Ge(100)-2×1 surface 

Bonggeun Shong, shongbg@gmail.com. Chemical Engineering, Hongik 
University, Seoul, Korea (the Republic of) 

Organic functionalization, or covalent attachment of organic molecules, of 
semiconductor surfaces has been a topic of interest. By creating interfaces 
between inorganic and organic functionalities, the versatility and tailorability of 
organic molecules may be used to tune the properties of the surfaces. A 
fundamental chemical understanding of the adsorption of the molecules on 
the surfaces is necessary in order to utilize organic functionalization. In this 
talk, several molecules’ adsorption chemistry on the Ge(100)-2×1 surface that 
were recently elucidated will be presented. Experiments under ultra-high 
vacuum conditions and theoretical methods are utilized to explore the surface 
chemistry of Ge. In many cases, the strongest interaction that drives the 
adsorption of organic molecules is local bond formation between the 



molecules and the surface. However, weaker lateral interactions within the 
adsorbate-substrate system are also present. Lateral interactions among 
organic adsorbates are observed in diverse aspects depending on the system, 
and they sometimes critically affect the adsorption chemistry of the molecules. 

COLL 448 

Surface chemical choreography of vapor-liquid-solid semiconductor 
nanowire synthesis 

Michael Filler, michael.filler@chbe.gatech.edu. Georgia Institute of 
Technology, Atlanta, Georgia, United States 

There are many applications (e.g., large area electronics, solar and thermal 
energy harvesters, artificial skins, etc.) where the constituent materials and 
devices require controlled nanoscale compositional heterogeneity and must 
also be produced at very large scales. Purely top-down fabrication techniques 
are unlikely to succeed in both regards. The bottom-up vapor-liquid-solid 
(VLS) mechanism – whereby a liquid eutectic “catalyst” droplet collects 
precursor molecules from the vapor and directs crystallization of a 
semiconductor nanowire – promises the requisite programming of composition 
at the nanoscale while being amenable to high throughput manufacturing. 
However, in many cases, it remains challenging to precisely control nanowire 
structure and function. To this end, we combine in situ infrared spectroscopy 
and electron microscopy to probe the heterointerfacial chemical processes 
that govern nanowire growth. Our studies reveal the presence and dramatic 
influence of various adsorbed species. We find, for example, that changes to 
hydrogen atom coverage on the nanowire sidewall impact catalyst phase, 
atomic transport to/from the catalyst, dopant profile, heterostructure formation, 
and nanowire growth direction. These insights not only provide guidelines for 
advancing synthetic design, but also enable a previously unattainable level of 
nanoscale fidelity and functionality. 
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III-Nitride nanostructures for photonics and beyond 

George T. Wang, gtwang@sandia.gov. Sandia National Laboratories, 
Albuquerque, New Mexico, United States 

Nanostructures based on the direct-bandgap III nitride (AlGaInN) materials 
system have attracted attention as potential nanoscale building blocks in 



LEDs, lasers, sensors, photovoltaics, and high-speed electronics. Compared 
to conventional planar heterostructures, which dominate current device 
architectures, III-nitride nanostructures have several potential advantages 
including: reduced defect densities; reduced strain, which enables growth on 
arbitrary substrates as well as allowing for a greater range of alloy 
compositions and hence bandgap energies; access to nonpolar crystal faces; 
increased device area; and the ability to create 2-dimensional arrangements. 
Here, I describe previous efforts involving the aligned, bottom-up growth of Ni-
catalyzed GaN and III-nitride core-shell nanowires, along with results 
providing insights into the nanowire properties obtained using cutting-edge 
structural, electrical, and optical nanocharacterization techniques. Next, I will 
discuss a more recent “top-down” etching approach for fabricating ordered 
arrays of high quality GaN-based nanowires with controllable height, pitch, 
diameter, and cross-sections. The etch mechanisms and lasing characteristics 
of GaN-based nanowires fabricated by this approach will be presented, along 
with schemes for single optical mode selection, polarization control, beam 
shaping, and wavelength tuning. Finally, I will present a novel method for the 
etching of size-controlled, epitaxial quantum dots (QDs) using quantum size 
effects. 
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Molecular design and chemical modification of semiconductor surfaces 

Andrew V. Teplyakov, andrewt@udel.edu. Chemisty and Biochemistry, 
University of Delaware, Newark, Delaware, United States 

One of the important venues in designing novel surfaces, interfaces and 
materials is based on the complementary functionalization of surfaces, 
modified molecules, and nanostructures, so that combining them would lead 
to structures with novel chemical and physical properties. The presentation 
will highlight the molecular-level view of surface reactions starting with 
investigation of the chemistry of functional organic layers with buckyballs and 
carbon nanotubes, then expand this work to the surfaces directly 
functionalized with ammonia and azides, and finally examining the role of 
surface functionalization in building multilayered nanostructures based on 
similar chemical attachment schemes. We will use experimental and 
computational description of molecular processes to understand the rules 
governing attachment schemes. A combination of microscopic techniques to 
visualize the resulting surfaces and interfaces with the spectroscopic 
identification of the produced linkers and with the computational description of 



the spectroscopic observables will allow for a complete characterization of the 
systems produced. 
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Tailoring aerogels for energy storage and sensing applications 

Marcus A. Worsley, worsley1@llnl.gov. Lawrence Livermore National 
Laboratory, Livermore, California, United States 

Aerogels are porous solids used in a wide range of energy and environmental 
applications including sorbents, filtration, insulation, hydrogen storage, 
catalysis, batteries, and supercapacitors due to their high internal surface, 
composition, and small pore/particle size. Two-dimensional (2D) 
nanomaterials, such as boron nitride and graphene, also exhibit a range of 
distinct optical, electronic, and mechanical properties, but are typically limited 
to thin films and coatings. Assembling 2D nanomaterials into monolithic 
aerogels expands their application space to include technologies and 
manufacturing processes that require a macroscopic 3D form factor. 
Furthermore, placing the novel intrinsic properties of 2D materials in a low-
density, high surface area architecture has the potential to unlock exciting new 
properties and features only displayed in the aerogel system. Here we 
demonstrate recent work on assembling and tailoring various properties of 
aerogels made from several different 2D materials, (e.g. boron nitride, 
graphene, dichalcogenides, etc.). In particular, methods of controlling the 
composition via doping or hybrid aerogels (e.g. combining two or more 
layered materials), crystallinity, and macroscale architecture via 3D printing 
will be presented. The impact of those changes on aerogel properties and 
performance in energy storage and sensing devices will be discussed. 

 



 
Images of 3D-printed graphene aerogel at various magnifications. 
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In honor of Prof. Stacey Bent: Self-assembly across substrates 

Paul S. Weiss, psw@cnsi.ucla.edu. MC 722710, California NanoSystems 
Inst. UCLA, Los Angeles, California, United States 

Following the lead of Prof. Stacey Bent, we have worked to reproduce the 
advantages of and control available for self-assembly on coinage metal 
surfaces to technological surfaces. Accomplishing this goal would add the 
chemical dimension to nanolithography. One of the key challenges is 
removing surface passivation layers and preventing side reactions, such as 
oxides and oxidation, respectively, on group IV semiconducor surfaces. We 
describe our efforts in this controlled surface chemisryt. In addition, new 
families of highly symmetric molecules are being developed to yield even 
greater control and are enabling elucidation of the key design parameters of 
both the molecules and assemblies. These design elements, in turn, enable 
controlled chemical patterning from the sub-nanometer to the centimeter 
scales. We simultaneously develop metrology tools for these methods to give 
unprecedented insight on the structures, function, and properties of these 
assemblies. 
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Hydration repulsion between polar surfaces and lipid membranes: 
Insights from solvent-explicit molecular dynamics simulations 

Emanuel Schneck1, schneck@mpikg.mpg.de, Matej Kanduc3, Bartosz 
Kowalik2, Alexander Schlaich2, Roland Netz2. (1) Max Planck Institute of 
Colloids and Interfaces, Potsdam, Germany (2) Freie Universität Berlin, Berlin, 
Germany (3) Helmholtz-Zentrum Berlin für Materialien und Energie, Berlin, 
Germany 

Hydration repulsion acts between all sufficiently polar surfaces in water at 
small separations and prevents dry adhesion between lipid membranes up to 
kilobar pressures. Yet it remained unclear whether this ubiquitous force is a 
sole water property or depends on surface structure and chemistry. Using 
solvent-explicit Molecular Dynamics simulations and accounting for the water 
chemical potential, we quantitatively reproduce the experimentally observed, 



different pressure-versus-distance curves of glycolipid membranes and 
phospholipid membranes in the ordered gel and the disordered fluid states. 
Simulation analysis reveals different dominant repulsion mechanisms for 
different membrane types, demonstrating that what is commonly termed 
“hydration force” is not caused by water ordering effects alone. 
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Molecular thermodynamic modeling of interactions between alpha-
helical peptides and lipid bilayer membranes 

Ramanathan Nagarajan, ramanathan.nagarajan.civ@mail.mil. Natick Soldier 
RDEC, Natick, Massachusetts, United States 

A large body of empirical evidence suggests that antimicrobial peptides cause 
cell death by the disruption of the cytoplasmic membrane of the microbe. 
Based on numerous studies of peptide orientation in model lipid membranes, 
a “two-state model” for the action of peptides has been proposed by Huang 
(Biochemistry, 2000), with one state representing the peptides adsorbed on 
the membrane surface and the other state representing the peptides 
generating stable pores or mixed aggregates with lipids, thus destabilizing the 
membrane. We have developed a molecular thermodynamic treatment of 
peptide-membrane interactions built on this conceptual framework. The 
approach involves formulating a global free energy model that considers (a) 
the presence of individual peptides adsorbed on the membrane surface, (b) 
the occurrence of peptide aggregates inserted into the membrane creating 
transmembrane cylindrical or toroidal pores, and (c) peptides forming mixed 
aggregates with lipids promoting the lysis of the membrane. We take into 
account the peptide induced changes in the membrane free energy arising 
from hydrophobic effects, chain packing and electrostatic interactions and also 
the entropic effects associated with surface adsorption, pore formation and 
mixed aggregate formation. The theory allows for the identification of the 
conditions under which the peptides are only adsorbed on the membrane 
surface and the conditions when one or another mode of membrane 
destabilization is initiated. From the theory, one can calculate the number of 
peptides aggregated to create a stable pore or a mixed aggregate and the 
peptide to lipid ratio at which pore formation or membrane lysis occurs as a 
function of the hydrophobicity, charge and size properties of the peptide. 
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Double layer forces and the dielectric approximation 



Luis Pegado1, pegado.luis@ch.sika.com, Bo Jönsson2, Håkan 
Wennerström3. (1) Sika Technology AG, Zurich, Switzerland (2) Division of 
Theoretical Chemistry, Lund University, Lund, Sweden (3) Division of Physical 
Chemistry, Lund University, Lund, Sweden 

The dielectric continuum model has long been a major workhorse in Surface 
and Colloid Chemistry (e.g.: the Poisson-Boltzmann equation and simulations 
using the primitive model of electrolyte solutions). It is however somewhat 
surprising that in so many instances it is seen to hold down to very small 
length scales. 
In a series of studies we have performed Monte Carlo simulations of double 
layer forces between two like-charged plates in the primitive model (implicit 
solvent) and in a Stockmayer fluid (explicit molecular solvent). 
We first assessed that both systems display the same qualitative behaviour 
upon changing the electrostatic coupling, with an ion-ion correlation attraction 
minimum which is lost or reduced upon decreasing the counterion valency or 
the surface charge density or upon increasing the dielectric screening. In a 
molecular solvent the pressure curves display extra effects, namely packing 
oscillations. The analysis of the different pressure components and of 
interaction free energies aid in the interpretation. 
In a second stage, we have interpolated between the primitive model and a 
molecular solvent, having systems with solvent particles with progressively 
smaller radius and dipole moment, but increasing their number, keeping the 
dielectric properties of the solvent constant. For sufficiently small solvent size 
the interaction curves have clear similarities with those from the primitive 
model. 
All in all, we see that the primitive model reproduces qualitatively the dielectric 
screening by a dipolar solvent, which is not trivial. 
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Self-regulation and amplification of ion permeation 

Helmuth Moehwald1, moehwald@mpikg.mpg.de, Jean Duhamet2, Maximilian 
Pleines3, Thomas Zemb3. (1) Max-Planck-Institute of Colloids and Interfaces, 
Potsdam, Brandenburg, Germany (2) Mining and Fuel Recovery Processing, 
CEA, 30207 Bagnols-sur-Ceze, France (3) Institute de Chimie Separative, 
30207 Bagnols-sur-Ceze, France 

An efficient way to separate precious ions is achieved by phase transfer from 
water into an organic phase containing a specific ion binding ligand. To be 
efficient one should use high ligand concentrations, and in this case ion 



binding may lead to a "third" phase with low ion permeability, that in addition 
depends strongly on local ion concentration.In the specific case presented, 
the Nd separation through a hydrophobic pertraction membrane, even for 
10mM ion concentration in water the ion concentration in the membrane is 
high enough to cause a third phase, and ion diffusion into the oil may destroy 
this phase again. Therefore varying the ion concentration in the water phase 
may strongly change the flux through the membrane and thus the 
concentration of the same or a different ion in the oil phase, the characteristics 
of an "ionic transistor".The permeation rate can in addition be increased by 
almost a factor of 2 by low frequency ultrasound. These features can be well 
described by simulations with reasonable diffusion and partition coefficients as 
parameters.It enables understanding of the process and enables the 
derivation of thermodynamic data to further improve the process. This beavior 
is similar to the self-regulated water permeation through a membrane with 
permeation dependent on humidity in the environment relevant for the function 
of the skin. 
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Surface forces measurement for materials science 

Kazue Kurihara, kurihara@tagen.tohoku.ac.jp. New Industry Creation 
Hatchery Center, Tohoku University, Sendai, Japan 

Elucidation of interactions is essential for designing materials and also for 
understanding their properties. Surface forces measurement directly 
measures surface interactions in liquids as a function of the surface 
separation with high sensitivity. It is a powerful tool for studying origins of 
forces operating between molecules and/or surfaces of interest. It also offers 
a unique, novel surface characterization method, which “monitors surface 
properties changing from the surface to the bulk (depth profiles)” and provides 
new insights into surface phenomena. The effective area which this 
measurement monitors is large, typically 30 μm in diameter, although the 
resolution of the separation distance is 0.1 nm. Due to these size ranges, the 
measurement is unique and can connect the meso- or macro-scopic 
interfacial phenomena with molecular properties. We have made efforts to 
expand the scope of this measurement in materials science, which include the 
development of an apparatus, twin-path SFA, for opaque samples, and 
applications of it for electrochemistry and tribology; preparation of smooth 
samples for replacing commonly used mica; and the development of the 
resonance shear measurement (RSM). 
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From polymeric to oligomeric stabilization of colloidal spheres 

Johan Bergenholtz, jbergen@chem.gu.se. University of Gothenburg, 
Goteborg, Sweden 

The stability of dispersions of fluorinated particles with grafted steric layers of 
poly(ethylene glycol) (PEG) of different chain lengths has been studied. At 
sufficiently high concentrations of sodium carbonate, an effective salting-out 
electrolyte, most particle dispersions are observed to aggregate. The 
instability, which will be shown to be caused by a transition from fully wetting 
to partial wetting of particle surfaces rather than the usual particle core-
particle core van der Waals attractions, is found to be independent of particle 
concentration. This behavior accords with the wetting effect as a single-
particle property, governed by ion depletion in the vicinity of the PEG grafts. 
With the stability limit independent of particle concentration, its dependence 
on the PEG molecular weight can be cleanly determined. Particles with 
shorter, oligomeric grafts are observed to be markedly more stable than 
particles grafted with longer polymeric chains. In line with this finding, 
dispersions can be made with a molecular graft comprising just a single 
ethylene oxide unit, which remain stable close to the room-temperature 
saturation limit of the sodium carbonate solution. A simple model that 
accounts for this behavior will be presented. 
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Nanoporous polymer sponges 

Reinhard Strey, rstrey@uni-koeln.de. Chemistry, University of Cologne, 
Cologne, Germany 

We generate nanoporous polymer sponges e,g. for improved thermal 
insulation. Generally, the production processes of polymeric nanofoams need 
high pressure of gaseous blowing agents. Our new approach allows 
generating nanoporous polymer materials without blowing agent at ambient 
pressure and temperature. To this end a crosslinked polymer gel is swollen 
with a mixture of at least two specially selected solvents followed by 
sequential evaporation leading to nanoporous, sponges-like material (c.f. Fig. 
1). We have varied the mean pore size of the generated structures between 
80 and 800 nm to examine the effect of the pore size on the gaseous thermal 
conductivity. We found decreasing the pore size of the materials, the gas 



thermal conductivity could be reduced enormously as expected from the 
Knudsen effect. Remakably, we observe a scaling of the gas thermal 
conductivity over more than six orders of magnitude in Knudsen numbers, 
0.0001<Kn<200. 

 
 
Fig. 1: Nanoporous polymer sponge 

COLL 460 

Molecular simulation of single nucleotides moving through nanoslits 
composed of self-assembled monolayers terminated with various 
chemical groups 

Xinjie Tong, Brian Novak, tajrkala@gmail.com, Dorel Moldovan. Mechanical 
Engineering, Louisiana State University, Baton Rouge, Louisiana, United 
States 

Single molecule, real-time DNA sequencing lead to a higher efficiency and 
accuracy while reducing cost. This work is based on the idea of using an 
enzyme to disassemble DNA into its nucleotide monomers followed by 
detection of those nucleotides at two or more locations along a nanochannel. 
Differentiation of the nucleotides is based on flight time between detectors 
combined with any differences in the detector signals for the nucleotides. We 
have simulated nucleotides driven through nanoslits using an electric field. We 
used self-assembled monolayers (SAMs) for the slit walls since they are 
smooth and can be terminated with various chemical groups. We used three 



SAMs terminated with methyl acetate (COOCH3), methyl (CH3), or phenoxy 
groups. We investigated nucleotide adsorption and desorption behavior over 1 
microsecond simulations. We estimated the distance between detectors 
required to separate the time of flight distributions for all nucleotides at the 
simulated electric field strength to be 0.55 mm for the COOCH3 system, 4.78 
mm for the CH3 system, and 0.01 mm for the POXY system. The possibility of 
using a channel with multiple surface types to reduce the separation distance 
is considered. Also, in the absence of an electric field, we calculated the 
potential of mean force (PMF) as a function of distance of the nucleotides 
from the wall surface[BN1] . The PMFs show the differences in affinities of the 
nucleotides for different surfaces. For a given nucleotide, the PMF well depths 
always show the order POXY > CH3 > COOCH3. This is somewhat consistent 
with the separation distances; greater interaction with the surface indicated by 
a deeper PMF well leads to a decreased separation distance. The different 
ordering for the CH3 and COOCH3 system can be explained by different 
velocities for sliding along the walls for different surfaces which is not captured 
by the PMF calculations. 

COLL 461 

Charge-reversal nanocarriers for cancer gene delivery 

Youqing Shen, shenyq@zju.edu.cn. Chem Biological Eng Dept, Zhejang 
University, Hangzhou, China 

Tight complexation, inefficient endosomal escape and the interference with 
transcription process are the main causes of the low gene transfection 
efficiency of cationic polymer/DNA complex (polyplex) vectors. Herein, we 
report a novel design for a fusogenic lipidic polyplex (FLPP) vector capable of 
efficient dissociation triggered by intracellular reactive oxygen species (ROS) 
or esterase to overcome these problems. The vector's lipid layer can fuse with 
the cell membrane, mimicking viropexis, and eject the polyplex into the 
cytosol, where the cationic polymer is subsequently oxidized by ROS and 
becomes negatively charged, efficiently releasing the DNA. The FLPP vector 
avoids endosomal DNA degradation, efficiently release the DNA and does not 
interfere with its transcription, giving rise to high gene expression and cell 
transfection efficiencies. The vector is stable and long circulating in the blood, 
and efficiently accumulates and induces gene expression in tumors once 
further functionalized with the tumor-homing peptide CRGDK. The vector 
delivers the TRAIL gene to tumor xenografts and achieves better inhibition of 
tumor growth than doxorubicin with minimal toxicity. 



 



 
Figure 1. Charge-reversal nanocarriers for cancer gene delivery. 

COLL 462 

Self-assembled spherical nucleic acids from oligonucleotide-polymer 
conjugates for drug delivery and immunotherapy 

Ke Zhang, k.zhang@neu.edu. Chemistry and Chemical Biology, Northeastern 
University, Boston, Massachusetts, United States 

Nucleic acids are generally regarded as the payload in gene therapy, often 
requiring a carrier for intracellular delivery. Given the recent discovery that 
spherical nucleic acids enter cells rapidly, however, nucleic acids also have 
the potential to function as a delivery vehicle. In this presentation, we tether a 
number of polymers bearing hydrophobic payloads, such as paclitaxel, 
camptothecin, and vitamin E, to create amphiphilic diblock copolymers (DNA-
b-payload). These polymers form micellar nanoparticles in solution, and the 
nucleic acid component acts as both a payload and a delivery vehicle for a 
second payload which is the micelle core. Bioredox- or light-activated, 
traceless self-immolative linkers are used to link the hydrophobic molecules to 
the polymer, allowing free payloads to be released upon cell uptake. We 
found that these micellar nanostructures enter cells >1000 times faster than 
free DNA, exhibit increased stability against nuclease, and successfully 
achieve payload delivery without the use of any carrier. These particles allow 
one to access intracellular targets using only the payloads themselves, 
bypassing the need for a co-carrier system. 

COLL 463 

CarboNano-Tweezers for twisting DNA duplex in cancer cells 

Indu Tripathi, indutrip@illinois.edu, Santosh K. Misra, Fatemeh 
Ostadhossein, Indrajit Srivastava, Dipanjan Pan. Bioengineering, University of 
Illinois at Urbana Champaign, Urbana, Illinois, United States 

We have prepared and used novel trogers base (TB) decorated carbon 
nanoparticles CarboNano-Tweezers (CNTWZ) for breast cancer therapy 
applications. Considering that these particles act as nano-tweezers to twist 
the genomic DNA and induce cell inhibition cascade for cancer therapy, a 
series of biophysical and biological experiments were performed to achieve 
the feat. It was found that presence of TB facilitate nuclear localization of 



CNTWZs in breast caner cells while DNA interaction ability was dependent on 
isomeric form of TB used for preparation of CNTWZ. (-)-CNTWZ was found to 
be most effective in DNA ineteraction as revealed by UV-Vis, circular 
dichroism, gel electrophoresis and flow assisted cell scanning. This study 
facilitates the area of chirality based improvements in cancer thearpy at 
nanoscale level. 

 

COLL 464 

Combining peptide arrays and mass spectrometry for high throughput 
experiments 

Milan Mrksich, milan.mrksich@northwestern.edu. Chemistry Dept. RM# 
H232, HHMI/Northwestern University, Evanston, Illinois, United States 

This talk will describe an approach for using mass spectrometry to analyze 
peptide arrays. The arrays are prepared by immobilizing peptides to self-
assembled monolayers of alkanethiolates on gold. This arrays are then 
treated with reactants—either chemical reagents or enzymes—and then 
analyzed using the SAMDI technique to identify the masses of substituted 
alkanethiolates in the monolayer and therefore a broad range of reactivities 
and post-translational modifications—including kinase, protease, 



methyltransferase and carbohydrate-directed modifications—and for 
discovering chemical reactions. This talk will describe applications to high 
throughput experiments, including the discovery of reactions, the preparation 
of peptide arrays to profile the enzyme activities in cell lysates and 
identification of peptide tags that can be efficiently glycosylated. These 
examples illustrate the broad capability of the SAMDI method to profile and 
discover molecular activities in the molecular sciences. 

COLL 465 

Bio-nano interfaces for renewable energy 

Jennifer Cha, jencha@ucsd.edu. Chemical and Biological Engineering, 
University of Colorado Boulder, Boulder, Colorado, United States 

With increasing demands for alternative sources of fuel, extensive research 
has focused on discovering methods to generate renewable energy from earth 
abundant resources. In recent years, a wide range of inorganic nanostructures 
with high surface areas and tunable band gaps have been used as 
photocatalysts. To increase their activity, “Z-scheme” photocatalytic systems 
have been implemented in which multiple types of photoactive materials 
simultaneously oxidize water and reduce molecules upon photoillumination. In 
this talk, I will show recent efforts to use DNA as a structure-directing agent 
for well-defined photoactive donor and acceptor nanocrystals. In the first part, 
I will demonstrate that DNA as a structure directing agent to assemble TiO2 
and Pt decorated CdS nanocrystals significantly improved water splitting as 
opposed to utilizing a single type of particle or simply mixing the particles in 
solution. Potential limitations in H2 production caused by negatively charged 
DNA on the Pt@CdS nanoparticles was simply fixed by controlling the amount 
of DNA per CdS nanorod. DNA also allowed positioning of a single or series 
of electron mediators site-specifically in between the two catalysts for 
increased H2 production. 
 
In a similar vein, I will also show some of our recent efforts in applying Z-
schemes for CO2 reduction to usable fuels. In this work, DNA bases of 10, 20, 
30, 40, and 80 bases were first used to position the TiO2-CdS nanocrystals 
with interparticle distances of ~3, ~6, ~9, ~12, and ~24 nm, respectively. As 
compared to either TiO2 alone, Au@CdS alone, or simple mixtures of the two, 
the DNA assembled TiO2-Au@CdS showed a significant (2.94-5.28 fold) 
increase in CO2 photoreduction, as evidenced by the generation of formate, 
formaldehyde, and methanol. Furthermore, we show that with this particular Z-
scheme, separating the nanoparticles at 9-10 nm showed the highest yields 



CO2 conversion. This result was found not only for nanocrystals spaced with 
linear 30mer dsDNA, but also for 40mer DNA composed of both linear and 
hairpin DNA. Electron transfer from TiO2 to Au@CdS was achieved over DNA 
lengths as large as 24 nm. For comparison, a 5 kDa polyethylene glycol 
(PEG) spacer, which has an approximate end-to-end distance of ~11 nm, 
showed a very low amount of CO2 conversion. Lastly, I will also showcase our 
recent efforts in interfacing enzymes with semiconductor nanocrystals for 
driving photoassisted redox activity, in particular nitrogen fixation. 

COLL 466 

Reagentless DNA bioconjugation to metal surfaces 

Ariel L. Furst, ariel.furst@gmail.com, Matthew B. Francis. University of 
California, Berkeley, California, United States 

DNA is unique in its abilities to self-assemble and recognize biomolecules. 
These traits have enabled its application in a variety of fundamental scientific 
and medical devices. The majority of DNA platforms depend on thiol groups to 
tether DNA to gold surfaces, but this method suffers from the lack of control 
over DNA assembly. We have developed a reagentless, one-pot 
bioconjugation reaction to attach oligonucleotides to gold surfaces based on 
electrochemical oxidation. Coupling proceeds in minutes at low micromolar 
DNA concentrations, and, importantly, we can control the final DNA surface 
coverage by varying the reaction time and underlying thiol monolayer content. 
We have shown the widespread applicability of this method by 
electrochemically detecting the endocrine disruptor bisphenol A and by 
specifically capturing living nonadherent cells through DNA hybridization. This 
method has shifted the paradigm of DNA attachment to metal surfaces and 
represents a new direction for selective biomolecule attachment to surfaces. 

COLL 467 

Evidence for DNA as a biomimetic template in calcium phosphate 
mineralization 

Aren E. Gerdon, gerdoar@emmanuel.edu. Chemistry, Emmanuel College, 
Boston, Massachusetts, United States 

DNA technology has been advanced over the past decades to exploit the 
programmability of polynucleotides and to provide evolutionary methods for 
selecting aptamers with specific abilities. This has led to the wide use of DNA 



aptamers as affinity reagents and in sensor development, but the interaction 
of DNA with biomaterials has not been widely explored. This research 
demonstrates the evidence for short strands of synthetic DNA to act as 
biomimetic templates in the mineralization of calcium phosphate biomaterials. 
Initially, rationally-designed strands of DNA were tested as mineralization 
templates with success in directing mineral to form in solution and on surfaces 
coated with DNA. Quartz crystal microbalance (QCM) technology was used as 
a method to quantify mineral mass deposited and kinetics of mineralization. 
More recently, a novel precipitation SELEX method was developed and 
employed in the identification of DNA aptamers which showed a strong 
prevalence for G-quadruplex secondary structure. These aptamers have been 
demonstrated to influence mineral formation kinetics and mineral morphology 
in solution. Current research efforts focus on understanding the role of the G-
quadruplex in calcium binding, affinity to calcium phosphate materials, and as 
a template for mineral formation both in solution and on a QCM surface. 

COLL 468 

Cargo release mechanics of lipid bilayer coated mesoporous silica 
nanoparticles 

Darryl Y. Sasaki1, dysasak@sandia.gov, Cassidy Dolstra1, Achraf 
Noureddine2, Jeffrey Brinker3. (1) MS 9292, Sandia National Laboratories, 
Livermore, California, United States (2) University of New Mexico, 
Albuquerque, New Mexico, United States (3) Sandia National Laboratories, 
Albuquerque, New Mexico, United States 

Nanoparticles are currently being explored as delivery vehicles for small 
molecule drugs and larger biomacromolecule cargo. To protect the cargo from 
the in vivo environment a biocompatible coating is required that is both 
physically and chemically robust yet offers facile release of the cargo once it 
reaches the targeted site. Here, we report on the triggered release of cargo 
from lipid bilayer-coated silica particles through a change in solution pH that is 
analogous to the endosomal uptake pathway. Previously, we reported on the 
reorganization of lipid bilayers on silica to yield micron-sized pores upon pH 
change from 7.4 to 5.0. The pore formation was found to be a result of the 
simultaneous change in lipid curvature and attraction between the lipid 
membrane and silica. For the former, we found that the cargo release rate 
was dependent on the lipid membrane’s bending rigidity (e.g., DPPC vs. 
POPC). For the latter, we found that lipid membranes that are pH insensitive 
responded poorly to a drop in pH whereas protonatable phosphocholine lipid 
membranes respond well. This presentation will focus on the release 



mechanics of small molecule drugs and dyes, and the release of enzymes for 
colorimetric assays (e.g., glucose oxidase/horse radish peroxidase) and for 
gene editing (e.g., CRISPR Cas9/sgRNA). 

COLL 469 

Nanometric gap structure for selective biosensing created with 
patterned lipid bilayer, silicone elastomer, and silica nanoparticles 

Kenichi Morigaki2,1, morigaki@port.kobe-u.ac.jp, Masashi Tanabe1, Ryota 
Komatsu1, Koji Ando1. (1) Graduate School of Agrobioscience, Kobe 
University, Kobe, Japan (2) Biosignal Research Center, Kobe University, 
Kobe, Japan 

We developed a biosensing technology based on a model biological 
membrane and a nanometric gap structure. The model biological membrane 
was composed of polymeric and fluid lipid bilayers. The polymeric lipid bilayer 
was attached with a silicone elastomer (polydimethylsiloxane: PDMS) sheet 
using silica nanoparticles as the adhesion layer, creating a nanometric gap 
junction between the fluid bilayer and PDMS (nanogap-junction). Thickness of 
the nanogap-junction was controlled by the size of silica nanoparticles. Since 
only molecular species that specifically bind onto the fluid bilayer can 
penetrate into the nanogap-junction, the selectivity and sensitivity of 
biosensing in the nanogap-junction is expected to increase as the gap 
thickness decreases. This hypothesis was verified by using a mixture of model 
target protein (cholera toxin: CTB) and coexisting protein (bovine serum 
albumin: BSA). CTB was selectively transported into the gap owing to its 
specific binding to a glycolipid (GM1) in the fluid bilayer and detected in the 
nanogap-junction with an elevated signal-to-noise-ratio. The signal-to-noise 
ratio was more significantly enhanced in a thinner gap, corroborating the 
theoretical prediction. Silica nanoparticles proved to be an excellent material 
for the adhesion layer due to their mono-disperse size and mechanical 
stability. The nanogap-junction offers a platform for biosensing applications for 
which detection of specific target molecules in the presence of coexisting 
molecules is important. 

COLL 470 

Probing ion and small molecule drug interactions with lipid membranes 

Paul S. Cremer3, psc11@psu.edu, Simou Sun1, Saranya Pullanchery2. (1) 
Chemistry, Penn State University, State College, Pennsylvania, United States 



(2) Chemistry, Pennsylvania State University, State College, Pennsylvania, 
United States (3) The Pennsylvania State University, University Park, 
Pennsylvania, United States 

The interactions of ions, small molecules, and peptides with lipid headgroups 
depends intimately on both the structure of the analyte and the composition of 
the membrane. Herein, we show that the interactions of small drug molecules 
with lipid membranes can be facilely probed by fluorescence microscopy 
when using a pH sensitive probe. The ability of these small organic species to 
insert into the membrane depends on the charge on the membrane, the 
charge on the small molecule, the presence of cholesterol, as well as the 
presence of other specific membrane lipids (e.g. phosphatidylethanolamine) at 
the interface. Further information on insertion can be obtained from sum 
frequency generation (SFG) vibrational spectrosocpy, Langmuir isotherm 
measurements, and fluorescence recovery after photobleaching (FRAP) 
experiments. It is revealed that the perturbation of the interfacial water 
structure can be correlated with the mechanisms of small molecule-membrane 
interactions. 

COLL 471 

Compressible simulation model for lipid bilayer membranes: Faithful 
treatment of surface tension at the continuum level 

Frank L. Brown, flbrown@chem.ucsb.edu. Univ of California, Santa Barbara, 
California, United States 

The Canham-Helfrich (CH) model for lipid bilayers is extended to acount for 
local compressibility in the membrane plane. This new approach resolves 
some incosistencies associated with the traditional CH approach related to the 
interpretation of surface tension and modifies prior predictions for the 
magnitude of bending rigidity renormalization at long wavelengths. 

COLL 472 

Recent advances in the in situ synthesis of phospholipid membranes 

Neal K. Devaraj, ndevaraj@ucsd.edu. Chemistry and Biochemistry, 
University of California, San Diego, La Jolla, California, United States 

Our group is interested in developing synthetic membranes through artificial 
phospholipid synthesis and modification. Living organisms carry out the de 



novo synthesis and subsequent remodeling of phospholipid membranes. The 
development of comparatively dynamic artificial lipid membranes will require 
simple methods to mimic how native phospholipid membranes are 
synthesized and remodeled. Using reversible coupling reactions, we have 
been able to sequentially form and remodel artificial lipid membranes. 
Interestingly, in situ remodeling of phospholipids is capable of controlling 
micrometer scale changes in vesicle spatial organization, composition and 
morphology. Recently we have also begun efforts to explore if enzymes can 
trigger de novo vesicle formation, a phenomenon that is absent (to our current 
knowledge) in living cells. 

COLL 473 

Membrane fusion mediated intracellular delivery of lipid bilayer coated 
mesoporous silica nanoparticles 

Alexander Kros, a.kros@chem.leidenuniv.nl. Leiden University, Bodegraven, 
Netherlands 

Intracellular protein delivery holds enormous promise for a range of 
biomedical applications, such as cancer therapy, vaccination and enzyme 
based therapeutics. However, therapeutic proteins are susceptible to 
proteolysis and denaturation, limiting their efficacy in the body. In the last 
decade mesoporous silica nanoparticles (MSNs) have shown to be good 
carriers for a wide variety of biomolecules with varying molecular weight, 
including anticancer drugs, oligonucleotides and proteins. Typically, these 
MSNs and lipid bilayer-coated MSNs are taken up by endocytosis, which can 
be detrimental to the cargo. 
 
In this contribution we offer a new solution for direct delivery of protein-loaded 
MSN into the cytosol of live cells. Inspired by the fascinating and efficient 
process of membrane fusion in cells, we have developed a fully artificial fusion 
system that is able to function with bilayer-coated MSN and live cells. 
 
Cellular uptake of MSN was controlled by a complementary pair of coiled coil 
forming lipopeptides, which were incorporated into the lipid bilayer of the 
MSNs particles and the cytoplasmic membrane respectively. Coiled coil 
induced membrane fusion led to cytosolic delivery of the cytochrome c loaded 
MSNs. Cell uptake inhibition studies with five commonly used inhibitors 
revealed that indeed endocytosis is not the major pathway of uptake, strongly 
suggesting that membrane fusion is the dominant uptake mechanism. Thus, 
this is the first example were MSN are entering cells via membrane fusion. 



 
The release and bioactivity of cytochrome c inside cells was quantified using a 
caspase assay. It showed that the cells were driven into apoptosis, confirming 
the cytosolic delivery. This system is suitable for delivery of any other protein 
or other high molecular weight compound due to the large pore size of the 
MSNs and combined with coiled coil mediated delivery has many potential 
applications in the field of biomedicine and diagnostics. 

COLL 474 

Mechanisms of broad-spectrum antiviral activities of membrane-active 
molecules targeting enveloped viruses 

Atul N. Parikh1,2, anparikh@ucdavis.edu. (1) Biomedical Eng/Chem. Eng. 
Mater. Sci., University of California, Davis, Davis, California, United States (2) 
Materials Science, Nanyang Technological University, Singapore, Singapore, 
Singapore 

The rapid rise in the number of emerging and re-emerging infectious diseases 
due to viral pathogens underscores the need for therapeutic approaches that 
target large classes of viruses using single drugs. To be effective, such “one 
for many” broad-spectrum antivirals must either interfere with the shared steps 
of biophysical or biochemical processes of viral entry (i.e., fusion inhibiting 
mechanisms)2,3 or disable disparate virions by targeting their common 
structural components (i.e., virocidal mechanisms). To this end, one obvious 
target is the lipid bilayer component of the viral envelope. Although derived 
from the host cell, the viral membrane differs from cellular membranes in 
many physical-chemical properties including chemical composition, curvature, 
and lateral fluidity as well as the absence of biogenic reparative capacity. 
These attributes are shared across a variety of different viruses rendering the 
viral membrane a discrete and susceptible target for developing broad-
spectrum antivirals. Specifically, antiviral drug candidates can be designed 
that selectively alter the nanometer-scale viral envelope – without harming the 
larger host cell membrane –destabilizing its structural integrity and/or 
disrupting the ability of the virus to enter the host cell. 
 
This talk presents broad-spectrum antiviral potential of two distinctly different 
classes of membrane-active antiviral drug candidates. First, using model 
membranes we show how a peptide derived from the hepatitis C virus 
nonstructural protein NS5A, acquires a broad-spectrum virocidal activity by 
disrupting model viral membranes in a size- and composition-dependent 
manner. Second, we demonstrate the ability of a a class of synthetic 



membrane-active amphiphiles in stabilizing positive curvatures, which inhibit 
viral entry. 

COLL 475 

Extracting quantitative information from molecular junction I-V 
characteristics using a compact analytical model 

C. Daniel Frisbie, frisbie@umn.edu. University of Minnesota, Minneapolis, 
Minnesota, United States 

One of the central challenges of molecular electronics is to establish clear 
connections between molecular structure, the ensuing electronic structure, 
and the current-voltage (I-V) characteristics of molecular junctions. In 
particular, the offset of the Fermi level relative to the appropriate frontier 
molecular orbital (HOMO or LUMO) and the electrode-molecule coupling 
strength (level width) are recognized as two main factors that determine the 
electrical properties of a typical molecular junction. We show that a compact 
analytical model derived by Ioan Baldea from the Landauer formalism 
provides a quantitative fit to the I-V data for a broad spectrum of molecular 
tunnel junctions and yields values of and that vary systematically with 
molecular structure and choice of electrode materials. Because of its 
simplicity, the model is readily accessible to the experimentalist and it is far 
superior to the commonly used Simmons model because it is based on 
appropriate physics (e.g., the correct electronic structure) and it provides far 
better fits to the I-V data. Furthermore, the model predicts the self-similarity of 
non-resonant tunnel junctions: upon appropriate renormalization, the I-V 
characteristics for a broad swath of molecular junctions collapse onto a 
universal curve, as could be expected. We will present transport data and 
theoretical analysis of tunnel junctions based on molecules such as 
oligophenylene dithiols, alkane dithiols, alkyl ether dithiols, and the 
corresponding monothiols – all with systematically varying lengths – and 
electrodes fabricated from Ag, Au and Pt metals. In all cases, we will 
emphasize that the compact analytical analysis facilitates structure-property 
correlations and a powerful physical organic chemistry approach to molecular 
electronics. 

COLL 476 

Impact of fluorinated alkanethiols with embedded dipoles on transport 
properties of EGaIn top contact devices and organic transistors 



Robert C. Bruce2, rob.c.bruce@gmail.com, Lin You3,4, Lisa A. Fredin1, Anja 
Förster5, Emily Bittle2, Doua Vang2, Sujitra Pookpanratana2, Olivia 
Pomerenk2, Christina A. Hacker2. (1) Chemical Sciences, Material 
Measurement Laboratory, National Institute of Standards and Technology, 
Rockville, Maryland, United States (2) Engineering Physics Division, National 
Institute of Standards and Technology, Gaithersburg, Maryland, United States 
(3) National Institute of Standards and Technology, Gaithersburg, Maryland, 
United States (4) Theiss Research, La Jolla, California, United States (5) 
Theoretical Chemistry, Technische Universität Dresden, Dresden, Germany 

Interfacial modification of surfaces with organic monolayers is a powerful tool 
to create dramatic changes in an electronic device. Recent synthetic work has 
shown the ability to selectively generate thiol terminated monolayers with 
fluorine atoms along an alkane backbone. The fluorine constituents generate 
strong dipole moments in the molecules, causing significant work function 
modifications of metallic surfaces when these molecules are prepared as self 
assembled monolayers (SAMs). Synthetic control of fluorine substitution 
ultimately can control the impact of this effect which can lead to controlled 
injection of holes and electrons from metals into other transport layers. 
Furthermore, we are able to attach fluorines solely along the backbone of 
these alkanethiols, allowing for an embedded dipole that does not modify the 
terminal CH3- group and thereby any surface interactions. 
 
In this talk, we investigate the impacts of selectively fluorinated alkanethiols 
on transport properties in electronic device settings. First, we look at the 
tunneling transport properties across the molecule itself. Utilizing eutectic 
gallium-indium (EGaIn) top contacts, we formed electrical devices with a 
variety of fluorinated alkanethiol SAMs on gold. While either the impacts of 
different terminal groups (CF3- vs CH3-) or the significant work function 
modifications of the gold electrode might be expected to dominate transport 
properties, we find that neither of these explain the experimentally observed 
transport trends in EGaIn junctions. We instead use computational analysis to 
point to other aspects of the chemical design of these molecules and how 
atomic substitution can bear a significant impact on molecular orbitals and 
thereby the transport across the molecules. 
 
Then, we will describe how these selectively fluorinated molecules impact 
transport between active layers. To study this, we measure the characteristics 
of rubrene field effect transistors using electrodes modified with fluorinated 
alkanethiol SAMs. We find that the alignment of the work function in the SAM 
modified electrode to the rubrene HOMO directly correlated to the current 



measured in each rubrene device. We ultimately show how the understanding 
gained from single molecule measurements alongside inclusion of other active 
transport layers can utilize molecular electronic principles to generate tunable 
properties in practical device settings. 

COLL 477 

Single-molecule conductance measurements in solutions and self-
assembled monolayers 

Michael S. Inkpen1, msi2109@columbia.edu, Zhenfei Liu4, Haixing Li1, Luis 
M. Campos2, Jeffrey B Neaton3, Latha Venkataraman1. (1) APAM, Columbia 
University, New York, New York, United States (2) Chemistry, MC3124, 
Columbia University, New York, New York, United States (3) Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (4) 
Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, 
California, United States 

The thiol (-SH) moiety has long been utilized across multiple disciplines for 
anchoring individual molecules to metal substrates or in preparing robust self-
assembled monolayers (SAMs). As the prototypical linker group for gold, the 
single-molecule conductance characteristics of various components 
functionalized with thiols – typically comprising phenyl (e.g. the Tour wires) or 
α,ω-alkane backbones – have been intensively studied by numerous groups. 
Such investigations have frequently yielded conflicting results, however, with 
studies often citing complicating factors such as the connectivity of the sulphur 
(binding at atop, hollow sites, etc), or the measurement of more than one 
molecule in each junction. Though a consensus has recently been reached for 
the conductance of 1,8-octanedithiol, several questions regarding the wide 
variety of results remain unanswered. We apply the scanning tunnelling 
microscope-based break junction technique to study the conductance of 
different components comprising thiol, thioether and thiolate linker groups, 
also characterizing SAMs using surface voltammetry and x-ray photoemission 
spectroscopy. We find significant differences between the single-molecule 
conductance of thiol-terminated molecules in solution and in SAMs, and 
propose a new model to explain our observations. This work helps to 
rationalize the inconsistent body of literature and offers new perspectives on 
the nature of the sulphur-gold bond in a SAM. 

COLL 478 



Electrostatic vs. quantum-mechanical coupling in self-assembled 
monolayers and its impact on ballistic transport through self-assembled 
monolayers 

Egbert Zojer, egbert.zojer@tugraz.at. Graz University of Technology, Graz, 
Austria 

Ballistic transport through individual molecules and through ordered 
monolayers are fundamentally different processes. A key to understanding 
those differences are collective electrostatic effects that arise from (ordered) 
assemblies of polar groups. State-of-the art ballistic transport simulations 
(often in conjunction with experiments) suggest that such polar groups can be 
incorporated intentionally into the SAM-forming molecules to switch the 
charge-transport polarity, to tune the transition voltage, to induce rectification, 
or to control the electronic coupling between the transmissive channels in the 
SAM and the electrodes. In fact, such collective electrostatic effects in SAMs 
are inevitable as a consequence of polar docking groups and bonding-induced 
interfacial charge transfer. In addition to the electrostatic coupling between 
neighboring molecules in a junction, also quantum-mechanical interactions 
are relevant. The interplay between the two effects can be best understood 
when considering transport through molecular clusters as intermediates 
between molecular and monolayer junctions. In order to separate the said 
coupling effects from other influences like, e.g., electrode roughness or 
molecular conformation, we here discuss clusters of various size in otherwise 
identical situations. In this way we find that overall, the impact of collective 
electrostatic effects dominates over quantum-mechanical interactions 
resulting in (i) a highly non-linear scaling of the current per molecule with 
cluster size and (ii) pronounced edge effects resulting in strongly varying 
currents through different parts of the cluster. Interestingly, the latter would 
also occur when only considering quantum-mechanical coupling, but the 
underlying energy landscape would be fundamentally different. 

COLL 479 

Synthesis and self-assembly in tunneling junctions comprising 
molecular switches 

Ryan C. Chiechi2,1, r.c.chiechi@rug.nl, Sumit Kumar2,1, Jochem van Herpt2,1, 
Régis Gengler1, Ben L Feringa2,1, Petra Rudolf1. (1) Zernike Institute for 
Advanced Materials, University of Groningen, Groningen, Netherlands (2) 
Stratingh Institute for Chemistry, University of Groningen, Groningen, 
Netherlands 



Organic Electronics exemplifies the versatility of organic chemistry in tuning 
electronic properties at the molecular level that translate into bulk, device 
properties; pushing frontier orbitals around moves energy levels in the 
condensed phase in a straightforward manner. But what about Molecular 
Electronics, in which molecule(s) span both electrodes? As electrons tunnel 
from one electrode the other, they interact with the electronic structure of the 
molecule(s) at the quantum level, enabling control over electrical output by 
manipulating individual atoms synthetically. Pushing frontier orbitals around, 
however, has little effect in such a junction because of the out-sized influence 
of the electrodes. The situation is further complicated when ensembles of 
molecules span two electrodes where they can not only communicate 
electronically, but are in sufficiently close proximity to undergo irreversible 
intermolecular reactions. Using self-assembled monolayers as templates to 
form tunneling junctions, we combe synthetic control over the electronic 
properties of tunneling junctions with control over the self-assembly process to 
optimize switching processes based on isomerization (function) while 
suppressing unwanted reactions (degradation). This talk will focus on our 
efforts to maximize the ratio of conductance switching, increase the lifetime of 
ensembles of molecular switches and use light and chemical inputs for 
orthogonal control over the switching process. 

 
 
Conductance-switching of tunneling junctions comprising mixed-monolayers of 
spiropyran-based switches 
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Superexchange tunneling: A lesson from nature 



Mostafa Baghbanzadeh1, m_baghbanzadeh@yahoo.com, carleen M. 
Bowers1, Dmitrij Rappoport1, Li Yuan1, Tomasz Zaba2, Piotr Cyganik2, Alán 
Aspuru-Guzik1, George M. Whitesides1. (1) Dep. of Chemistry and Chemical 
Biology, Harvard University, Cambridge, Massachusetts, United States (2) 
Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland 

Determining the relationship between the structure of the molecules that make 
up self-assembled monolayers (SAMs), and the shape of the tunneling barrier 
that these molecules generate, is an area of active research. Our studies have 
used a junction with the structure M/A-R-T//Ga2O3/EGaIn (where “A” is the 
group anchoring the molecules of the SAM to the metal “M”, “R” is the 
backbone of the molecule making up the SAM, “T” is the terminal group, and 
EGaIn is eutectic alloy of gallium and indium. For n-alkanethiolates, for 
example, A = S, R = (CH2)n, and T = CH3 or H, depending on the data being 
considered. Studies of a range of SAMs based on n-alkanethiolates with 
different terminal groups (both aliphatic and aromatic), and having the same 
overall length, have shown remarkably little variation in tunneling current, but 
the inclusion of groups capable of extended delocalization does lower the 
barrier to tunneling. 
This presentation focuses on the influence of the energy levels of backbone 
substituents with high-lying occupied orbitals on the height of the tunneling 
barrier and rates of charge transport. We will show the results of our recent 
studies on the replacement of methylene groups (−CH2−) by oxygen atoms 
and/or three methylene groups (−(CH2)3−) by amide bonds (−(NHCH2CO)−), 
and the influence of this substitution on the rate of charge transport. Through 
this presentation we will show how the presence of consecutive oxygen atoms 
and/or amide (−(NHCH2CO)n−) bonds in a molecule (e.g., oligoethylene 
glycols (OEG) and oligoglycines (Gly)) lowers the height of the tunneling 
barrier relative to length-matched n-alkanethiolates, and results in a decrease 
in the measured values of βand J0 (of the simplified Simmons equation). 
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Effect of heteroatom substitution on transport in alkane dithiol based 
molecular tunnel junctions: Evidence for universal behavior 

Zuoti Xie1, zuotixie@gmail.com, Ioan Baldea2, C. Daniel Frisbie1. (1) 
chemical engineering and materials science , University of Minnesota, 
Minneapolis, Minnesota, United States (2) Theoretische Chemie, Universität 
Heidelberg, Heidelberg, Germany 



The transport properties of molecular junctions based on alkane dithiols with 
three different methylene chain lengths were compared with junctions based 
on similar chains wherein every third -CH2- was replaced with O or S, i.e., 
following the general formula: HS(CH2CH2X)nCH2CH2SH, where X = CH2, O 
or S, and n = 1, 2, or 3. Conducting probe atomic force microscopy (CP-AFM) 
revealed that the low bias resistance of the chains increased upon substitution 
in the order CH2 < O < S. This change in resistance is ascribed to the 
observed identical trend in contact resistance, Rc, whereas the exponential 
prefactor β (length sensitivity) was essentially the same for all chains. Using 
an established, analytical single-level model we computed the effective 
energy offset εh (i.e., Fermi level relative to the effective HOMO level) and the 
electronic coupling strength Γ from the current-voltage (I-V) data. The values 
were only weakly affected by heteroatom substitution while the interface 
coupling strength Γ varied by over an order of magnitude. Consequently, we 
ascribe the strong variation in to the systematic change in Γ. Quantum 
chemical calculations reveal that the HOMO density shifts from the terminal 
SH groups for the alkane dithiols to the heteroatoms in the substituted chains, 
which provides a plausible explanation for the marked decrease in Γ for the 
dithiols with electron-rich heteroatoms. The results indicate that the electronic 
coupling and thus the resistance of alkane dithiols can be tuned by 
substitution of even a single atom in the middle of the molecule. Importantly, 
when appropriately normalized, the experimental I-V curves were accurately 
simulated over the full bias range (±1.5 V) using the single level model with no 
adjustable parameters. The data could be collapsed to a single universal 
curve predicted by the model, providing clear evidence that the essential 
physics is captured by this analytical approach and supporting its utility for 
molecular electronics. 
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Transition from direct to inverted charge transport Marcus regions in 
molecular junctions via molecular orbital gating 

Enrique del Barco2, delbarco@ucf.edu, Yuan Li3, Lejia Wang3, Alvar 
Rodriguez4, Marta Anguera Antonana2, Harshini Venkata Annadata3, Christian 
A. Nijhuis1,5. (1) chemistry, National University, Singapore, Singapore (2) 
Physics, University of Central Florida, Orlando, Florida, United States (3) 
Chemistry, National University of Singapore, Singapore, Singapore (4) 
University of Central Florida, Orlando, Florida, United States (5) Centre for 
Advanced 2D Materials and Graphene Research Centre, National Univesity of 
Singapore, Singapore, Singapore 



Solid-state molecular tunnel junctions are often assumed to operate in the 
Landauer regime, which describes essentially activationless coherent 
tunnelling processes. On the other extreme, Marcus theory is very successful 
in describing thermally-activated charge transfer processes in wet 
electrochemical environments. In practice, solid-state molecular junctions may 
behave in between these two extremes. Indeed, thermally activated transport 
phenomena are frequently observed in solid-state junctions but poorly 
understood. We will present experimental evidence for the transition from the 
Marcus to the inverted Marcus region in a solid-state molecular tunnel junction 
by means of intra-molecular orbital gating which can be tuned via the 
chemical structure of the molecule and applied bias. In the inverted Marcus 
region, charge transport is incoherent yet virtually independent of 
temperature. Our experimental results fit well to a theoretical model that 
combines Landauer and Marcus theories and have profound implications for 
the interpretation of widely used temperature-dependent charge transport 
measurements. 
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Directional plasmon launching from large-area molecular tunnelling 
junctions 

Christian A. Nijhuis, chmnca@nus.edu.sg. Chemistry, National University, 
Singapore, Singapore 

It has been well-known since the 1970s that tunneling junctions can excite 
surface plasmon modes which then can radiatively decay and emit a photon. 
The exact mechanisms behind plasmon excitation in tunneling junctions are 
not clear. I will discuss our recent progress in the development of molecular 
tunnel junctions based on self-assembled monolayers (SAMs) and how we 
apply them as electrical excitation sources of plasmons. By simply applying a 
bias between the top and bottom electrode, a tunnelling current will flow and 
the tunnelling charge carries excite surface plasmon polaritons in the gold 
electrode. Since the tunnelling rate, and the tunnelling direction, can be 
controlled via the molecular structure of the junctions, we have the ability to 
control the plasmonic properties of the junctions by both electrical and 
chemical means. I will discuss how we use these features to directionally 
launch plasmons by changing the tilt angle of the molecule. I will also discuss 
how these studies give new insights the dynamics of charge transport and 
intermittent light emission, and the shape of the electrostatic potential profile 
of the junctions. 
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Engineering colloidal semiconducting heteronanorods for solar energy 
conversion 

Shu-Hong Yu, shyu@ustc.edu.cn. University of Science and Technology of 
China, Hefei, China 

Steering the photo-induced charge-flow based on unique bandgap alignment 
in semiconductor heterojunctions is critical for photocatalysis applications. 
Thus, design rational synthesis approach to construct novel heterostructures 
for efficient band engineering is highly desired. Herein, we report our recent 
progress on design and synthesis of semiconducting metal sulfide 
heteronanostructures (-ZnS-CdS-ZnS-, Cu1.94S-ZnS) as well as ternary 
semiconductor-(semiconductor/metal) nanoarchitecture for solar energy 
conversion. Through using our synthesized unique ultrathin ZnS nanorods as 
the template, we further prepared a series of ternary multi-node sheath 
heteronanorods, realizing enhanced full-spectrum absorption and efficient 
charge separation for solar energy conversion. In addition, self-coupled 
Cu2−xS heteronanostructure polymorphs (Cu1.94S-CuS) can also be 
synthesized by a facile one-pot chemical transformation route, showing much 
enhanced photoelectrochemical performance. These emerging 
semiconducting heteronanostructures show promising application potential for 
solar energy conversion. 
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Direct imaging of single nanoparticle reaction dynamics using in-
situ liquid cell electron microscopy 

Xingchen Ye, xingye@indiana.edu. Indiana University, Bloomington, Indiana, 
United States 

Chemists have developed mechanistic insight into numerous chemical 
reactions by thoroughly characterizing non-equilibrium species. While 
methods to probe these processes are well-established for molecules, 
analogous techniques for probing intermediate structures in nanomaterials 
have been lacking. In this talk, I will share some recent advances on the direct 
imaging of single nanoparticle reaction dynamics using liquid cell electron 
microscopy. We study the shape evolution of individual faceted metal 
nanoparticles as they are oxidatively dissolved in a graphene liquid cell with a 
controlled redox environment. Short-lived, non-equilibrium nanocrystals are 



observed, structurally analyzed, and rationalized through Monte Carlo 
simulations. Understanding these reaction trajectories and their transient 
intermediates provides important mechanistic insight regarding nanocrystal 
reactivity and demonstrates the importance of developing tools capable of 
probing short-lived nanoscale species at the single particle level. 
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Shape-changing and motile colloidal assemblies: Sequence-encoded 
microbots and colloidal origami from patchy magnetic cubes 

Orlin D. Velev1, odvelev@ncsu.edu, Koohee Han1, C. Wyatt Shields1,2, 
Gabriel P. López3,2. (1) Chemical and Biomolecular Engineering, North 
Carolina State University, Raleigh, North Carolina, United States (2) 
Biomedical Engineering, Duke University, Durham, North Carolina, United 
States (3) Chemical and Biological Engineering, University of New Mexico, 
Albuquerque, New Mexico, United States 

This talk will present results on magnetic field driven assembly and 
manipulation of dynamic and active structures from shaped metallo-dielectric 
particles. We will discuss how magnetically responsive metallo-dielectric 
Janus microcubes can be assembled hierarchically into dynamically 
reconfiguring microclusters and chains. The microcubes are made by a 
photolithography process and one of their sides is coated with ferromagnetic 
Co layer. These assemblies can store energy through magnetic polarization of 
the metallic facets and release it on-demand by microscale reconfiguration. 
The reconfiguration is directed by the conformational shape restrictions of the 
neighboring microcubes. Thus, the pattern of folding and shape changes of 
the assemblies can be encoded in the sequence of the cube orientation. Such 
structures can be directionally moved, steered, and maneuvered by external 
magnetic fields. We will provide examples of assemblies of specific 
sequences that can be actuated to perform microscale operations such as 
capturing and transporting live cells, acting as prototypes of microbots, 
micromixers, and other active microstructures. Such reconfigurable clusters 
can also be designed to be self-motile in media with non-Newtonian rheology 
when actuated with an asymmetric magnetic signal. We analyze the dynamics 
of these active structures under different propulsion conditions and suggest 
means of controlling the motility in in different directions by means of both 
particle sequence and signal shape. 
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Self-organization of silica colloidal particles confined in water-in-oil 
droplets 

Wei Sun2, 18741354180@163.com, Sheng-Li Chen1, Mingri Xu2, Yaqian 
Wei2, Ting-ting Fan2, Guimei Yuan2. (1) China University of Petroleum, 
Beijing, China (2) Chemical Engineering, China University Of 
Petroleum(Beijing), Bei Jing, China 

Aggregates of colloid particles has been always a focus in many researchers’ 
eyes due to their unique properties of optics, amphipathy, anisotropism and 
magnetism. Controlling morphology and structure of these aggregates at sub-
micrometer and micrometer scales was also an extreme aspiration for several 
researchers. Up to now, there have been a lot of smart techniques for 
preparation of colloidal aggregates with various structures and morphologies, 
such as, micropipette injection, soft microfluidic device and spray drying. 
In this present work, a variety of aggregates with different structures and 
morphologies were fabricated by self-assembly of silica colloidal particles 
confined in water-in-oil droplets. The Water-in-oil droplets containing 
monodisperse or bidisperse silica particles were produced by ultrasonic 
dispersion of mixture of silica sol and different organic solvents. Controlling of 
morphology and structure was simple and facile in this method. 

 



 
 
Various morphologies and structures of silica aggregates 
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Silicon nanocrystals 

Brian A. Korgel, korgel@che.utexas.edu. University of Texas at Austin, 
Austin, Texas, United States 

This talk will cover three aspects of silicon (Si) nanocrystals: (1) their use as 
two-photon absorbers for fluorescence lifetime imaging microscopy (FLIM); (2) 
carrier multiplication in Si quantum dots induced by energy transfer from a 
light-absorbing chromophore; and (3) a new high pressure phase of Si 
observed in superlattices under pressure. Si nanocrystals and fluorescent 
dyes with emission in the same spectral region can be distinguished with 



fluorescence lifetime imaging microscopy (FLIM) since Si nanocrystals have 
fluorescence lifetimes on the order of tens of microseconds—much longer 
than those of fluorescent dyes. We show that spectral and temporal 
multiplexing using two-photon excitation at 800 nm of two fluorescent dyes 
(one blue emitting and one red emitting) and Si nanocrystals can be used to 
visualize the colocalization of the emitters within mouse macrophage cells. 
Chromophores, such as pyrene, can be attached to Si nanocrystals to 
enhance their light absorption. Transient absorption spectroscopy (TAS) of 
pyrene-modified Si nanocrystal quantum dots shows that the exciton 
population dynamics of the nanocrystal core is consistent with efficient carrier 
multiplication (CM). We observed that the Si nanocrystals modified with 
pyrene chromophores had exciton population decay times that were 20 ps 
longer than those without the chromophores, which we explain is consistent 
with CM induced by energy transfer from the pyrene unit to the Si nanocrystal 
core. We have also observed a new high pressure phase of Si during the 
pressurization of Si nanocrystal superlattices in a diamond anvil cell. The new 
Si phase has a diatomic BCC structure with a lattice constant of 4.10 Å at 9.5 
GPa. Our experiments suggest that Si nanocrystals change from diamond 
cubic structure to diatomic BCC at ~8 GPa, prior to their transition to β-Tin at 
~13 GPa. We attribute the appearance of the new diatomic BCC high 
pressure phase to the uniaxial compression generated in the ordered 
nanocrystal superlattices.  
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Ultra-photostable lead chalcogenide giant quantum dots: A case study 
in materials-by-design 

Jennifer A. Hollingsworth1, jenn@lanl.gov, Han Htoon1, Christina Hanson1, 
Ajay Singh1, Sachi Krishnamurthy1, Zhongjian Hu1, Amanda E. King2, Andrei 
Piryatinski3. (1) Center for Integrated Nanotechnologies, Los Alamos National 
Lab, Los Alamos, New Mexico, United States (2) International Threat 
Reduction, Los Alamos National Lab, Los Alamos, New Mexico, United States 
(3) Theoretical Division, Los Alamos National Lab, Los Alamos, New Mexico, 
United States 

Toward truly photostable infrared emitting quantum dots (QDs), we have 
adapted the “giant” or thick-shell structural motif to the notoriously 
environmentally sensitive lead chalcogenide nanocrystal systems. Access to 
robust QD single-photon emitters in the telecommunications windows is a key 
step toward telecom-wavelength photons for quantum information science and 
technology. Significantly, we show that single-QD stability is a strong predictor 



of operational stability in bulk light-emitting devices. To impart this new single-
QD and device level photo-oxidative stability, we sequentially apply two 
distinct shell-growth techniques to overcoat the QD cores with sufficiently thick 
cadmium chalcogenide shells with minimal loss of core integrity. The new 
stability is evidenced at the single-dot level by suppression of photobleaching 
and blinking behaviors and, simply, by our ability to conduct imaging and 
spectroscopy at room-temperature of single nanocrystals using conventional 
techniques. At the device level, we find shell-thickness dependent emission 
stability for operation at elevated temperatures that mimics the stability trends 
observed at the single-dot level. These systems are also a prime example of 
structure-dictating-function, as the crystal structure of the shell (cubic zinc-
blende or hexagonal wurtzite) plays a principal role in determining their 
photoluminescence properties, with only cubic nanocrystals being sufficiently 
bright and stable to be observed as single emitters. Moreover, we find that 
crystal structure and particle shape (cubic, spherical, or tetrapodal) and, 
thereby, emission properties can be synthetically tuned by choice of reactants. 
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Tunable amorphous photonic materials with pigmentary colloidal 
nanostructures 

Yong Han1, han5@llnl.gov, Jinkyu Han1, Elaine Lee2, Andrew Pascall2, 
Joshua Kuntz1, Marcus A. Worsley1. (1) Materials Science Division, Lawrence 
Livermore National Laboratory, Livermore, California, United States (2) 
Materials Engineering Division, Lawrence Livermore National Laboratory, 
Livermore, California, United States 

Amorphous photonic structures exhibit interesting optical properties such as 
non-iridescent angle-independent structural colors and isotropic photonic 
band gaps. Here, we demonstrate colloidal assemblies of engineered 
amorphous photonic materials, using pigmentary α-Fe2O3/SiO2 core/shell 
nanoparticles, exhibiting non- iridescent and tunable colors. The observed 
colors result from combination of colloidal particle arrangements, giving arises 
to the structural colors, along with the inherent pigmentary color of the α-
Fe2O3/SiO2 nanoparticles. Colloidal particle assemblies of α-
Fe2O3/SiO2 core/shell nanoparticles, and therefore the resulting colors, can be 
manipulated by shell thickness, particle concentration and external electrical 
stimuli. α-Fe2O3/SiO2 nanoparticles based amorphous photonic structures 
exhibit short-range order on a length scale comparable to optical wavelengths 
and are weakly correlated to each other, as confirmed by ultra-small-angle X-
ray scattering measurements. Dynamic tunability of α-



Fe2O3/SiO2nanomaterials in the visible wavelengths is demonstrated using 
electrophoretic deposition process with a noticeable difference between 
transmitted and reflected colors. 
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Building blocks for the assemble of nanostructures 

Tina Gschneidtner, tina.a.gschneidtner@gmail.com. Department of 
Chemistry and Chemical Engineering, Chalmers University of Technology, 
Göteborg, Sweden 

The natural world and many man made technologies are driven by self-
assembly, involving the autonomous organization of individual components as 
a result of specific local interactions into functional structures. Self-assembly 
is a platform from which to construct materials with a high complexity, in high 
precision, with an inbuilt error-correction system due to its dynamic nature. 
For example, in nature this principle allows us to encode our genome by the 
controlled opening and closing two stands of DNA. In addition, linear protein 
chains fold into elaborate 3D structures for specific functions, cells assemble 
and divide for example into embryonic tissue and form the basis of 
reproduction. In fact, all these biological components have a high degree of 
organization owing to specific interactions at molecular level. The principle of 
self-assembly is also used in technology for example for drug delivery through 
liposomes made out of lipid bilayers to carry the drug through membranes to 
reach specific tissues. But also future computer based technology may need 
ordered arrays of molecules, such as rotaxanes. Rotaxanes for example 
assemble and switch between two states, which is a promising step towards 
future molecular-based computers. Indeed, society is in a demand for more 
powerful computers and therefore its working components ideally need further 
miniaturization. 
 
Our work is focusing on different aspects of the self-assembly. The molecular 
level, the design of new molecules for the self-assembly on surfaces. We 
designed several molecules and dyes, such as terpyridines, rhodamines and 
photolabile molecules, which assemble on metal surfaces. Another aspect is 
the testing and evaluating for possible application, such as in biosensing on 
surfaces with photolabile compounds. Furthermore, the complex strengths of 
osmium cations and terpyridin was determined using terpyridine molecules 
assembled on an AFM tip and on a metal surface. Moreover, a plasmon-
exciton hybrid was observed by assembling rhodamine dyes on metal 
nanostructures. Spectral dips in the scattering spectrum appear due to strong 



coupling between the molecule and the metal. A third aspect of this work was 
the synthesis of nanoparticles and its assembly into discrete aggregates such 
as dimers using different approaches, such as molecular linkers or 
electrostatic interaction. Heterodimeric NPs were tested in hydrogen uptake 
experiments on individual particles. 
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Direct assembly of nanoparticle arrays by electrophoretic deposition 

Paul Mulvaney, mulvaney@unimelb.edu.au. School of Chemistry, University 
of Melbourne, Parkville, Victoria, Australia 

A crucial challenge in nanotechnology is bottom-up assembly of nanoscale 
materials. For many optical and electronic applications, it is necessary to 
address a single nanocrystal. However, positioning single nanocrystals with 
nanometre precision on a substrate for integration into solid state devices, or 
construction of metamaterials, remains a fundamental challenge. Here, we 
show single nanoparticle assembly through electrophoretic deposition. Gold 
nanospheres, down to 30 nm, and gold nanorods can be assembled into 
predefined patterns on transparent conductive substrates within seconds. The 
arrays of nanorods shows that rod orientation can also be preserved during 
deposition. As an example of this, dimer nanorod arrays were assembled with 
separations of down to 50 nm. Furthermore, we demonstrate the scalability 
and fidelity of the process by creating a centimetre scale “Au” logo containing 
more than 1 million gold nanoparticles. 

 



 
 
Polarization dependent optical properties of a gold nanorod array. (a) Schematic 
of reflective dark-field microscope attached with polarizer. (b) The scattering 
spectrum of single gold NRs under different polarization angles. (c) Dark-field images 
of gold NRs array under 0 and 90 degree polarization angles. (d) Overall intensity 
changes of a line of gold NRs for different polarization angles. 
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Designing nanoparticles for ultrasensitive biosensing 

Molly Stevens, m.stevens@imperial.ac.uk. Department of Materials and 
Department of Bioengineering, Imperial College London, London, United 
Kingdom 

Nanomaterials hold tremendous potential to aid in the development of devices 
for early disease detection. This talk will cover our most recent work 
developing plasmonic and quantum dot based nanoparticles for biosensing. 
Applications will be demonstrated ranging from the early diagnosis of cancer 
recurrence to infectious disease detection (e.g. Ebola) in the field in Africa at 
the point of care. 
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Sedimentation of nanocrystals in different solvents studied by analytical 
ultracentrifugation 

Paul Mulvaney, mulvaney@unimelb.edu.au. School of Chemistry, University 
of Melbourne, Parkville, Victoria, Australia 

Analytical Ultracentrifugation (AUC) is frequently used to determine the 
particle sizes of nanocrystals and biological objects such as proteins. We 
report on the effects of particle size, particle shape and ligand length on the 
sedimentation speed of nanocrystals. Combining diffusion coefficients and 
sedimentation speed allows almost unambiguous determination of the 
hydrodynamic size of the particle. 
 
However, we show that ligands introduce complexities into the analysis that 
render particle size determination more complex than traditionally assumed. 
Ligand solvent interactions play a strong role in these systems and determine 
the colloid stability. Solvent intercalation is found to be strongly size 
dependent. In the cases where the core particle size and density are known a 
priori, it becomes possible to use AUC to study the ligand density and length 
around the nanocrystals. 
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Gold nanorods: Can we still do better? 

Luis Liz Marzan, llizmarzan@cicbiomagune.es. CIC biomaGUNE, Donostia - 
San Sebastian, Spain 



Although seeded-growth methods have made available to us an extensive 
library of anisotropic metal nanoparticles, the chemical complexity of the 
growth solution, often involving organic additives, and the structural instability 
of the seeds hinder the quest for high quality products. For the sake of 
synthetic simplicity, merging different synthetic protocols by finding common 
growth routes, is a mandatory step to reach a universal growth mechanism 
and reproducible fabrication. This communication will introduce two recent 
discoveries, related to improving the optical quality of both pentatwinned and 
single crystal gold nanorods. 
We recently demonstrated that a thermal treatment of small seeds results in 
extensive twinning and a subsequent drastic yield improvement (>85%) in the 
formation of different types of pentatwinned nanoparticles, including nanorods, 
with a high monodispersity and tunable aspect ratio. 
On the other hand, although single crystal Au nanorods can be readily 
obtained with very high quality directly from optimized seeded growth 
methods, polydispersities below 10% are still difficult to reach, which leads to 
some broadening of the longitudinal LSPR band. We show here that 
irradiation with a femtosecond laser, at selected conditions of fluence and 
surfactant concentration, may lead to significant narrowing of the LSPR band, 
even to the limit of the single particle, as calculated from theoretical models, 
meaning pure “optical monodispersity”. 
All together, these results represent a paradigm shift in anisotropic gold 
nanoparticle synthesis. 
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Tableting nanoparticle reagents to simplify diagnostic processes 

Warren Chan, warren.chan@utoronto.ca. Institute of Biomedical Engineering, 
University of Toronto, Toronto, Ontario, Canada 

Medical diagnostic assays provide exquisite sensitivity and precision in the 
diagnoses of patients. However, these technologies often require multiple 
steps, skilled technicians, and facilities to store heat-sensitive reagents. Here, 
we developed a high-throughput compression method to incorporate different 
assay components into color-coded tablets. With our technique, premeasured 
quantities of reagents can be encapsulated in compressed tablets. We show 
that tableting stabilizes heat-sensitive reagents and simplifies a broad range 
of assays, including isothermal nucleic acid amplifi cation techniques, 
enzyme-based immuno-assays, and microbead diagnostics. To test the 
clinical readiness of this tableting technology, we show the ability of tableted 
diagnostics for screening hepatitis B-positive patient samples. Our 



development simplifies complicated assays and the transportation of reagents 
and mitigates the need for refrigeration of reagents. This advances the use of 
complex assays for use in remote areas with limited infrastructure. 
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Synergizing nanoproperties for effective cancer nanomedicine 

Youqing Shen, shenyq@zju.edu.cn. Chem Biological Eng Dept, Zhejang 
University, Hangzhou, China 

The cancer drug delivery process is a cascade of five steps consisting 
of Circulation in blood, Accumulation and Penetration in the tumor, 
cellular Internalization and intracellular drug Release, termed as 
a CAPIR cascade. Thus, the key to realizing high therapeutic efficiency of a 
nanomedicine is to maximize its each step efficiency, which is determined by 
the carrier’s nanoproperties, i.e., Size, Surface and Stability properties 
(3S nanoproperties). Thus, the utmost challenge of designing cancer 
nanomedicine is how to engineer the carriers’ functions to gain all the needed 
3S nanoproperties. Herein, I will present our molecular designs of polymers to 
fabricate self-adaptive nanocarriers for such 3S nanoproperties to achieve 
high therapeutic efficacy. 



 
 
Figure 1. Summary of the CAPIR cascade of cancer drug delivery, and the needed 
requirements and the 3S nanoproperties for a nanomedicine to effectively accomplish 
each CAPIR step. 
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Scanning probe block copolymer lithography as a route to combinatorial 
nanoscience 

Chad A. Mirkin, chadnano@northwestern.edu. Chemistry, Northwestern 
University, Wilmette, Illinois, United States 

Multicomponent nanoparticles are important in many fields, including 
catalysis, magnetics, plasmonics, and electronics, due to the chemical and 
physical properties that arise from the interactions between their components. 
The optimization of nanoparticles with desired functionalities requires the 
development of platforms for systematically studying a broad spectrum of 
compositions and structures. Combinatorial screening is a common strategy 
to establish such a composition-structure-function relationship. To achieve this 
goal, we developed scanning probe block copolymer lithography (SPBCL), a 
technique that allows one to generate nanoreactors consisting of polymers 



loaded with metal precursors, which upon thermal treatment can be converted 
into nanoparticles with sub-nm resolution. This technique has been 
successfully used to synthesize single metal, metal oxide, alloy, and 
heterostructured nanoparticles composed of metals including Au, Ag, Pd, Pt, 
Ni, Co, Fe, and Cu. When combined with polymer pen lithography (PPL), a 
high-throughput cantilever-free patterning technique that utilizes an 
elastomeric pen array with millions of pens, combinatorial libraries of 
nanoparticles can be made by varying the ink composition across a 1-million-
pen array. The synergy between SPBCL and PPL allows an innovative and 
robust solution to synthesize new nanoparticles over large areas, which 
enables the rapid screening of the properties of multicomponent 
nanoparticles. This novel approach lays the foundation for generating new 
combinatorial libraries of materials, where scale, in addition to composition 
becomes an important library parameter. 
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Hedgehog particles 

Nicholas Kotov, kotov@umich.edu. University of Michigan, Ann Arbor, 
Michigan, United States 

Particles disperse best in solvents of similar hydrophobicity. This is commonly 
known as the similarity rule or “Likes dissolve Likes”. In order to counteract 
strong van der Waals and other attraction forces between hydrophobic 
particles in water or hydrophilic particles in oil their surfaces are typically 
coated with surfactants that impart affinity to the solvents and increase 
interparticle repusion but such layers are dedrimental for catalytic and 
biological properties. Hedgehog particles comprised from micron-scale core 
and stiff nanoscale spikes are possible to disperse in phobic solvents without 
any surfactant “camouflage” . Attractive forces between such particles are 
markedly decreased due to small contact area of spiky non-penetrating 
surfaces. Dispersions of hydrophilic and hydrophobic hedgehog particles in 
hexane and water, respectively, as well as other solvents were obtained. 
Futhermore, ZnO needdles exhibit catalytic properties in organic media when 
traditional dispersions are unstable or catalytically inactive. 
 
Using the the toolbox of self-organization, hedgehog particles with complex 
geometry comprising from mesoscale core and nanoscale spikes can be 
synthesized in a one step process by self-assembly of FeSe2 nanoparticles. 
Size distribution of the mesoscale hedgehogs is 3.8% indicating self-limited 
mechanism of the assembly. Molecular dynamics simulation indicates that the 



primary FeSe2 particles have mobile edge atoms and asymmetric basal 
surfaces. Semiconductor nature of FeSe2 hedgehogs enables their utilizations 
in catalysis, drug delivery, optics, and energy storage. 

COLL 500 

Solvent-induced reversible self-organization of plasmonic nanoparticles 
in confined spaces 

Marek Grzelczak1,3, grzelczak.marek@gmail.com, Ana Sanchez-Iglesias2, 
Nathalie Claes4, Sara Bals4, Luis Liz Marzan2,3. (1) Donostia International 
Physics Center, Donostia - San Sebastian, Spain (2) CIC biomaGUNE, 
Donostia - San Sebastian, Spain (3) Ikerbasque, Basque Foundation for 
Science, Bilbao, Spain (4) University of Antwerp, Antwerp, Belgium 

Reversible aggregation of plasmonic nanoparticles is an exciting tool for the 
implantation of the colorimetric signal transduction under an external stimulus. 
The real challenge is the experimental control over discrete particles 
aggregation without the risk of bulk precipitation. Here, we present a strategy 
for reversible aggregation of nanoparticles in confined space through 
hydrophobic interactions. Polystyrene-stabilized gold nanoparticles are 
encapsulated within a hollow capsule of mesoporous silica. Experimentally 
controlled diffusion of a solvent (THF or water) through the radial pores in 
silica capsules allows for reversible particles aggregation in confined spaces. 

 



 
 
Reversible aggregation in confined space. UV-Vis-NIR spectra of the capsules in THF 
and water showing a drastic broadening of localized surface plasmon band. Cyclic 
aggregation and disaggregation with fully recovered optical properties. 

COLL 501 

Multiplex functions of DNA functionalized gold nanoparticles 

Maria-Eleni Kyriazi2, Afaf El-Sagheer3, Tom Brown3, Otto 
Muskens1, Antonios Kanaras2, antoniskan@gmail.com. (1) University of 
Southampton, Southampton, United Kingdom (2) Physics and Astronomy, 
Institute for Life Sciences, University of Southampton, Southampton, United 
Kingdom (3) Chemistry, University of Oxford, Oxford, United Kingdom 

Nanoparticles are important because they facilitate the development of 
advanced nanoprobe designs that have the potential to accommodate various 
properties and functions. For example by tailoring nanoparticle morphology 
and chemical composition one can develop systems with controlled thermal, 
optical or magnetic properties. On the other hand, the careful selection of 
ligands attached to the nanoparticle surface, parameters such as nanoparticle 
stability, targeted ability and selectivity can be controlled. 
 
In this presentation I will discuss recent progress in our group concerning the 



development of DNA-coated gold nanoparticles that can sense specific 
messenger RNAs related to the epithelial to mesenchymal transition biological 
process and simultaneously release drugs with high specificity. 

COLL 502 

Controllable hydrophobicity of gold nanoparticles coated with 18-
CROWN-6-C-SH 

Alex P. Hill, alexhill07@hotmail.co.uk, Mathias Brust. Department of 
Chemistry, University of Liverpool, Liverpool, United Kingdom 

Gold nanoparticles (AuNPs) have become important functional materials with 
a broad range of applications chiefly due to their optical properties, 
biocompatibility and catalytic activity. Particle agglomeration resulting in 
plasmon coupling and corresponding dramatic colour change can readily be 
exploited to create simple and highly sensitive colorimetric test formats for 
analytical or diagnostic purposes. In recent years, a plethora of chemical and 
physical stimuli that can trigger the agglomeration of AuNPs have been 
identified including light, pH, metal ions and temperature. Here we present the 
development of two different sizes of gold nanoparticles (3 and 7.5nm) coated 
with a 18-crown-C-SH moiety which imbues the particles with its unique hole-
size cation-diameter properties, allowing for the control of their hydrophobicity 
by changing the concentration of KCl present within solution. This results in a 
controllable phase transfer behaviour in immiscible liquid-liquid systems, and 
also leads to entropically driven reversible agglomeration from aqueous 
dispersion. The transition temperature for the latter process can also be 
controlled by complexing the crown ether with the corresponding cation. 
These processes were monitored by multiple analytical techniques such as: 
Direct video recording, UV-Vis, TEM, DLS and Zeta potential. It is hoped that 
with further work these particles could prove useful in allowing the transfer of 
both electrons and cations across bi-lipid membrane interfaces, as an artificial 
mimic to natures standard methods of membrane transport. 

 



 

COLL 503 

Experimental and computational development of single source 
precursors to Sn-Ge nanocrystals 

Javier Vela, vela@iastate.edu, Miles A. White, Himashi Andaraarachchi. Dept 
of Chem, Iowa State University, Ames, Iowa, United States 

Elemental germanium has a small indirect band gap (0.66 eV) and a large 
Bohr radius (24 nm), which enables tunable light absorption and emission 
through quantum confinement. Near infrared active Ge nanocrystals are 
promising quantum dot fluorophores for energy conversion, biological 
imaging, and telecommunications applications. However, Ge has an indirect 
band gap, which decreases its optical value and performance. Prior literature 
studies indicate that doping germanium with tin (up to 6%) may result in a 
direct band gap material. A robust and facile approach for the synthesis of Sn-
Ge nanocrystals is needed. Utilizing Sn-Ge single source precursors as a 
research platform, we computationally and experimentally investigate the 
relationship between molecular structure and bonding energetics of the 
precursor and the observed size, morphology, and heterostructuring of the 
synthesized Sn-Ge nanocrystals. 

  



COLL 504 

Phase control in the synthesis of metal sulfide nanocrystals 

Janet Macdonald, janet.macdonald@vanderbilt.edu, Jordan Rhodes, Alice D. 
Leach. PMB 351822, Vanderbilt University, Nashville, Tennessee, United 
States 

To date, there has been little control over the phase the results in nanocrystal 
synthesis, and synthetic achievements have been more serendipitous rather 
than deliberate. Our goal is to learn the synthetic principles needed to gain 
phase control in nanocrystal synthesis. Two recent research foci will be 
presented along this vein. 
Organosulfur precursors can be chosen carefully to tune the crystalline 
phases that results in synthesis if iron sulfides. There is a correlation between 
the sulfur content of the resultant phase with C-S bond strength of the 
organosulfur reagent. However, our evidence also shows that sometimes 
unique organic transformations that occur at the elevated temperature of the 
nanocrystal synthesis also influence phase. Diallyl disulfide, in particular, 
undergoes allylic rearrangements in oleylamine to produce persulfide units, 
directly synthesizing FeS2 pyrite. 
Cation exchange can be used to produce metastable wurtzite-type phases of 
the mixed copper sulfides, especially as CuInS2. Cation exchange is a known 
method for obtaining metastable phases as the anion sublattice retained in the 
reaction. While the wurtzite phase of CuInS2 can be formed from cation 
exchange of In3+ into hexagonal Cu2S, the opposite is not true. The result of 
cation cation exchange of Cu+ into hexagonal In2S3 results in a massive anion 
rearrangement and the formation of the thermodynamically favored 
chalcopyrite CuInS2. 

COLL 505 

Multicomponent hollow transition metal oxide nanoparticles: structure-
property correlation 

Elena Shevchenko, eshevchenko@anl.gov. Argonne National Lab, Lemont, 
Illinois, United States 

Amorphous structures enriched with under-coordinated sites and defects are 
expected to reveal a promising performance in electrocatalysis and energy 
storage applications. We utilized Kirkendall effect to synthetize 
multicomponent polycrystalline, highly disordered hollow nanoparticles (NPs) 



that demonstrated promising performance in electrocatalytic oxygen evolution 
reaction and Li-ion batteries. Using real-time in situ synchrotron quick-
scanning X-ray absorption spectroscopy we revealed a new doping 
mechanism that can be applied to synthetize highly doped and mixed 
transition metal oxide nanoparticles. The mechanism is based on the 
internalization of the dopant atoms adsorbed at the nanoparticle surface into 
the lattice of oxide via the mass flow of the host material caused by oxidation. 
As a result, simple surface modification of transition metal nanoparticles with 
different type of transition metal cations followed by oxidative annealing 
allowed synthesis of oxide structures that demonstrated enhanced capacity 
toward storage of Li-ions and current density of 10 mA/cm2 at 0.30 V 
overpotential in oxygen evolution reaction. The performance of nanoparticles 
prepared via oxidation induced doping has been compared with the 
performance of nanoparticles of similar compositions synthetized via classical 
direct synthesis. 

COLL 506 

Hierarchical chirality in inorganic nanocrystals and their superstructures 

PengPeng Wang, ppwang@umd.edu, Shang-Jie Yu, Min Ouyang. Physics 
Department, University of Maryland, College Park, College Park, Maryland, 
United States 

Hierarchical chirality phenomena extensively exist in biomaterials via intra- 
and inter-molecular interactions, but the study of inorganic materials has been 
lacking. In this talk, I will present our recent work on chiral inogranic 
nanostructures.We have found the cooperative chirality in colloidal HgS 
nanocrystals that originates from chirality interplay between atomic lattice and 
geometric morphology at different length scales. A bottom-up synthetic 
scheme has been developed to precisely engineer critical parameters of these 
two types of handedness in nanocrystals. Furthermore, the preformed chiral 
nanocrystals can be employed as building blocks, achieving collinear chain 
and propeller superstructures. An electromagnetic model with the finite 
element method has been adopted to elucidate hierarchical chirality in above 
systems, showing excellent agreement with experimental chiroptics. Our study 
enables an emerging class of inorganic nanostructures with tailored chirality 
that is important for fundamental understanding of nanoscale chirality as well 
as wide-ranging applications based on inorganic chiroptical building blocks. 

 



 
 
Chiral nanocrystals showing mirror images 

COLL 507 

Chemically tunable 2-dimensional layered silicon telluride, Si2Te3 

Kristie J. Koski, koski@ucdavis.edu. Chemistry, University of California 
Davis, Davis, California, United States 

Two-dimensional layered materials exhibit an endless array of exploitable 
chemical effects. These materials possess a series of layers zero to five 
bonds thick separated by van der Waals gaps, which can play host to 
intercalant guests providing a chemical route for optoelectronic tunability.  
 
Among 2D materials, one that offers the greatest promise for chemical and 
processing compatibility with silicon-based systems is silicon telluride (Si2Te3). 
Silicon telluride is a unique p-type semiconductor with a visible 
photoluminescence peak. In this talk, we report several synthesis techniques 
to grow high-quality single-crystals of 2D layered silicon telluride using 
colloidal and vapor-phase routes. We show that Si2Te3 can be grown in 
multiple morphologies as platelets, nanowires, and as colloidal nanoparticles. 
We show that the optoelectronic properties of silicon telluride can be 
chemically tuned through intercalation and doping. Chemical control of this 2D 
material offers much promise for the future of Si2Te3 as a silicon-based 2D 
chalcogenide. 



COLL 508 

Modeling the growth of transition metal dichalcogenide 

Henry Chan, hchan@anl.gov, Mathew Cherukara, Badri Narayanan, 
Subramanian Sankaranarayanan. Argonne National Laboratory, Lemont, 
Illinois, United States 

Transition metal dichalcogenide (TMD) are novel nanomaterials that can 
behave like conductors, semiconductors, or insulators depending on the type 
of transition metal used. With a thickness as small as 3 atoms and size 
dependent properties, TMDs have a great potential in applications such as 
flexible and wearable electronics. Despite the early discovery of TMDs and 
their synthesis via vapor deposition, fundamental understanding on their 
growth mechanisms remains largely unknown, which hindered the preparation 
of these materials on a larger scale. Here, we take tungsten diselenide as an 
example to demonstrate the use of a machine learned reactive model to 
perform large scale molecular dynamics simulations of their growth. The 
results provide structural information of 2D TMDs evolved under different 
vapor deposition conditions. Furthermore, we performed analysis on the 
resulting structures as well as other multi-layered structures to investigate 
their mechanical behavior. 

COLL 509 

Precise size control of CsPbX3 perovskite quantum dots via 
thermodynamically controlled synthesis 

Yitong Dong, Tian Qiao, Dong Hee H. Son, dhson@chem.tamu.edu. Dept of 
Chemistry, Texas A M University, College Station, Texas, United States 

Cesium lead halide (CsPbX3) nanocrystals have emerged as a new family of 
material that can outperform the existing semiconductor nanocrystals from 
their superb optical and charge transport properties. However, the lack of the 
robust method producing quantum dots of controlled size with high ensemble 
uniformity has been a major roadblock to the exploration and utilization of the 
properties confined exciton in CsPbX3. We developed a new synthesis 
method enabling the precise control of the size in quantum-confined regime 
based on thermodynamic control of the reaction, which are universally 
applicable to CsPbX3 system with X=Cl, Br and I. Because of the 
thermodynamic nature of the control, the control and uniformity of the size is 
very insensitive to the variation of the experimental parameters affecting the 



growth kinetics. The high level of size control enabled obtaining ensemble PL 
at room temperature nearly indistinguishable from single-particle PL, 
demonstrating extremely high size uniformity. The presentation will also 
discuss the plausible mechanism of the size control. 

COLL 510 

Blue electrogenerated chemiluminescene from halide perovskite 
nanocrystals 

Yiliyasi Wusimanjiang2, ywusimanjiang@ua.edu, Victoria Arau3, jeetika 
yadav1, Shanlin Pan1. (1) Department of Chemistry, The University of 
Alabama, Tuscaloosa, Alabama, United States (2) University of Alabama, 
Tuscaloosa, Alabama, United States (3) Gordon College, Wenham, 
Massachusetts, United States 

Hybrid organometallics are of great interest for potential applications in 
photovoltaics and optoelectronic devices because of their high absorption 
coefficient, high photoluminescence (PL) quantum yield with narrow full width 
at half-maximum, and their broad optically tunability. In this study, generation 
of blue electrogenerated chemiluminescence (ECL) from perovskite 
nanocrystals (PNC), CH3NH3PbCl1.08Br1.92, is demonstrated and the possible 
ECL generation mechanism will be discussed. Blue ECL signal can be 
generated at around 1.8 V and reached the maximum intensity at 2.3 V on a 
glassy carbon electrode while tri-n-propylamine (TPrA) used as a co-reactant 
in dichloromethane. The blue ECL spectrum is consistent with the PL 
spectrum. The blue ECL spectrum of CH3NH3PbClxBr3-x at 470 nm can be 
tuned to 500 nm and 532 nm by varying the chemical structure and particle 
sizes of PNC. Fluorescence image and dynamics of single PNC particles will 
also be presented in this talk.  

COLL 511 

Wafer scale synthesis of semiconducting SnO monolayers from 
interfacial oxide layers of metallic liquid tin 

Torben Daeneke1, torben.daeneke@rmit.edu.au, Richard B. Kaner2, Kourosh 
Kalantar-zadeh1. (1) RMIT University, Melbourne, Victoria, Australia (2) Dept 
of Chem Biochem, Box 951569, Univ of California, Los Angeles, California, 
United States 



Atomically thin semiconductors are one of the fastest growing research fields 
in materials science due to their emerging applications in high-performance 
electronics and optics. Furthermore, confinement of the semiconductor within 
two dimensions leads to unique phenomena and allows tuning the materials 
properties. The synthesis of large area two dimensional (2D) materials 
remains as a significant technological challenge. Here we report a method 
that allows harvesting centimetre sized monolayer semiconducting stannous 
oxide (SnO) from the interfacial oxide layer of liquid tin. The method takes 
advantage of van der Waals forces occurring between the interfacial oxide 
layer and a solid substrate that is brought into contact with the molten metal. 
Due to the liquid state of the metallic precursor, the surface oxide sheet can 
be delaminated with ease and on a large scale. The SnO monolayer is 
determined to feature p-type semiconducting behaviour with a bandgap of 
~4.2 eV. Field effect transistors based on monolayer SnO are demonstrated. 
The synthetic technique is facile, scalable and holds promise for creating 
atomically thin semiconductors at wafer scale. Furthermore the technique is 
simple, does not require expensive equipment and holds promise to be 
applicable to a host of other materials that can be derived from low 
temperature molten metals. 

 



 

COLL 512 

Iron oxide nanoparticle clustering increases drug uptake and release 

Paige Price1, Kenneth Carlson1, Jasper Dittmar1, Ananiy Kohut2, Andriy S. 
Voronov4, Lyudmila Bronstein1,3, lybronst@indiana.edu. (1) Indiana Univ, 
Bloomington, Indiana, United States (2) Organic Chemistry, National 



University Lviv Polytechnic, Lviv, Ukraine (3) Physics, King Abdulaziz 
University, Jeddah, Saudi Arabia (4) Coatings and Polymeric Materials, North 
Dakota State University, Fargo, North Dakota, United States 

Magnetic nanoparticle (NP) based drug delivery agents received considerable 
attention due to a combination of both therapeutic (hyperthermia coupled with 
drug delivery) and diagnostic (MRI) applications. In this talk, the 
functionalization of iron oxide NPs with two types of amphiphilic copolymers, 
alternating poly(maleic-anhydride-alt-1-octadecane) modified with 
poly(ethylene glycol) tails (PMAOD-PEG) and multiblock copolymer containing 
poly(ethylene glycol) and polytetrahydrofuran blocks (PEG600PTHF650), will be 
discussed as well as the behavior of these functionalized NPs upon 
Rhodamine B base (dye, mimicking a drug) or doxorubicin (anticancer drug) 
uptake and release. For PMAOD-PEG coated NPs, heating is used to trigger 
the release, while for PEG600PTHF650coated NPs, the release is triggered by a 
change of a hydrophilicity/hydrophobicity balance imitating the passage 
through a cell wall. It is demonstrated that clustering of small (~6 nm in 
diameter) iron oxide NPs upon functionalization with PEG600PTHF650 allows 
for higher Rhodamine B base and doxorubicin uptake and release. Moreover, 
this clustering results in a stronger magnetic response, allowing for an easy 
magnetic separation and paving the way to a magnetic targeting with the 
above NPs. 

COLL 513 

Recent advances in the use of colloidal Gold Nanoparticles in cancer 
therapy 

Devika Chithrani1,2, devikac@uvic.ca. (1) Physics and Astronomy, University 
of Victoria, Victoria, British Columbia, Canada (2) Li Ka Shing Knowledge 
Institute, St. Michael's Hospital, Toronto, Ontario, Canada 

Recent developments in nanotechnology has provided new tools for cancer 
therapy and diagnosis. The technology is expected to generate innovations 
and play a critical role in cancer therapeutics. Among other nanoparticle (NP) 
systems, there has been tremendous progress made in the use of spherical 
gold NPs (GNPs) in cancer therapeutics. In treating cancer, radiation therapy 
and chemotherapy remain the most widely used treatment options and recent 
developments in cancer research show that the incorporation of gold 
nanostructures into these protocols has enhanced tumor cell killing. These 
nanostructures further provide strategies for better loading, targeting, and 
controlling the release of drugs to minimize the side effects of highly toxic 



anticancer drugs used in chemotherapy. Our recent studies shows promising 
results in combined use of radiation therapy and chemotherapy where GNPs 
were used as a drug carrier. Hence, gold nanostructures provide a versatile 
platform to integrate many therapeutic options leading to effective 
combinational therapy in the fight against cancer. In this lecture, the recent 
progress in the development of gold-based NPs towards improved 
therapeutics will be discussed. A multifunctional platform based on gold 
nanostructures with targeting ligands, therapeutic molecules, and imaging 
contrast agents, holds an array of promising directions for cancer research. 

 

COLL 514 

Multiple therapeutic objectives from single colloidal assemblies 

Geoffrey D. Bothun, gbothun@uri.edu. Chemical Engineering, University of 
Rhode Island, West Kingston, Rhode Island, United States 

In 2005 the NCI Alliance for Cancer Nanotechnology set a vision of designing 
multifunctional therapeutics for combined cancer detection, prevention, 
treatment, and control. This need persists today and stems from a range of 
challenges associated with physiological barriers, drug resistance, and safety 
and efficacy limitations of nanomedicines. Motivated by the need for 
multifunctional therapies, we have created a range of self-assembled 
nanoparticles using lipid and polyelectrolyte templating that respond to 



external fields. The templating strategies are used to combine multiple types 
of nanoparticle or biomolecular building blocks into single nanoscale 
assemblies. This presentation will describe efforts in our group to design (1) 
liposomes containing hydrophobic nanoparticles and (2) lipid/polyelectrolyte-
templated gold nanoshells for activated release and local hyperthermia, and 
(3) lipid-coated iron oxide nanoparticles for protein knockdown and magnetic 
resonance imaging. A critical element to designing these structures is the 
local environment at the nanoparticle surface provided, and influenced by, the 
nature of the self-assembled molecules. In vitro results will be presented that 
illustrate the impact of this local environment on different therapeutic 
objectives. 

COLL 515 

Clay nanotube biocomposites: Sustained drug delivery and tissue 
scaffolds 

Yuri M. Lvov, ylvov@latech.edu. Louisiana Techl University, Ruston, 
Louisiana, United States 

Natural halloysite clay nanotubes are among the best inorganic materials for 
biocomposites and formulations of drug with sustained release. These 
biocompatible nanotubes with SiO2 outermost surface and Al2O3 at the inner 
lumen surface have diameter of ca. 50 nm, length around 1 micrometer and 
may be loaded with drugs at 10-30 wt. %. Narrow tube openings allow for 
controllable slow drug release for hours, days or even weeks. Control of 
duration of release may be reached with tube-ends clogging / capping with 
polymers. 
Development of halloysite–polymer composites such as tissue scaffolds and 
bone cement/dentist resin formulations with enhanced mechanical properties 
and extension of the drug release to 2-3 weeks are described. Halloysite 
nanotubes may provide a kind of ceramic “skeleton” within the polymeric 
tissue and these “skeleton bones” are loaded with bioactive compounds (like 
real bones are loaded with marrow). Examples of the compression properties 
of halloysite in tablets and capsules will be also shown. 
We expect that clay nanotubes will be used primarily for non-injectable drug 
formulations, such as topical and oral dosage forms, cosmetics, as well as for 
composite materials with enhanced therapeutic effects. These include tissue 
scaffolds, bone cement and dentist resins with sustained release of 
antimicrobial and cell growth-promoting medicines (including proteins and 
DNA) as well as other formulations such as compounds for antiseptic 
treatment of hospitals. 



COLL 516 

Thermal stabilization of enzymes with biocompatible stiff polymer brush 
ligands 

Sergiy Minko, sminko@uga.edu. The University of Georgia, Bishop, Georgia, 
United States 

This novel conjugation strategy utilizes a polyethylene oxide (PEO) cylindrical 
molecular brush architecture to design a self-assembled structure for thermal 
stabilization of enzymes. The moderately stiff polymer ligand structure 
originates from side PEO chains grafted to the polymer backbone that carries 
reactive epoxy functional groups. The molecular brush is bound via epoxy 
functional groups to lysine’s amino groups on the surface of the enzyme 
globule, promoting the formation of stiff and crowded cages around the 
enzymes and preventing the water molecules access to the enzyme and 
enzymes agglomeration. The excluded volume effect introduced by the 
densely grafted PEO chains results in a significant improvement of biocatalytic 
activity and thermal stability of lysozyme and trypsin that retain their activity 
even upon heating to 100oC and above. The molecular dynamic simulations 
show that the high concentration of polyethylene oxide in the vicinity of the 
enzyme is critical for their thermal stability At high temperatures, a number of 
hydrogen bonds remains high and corresponding conformational changes in 
the protein remains low, indicating a high degree of resilience of the 
secondary structure and thereby contributing to the high rates of the residual 
activity. 

COLL 517 

Stimuli-sensitive polymersomes for drug delivery to solid tumors 

Sanku Mallik, sanku.mallik@ndsu.edu, Prajakta Kulkarni, Fataneh Karandish, 
Matthew Confeld. Dept 2665 Pharm Sci, North Dakota State Univ, Fargo, 
North Dakota, United States 

Rapid cell division, reduced vasculature, and insufficient blood flow contribute 
to oxygen deprivation at the deep-seated tumor mass, leading to the onset of 
hypoxic regions in a broad range of cancers. We are synthesizing amphiphilic 
block copolymers by linking the hydrophobic and the hydrophilic blocks with a 
diazo linker. In hypoxic microenvironment, the diazo linker is reductively 
cleaved, separating the two polymeric blocks. We have prepared polymeric 
vesicles incorporating the synthesized hypoxia-responsive polymers. A 



synthesized tumor-penetrating peptide actively transports the vesicles deep 
inside the solid tumors. Subsequently, the polymersomes deliver anticancer 
drugs and imaging agents to hypoxic regions of pancreatic and prostate 
tumors. We have encapsulated a stemness gene transcription inhibitor in the 
vesicles and demonstrated their effectiveness in killing the cancer stem cells. 

 

COLL 518 

Hybrid nanoparticles as an alternative to conventional antibiotics 

Guillem Ferreres Cabanes, guillem.ferreres@upc.edu, Arnau Bassegoda, 
Tzanko Tzanov. Chemical engineering, Universitat Politècnica de Catalunya, 
Terrassa, Spain 

The emergence of drug-resistance microbial pathogens is creating a 
worldwide healthcare problem. Nanoparticles have been increasingly used as 
alternative to the antibiotics. Antimicrobial nanoparticles offers a platform 
against bacteria, viruses, fungus and protozoa and perform this activity by 
destroying cell membranes, blocking enzyme pathways, altering microbial cell 
wall, metabolic pathways and protein, DNA expression and acting on 
components from the extracellular matrix of biofilms. The advantages of the 
antimicrobial nanoparticles reside in their different mechanisms of action 
against pathogens, e.g. oxidative stress, metal ion release, or non-oxidative 



mechanism, which can occur simultaneously. These mechanisms are less 
likely to cause the appearance of microbial resistance. 
Bacterial biofilms are structured, coordinated communities with distinct 
architectures and properties. They are ubiquitous in nature and possess the 
sophisticated ability to rapidly adapt and propagate in a wide variety of 
habitats. Microbial biofilms are at the root of many chronic and recurrent 
infections and their formation have been estimated to account for 80 % of all 
microbial infections currently treated in hospitals. Biofilm can grow on any 
foreign object inserted into the human body but also in different surfaces of 
the hospital premises. 
In this study, we synthesized hybrid enzyme-metal nanoparticles combining 
the synergistic activities of different antimicrobial agents. The enzyme in the 
hybrid nano-entities acts on the extracellular components secreted by the 
bacterial populations to eliminate and to inhibit the formation of biofilm. On the 
other hand, the biocidal properties of the nanoparticle are provided by the 
metal counterpart in the naoparticulate composite. This antimicrobial 
approach could be applied in the form of coatings on surfaces such as 
hospital textiles, water treatment membranes and implantable medical 
devices, ensuring a safer environment for both patients and healthy 
population. 

COLL 519 

Nanosubstrate-mediated intracellular delivery for high-throughput gene 
modification 

Natcha Wattanatorn1,2, nwattana@g.ucla.edu, Shuang Hou1,4, Qing Yang1,2, 
Chuanzhen Zhao1,2, Xiaobin Xu1,2, Hsian-Rong Tseng1, Steven Jonas1,3, Paul 
S. Weiss1. (1) MC 722710, California NanoSystems Inst. UCLA, Los Angeles, 
California, United States (2) Chemistry and Biochemistry, UCLA, Los Angeles, 
California, United States (3) Department of Pediatrics, Devid Geffen School of 
Medicine, UCLA, Los Angeles, California, United States (4) Department of 
Surgery, David Geffen School of Medicine, UCLA, Los Angeles, California, 
United States 

Targeted gene editing using non-viral methods could have significant 
advantages in terms of safe delivery of cargo and cost. Physical techniques to 
produce membrane disruption via nanoneedles have the capability to 
penetrate cell membranes and to deliver gene-editing nucleases. However, 
the challenges for these systems include inconsistency of membrane 
penetration and slow processing throughputs, which lead to low transfection 
efficiency and poor viability of cell products. Here, we present an ordered 



array silicon nanoneedles with full control of size, pitch, and tip sharpness 
fabricated by combining nanosphere lithography with isotropic dry etching of 
silicon. Gene-encapsulated supramolecular nanoparticles are then tethered 
on the nanoneedle surfaces via molecular recognition. By integrating the 
nanoneedles with microfluidic devices, we demonstrate rapid, efficient, and 
non-toxic in vitro gene-delivery to model cell lines. The versatile and scalable 
nanostructured platform proposed here represent an ideal system for the 
genetic engineering of a variety of cell types that will empower research 
focused on gene therapies and enable translation of these cellular therapy 
approaches. 

COLL 520 

Hybrid nanoantibacterials for controlling bacterial infections and spread 
of drug resistance 

Kristina Ivanova, kristina.ivanova@upc.edu, Javier Hoyo, Aleksandra 
Ivanova, Sílvia Perez Rafael, Tzanko Tzanov. Chemical engineering, 
Universitat Politècnica de Catalunya, Terrassa, Spain 

The occurrence of drug resistance is global healthcare concern, and although 
new drugs are constantly being sought, the pace of development is slow 
compared to the evolution and spread of multidrug resistant bacteria. The high 
persistence of bacteria in the form of both planktonic cells and biofilms on 
living tissues and medical surfaces calls for novel antibacterial strategies for 
the prevention and treatment of bacterial infections. In this study, enzymatic 
disruption of bacterial quorum sensing by acylase and ultrasound assisted 
nanospherization were innovatively combined to enhance the bactericidal 
efficacy of the conventional antibiotic gentamicin, lowering the drug dosage. 
The generated hybrid nanoantibacterials were stable, with zeta potential – 40 
± 0.23 mV and size of 200 ± 1nm. They possessed membrane disrupting 
capacity and killed the medically relevant Gram-negative Pseudomonas 
aeruginosa bacteria after 45 min. The synergistic combination demonstrated 
improved antibiofilm activity compared to the individual counterparts and 
reduced the resistant P. aeruginosa biofilm up to 6 logs. Moreover, the 
bactericidal efficaicy of the hybrids was not drastically affected in “protein 
corona” conditions, demonstrating their real application scenario. Further in 
situ ultrasound assisted synthesis and deposition of the acylase enzyme and 
gentamicin onto the surface of urinary catheters increased the life span of the 
medical devices and decreased the occurrence of bacterial biofilms. The 
obtained hybrid nanoantibacterials with complimentary modes of action were 
not found innocuous towards human fibroblasts (BJ-5ta cells) and as a such 



might be valuable alternative to control bacterial diseases at reduced antibiotic 
dosages.  
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New approaches for area-selective atomic layer deposition of oxides 

Adrie Mackus, a.j.m.mackus@tue.nl. Applied Physics, Eindhoven University 
of Technology, Eindhoven, Netherlands 

The increasingly demanding challenge in nanoelectronics of patterning 
structures with nanometer alignment accuracy, motivates the development of 
bottom-up and self-aligned fabrication schemes. Area-selective atomic layer 
deposition (ALD) aims at the deposition of material only on specific surfaces, 
without performing additional lithography and etching steps, and thereby 
eliminates this alignment challenge. Moreover, area-selective ALD offers new 
and unique opportunities for the synthesis of nanoparticles in the field of 
catalysis. In this presentation, two novel approaches for achieving area-
selective ALD of oxides will be described, and the underlying surface 
chemistry that makes these ALD processes selective will be adressed. 
Furthermore, the main challenges, opportunities, and future directions of the 
field of area-selective ALD will discussed. 
 
The first approach relies on the use of small inhibitor molecules in ABC-type 
(i.e. three-step) ALD cycles. By choosing an inhibitor molecule that is able to 
selectively adsorb on specific surfaces, and block the precursor adsorption 
during the subsequent step, area-selective ALD is acquired on those surfaces 
on which the inhibitor is not able to adsorb. This strategy was demonstrated 
for area-selective ALD of SiO2 on GeO2, SiNx, or WOx (without coating Al2O3, 
HfO2, or TiO2 non-growth surfaces) using acetylacetone inhibitor, 
bis(diethylamino)silane precursor, and O2 plasma pulses. 
 
The second approach focuses on area-selective ALD of metal oxides on noble 
metals by exploiting the catalytic activity of the metal surface. When using 
O2 gas as the co-reactant, ALD of Fe2O3 from t-butyl ferrocene precursor or 
NiO from nickelocene only occurs on surfaces that are able to catalyze 
dissociative chemisorption of O2. Area-selective ALD was demonstrated for 
Fe2O3 and NiO on Pt and Ir surfaces, whereas no deposition was observed on 
the inert surfaces of SiO2, Al2O3 or Au. In addition to performing depositions 
on patterned surfaces, this area-selective Fe2O3 ALD process was used for 
the synthesis of Pt/Fe2O3 core/shell nanoparticles. 
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Approaches to atomic-scale engineering through selective processes 

Katie Nardi, katie.nardi@lamresearch.com, Nerissa Draeger, Dennis 
Hausmann, David Smith. Lam Research Corp., Fremont, California, United 
States 

Continued scaling of semiconductor devices requires atomic-level control in 
processing. This can be challenging and costly using traditional top-down 
patterning processes. Area-selective deposition provides a bottom-up 
approach, depositing material only on the desired surface and not on other 
exposed surfaces. Area-selective atomic layer deposition (AS-ALD) is of 
particular interest to the semiconductor industry. It combines the ability to 
deposit conformal thin films with atomic-level precision for both film thickness 
and film placement. While AS-ALD has sparked wide-spread attention in 
recent years in academic research, further development is needed to find 
techniques that are compatible with high-volume manufacturing. Here, we will 
report on the current strategies for achieving AS-ALD, including self-
assembled monolayers and surface inhibition, and addressing the key 
challenges facing the implementation of these strategies in device fabrication. 
Techniques to improve selectivity will also be discussed, including atomic 
layer etching (ALE) to remove selectivity defects. 

COLL 523 

Gas phase routes to solid catalyst materials 

Peter C. Stair1,2, pstair@northwestern.edu. (1) Northwestern Univ, Evanston, 
Illinois, United States (2) Argonne National Laboratory, Argonne, Illinois, 
United States 

The traditional route to solid catalyst materials involves solution phase 
deposition or liquid-surface reactions. Examples include impregnation, 
deposition-precipitation, and solution phase grafting of molecular precursors. 
Atomic Layer Deposition (ALD) is a gas-solid deposition methodology having 
enormous potential for the synthesis of advanced heterogeneous catalysts 
with control of composition and structure at the atomic scale. The ability of 
ALD to produce conformal oxide coatings on porous, high-surface area 
materials can provide completely new types of catalyst supports. At the same 
time ALD can achieve highly uniform catalytically active metal and oxide 
phases with (sub-) nanometer dimensions. This lecture will provide examples 



from the laboratories at Northwestern University and Argonne National 
Laboratory of ALD used to synthesize oxide supports, catalytic oxide 
overlayers, single-site catalysts, metal nanoparticles, and new porous 
structures. 
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Challenges for selective atomic layer deposition 

Yves J. Chabal, chabal@utdallas.edu, Rezwanur Rahman, Joseph Klesko, 
Aaron Dangerfield. University of Texas at Dallas, Richardson, Texas, United 
States 

Atomic Layer Deposition is a well-established method to deposit thin, 
conformal films. Several techniques are routinely used to specify the ALD 
window and to ensure that a proper ALD process is obtained. There are 
however “side” processes that can lead to film growth/deposition without a 
classical (i.e. ligand exchange) mechanism, which makes it difficult to control 
deposition, particularly when selective deposition is sought. It is therefore 
important to use techniques that can identify such side processes. departure 
from standard ALD. 
In this talk, we show that in-situ IR spectroscopy, by detecting ligand 
exchange and substrate reactions, is a critical tool to explore such anomalies, 
which cannot be uncovered by conventional ex situ XPS, ellipsometry, QCM 
methods. We illustrate this point with Cp-based metal precursors with water 
as a co-reactant. 
For instance, alkylamido-Cp precursors are attractive because they are readily 
oxidized (react strongly with water), yet stable, and produce environmentally-
mild products. We have explored by in-situ IR spectroscopy the deposition of 
TiO2 films using (EtCp)Ti(NMe2)3with water on OH-terminated SiO2 surfaces. 
This precursor initially reacts with surface OH at ≥150 °C via loss of its 
NMe2 groups. However, once chemisorbed, it appears to be unreactive with 
water; i.e., there is no observable ligand exchange. Yet, TiO2 deposition does 
occur and is shown to originate from gas phase reactions with trace water in 
the reactor, as evidenced by its dependence on the vapor pressure of water in 
the reactor chamber. This striking lack of reactivity between chemisorbed 
(EtCp)Ti(NMe2)3 and water is attributed to the electronic and steric effects of 
the EtCp group. 
Sc(MeCp)2(Me2pz) is another Cp-based precursor considered to deposit 
Scandium oxide (Sc2O3) thin films. This precursor also reacts with hydroxyl-
terminated silicon oxide at 150 °C. However in this case, and in contrast to 
(EtCp)Ti(NMe2)3, there is a strong reduction of the SiO2 underlying surface, 



leading to the formation of Sc2O3, independent of gas phase reactions. 
Such processes have mostly been ignored in the ALD community for lack of 
positive identification. For instance, most papers dealing with Cp-based 
precursors have concluded that water is a good co-reactant for oxide 
deposition. This conclusion needs to be re-examined by monitoring ligand 
exchange to determine if alternative mechanisms are in play, particularly 
when considering selective deposition. 
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Adsorption calorimetry during atomic-layer deposition (ALD) and when 
growing model catalysts 

Charles T. Campbell, charliec@uw.edu. Univ of Washington, Seattle, 
Washington, United States 

Sir David King and his group developed the first calorimeter that could 
measure heats of adsorption on the well-defined surfaces of single crystals 
with sufficient precision to reveal new understanding of surface chemistry, 
especially by determining the energies of adsorbed molecular fragments that 
are catalytic reaction intermediates and otherwise inaccessible 
experimentally. Since then, other groups including our own have adopted this 
technique and made substantial extensions. Two of these extensions will be 
reviewed. I will first describe our recent development of a calorimeter for 
measuring the heats of reaction versus the extent of reaction during atomic-
layer deposition (ALD). These heats provide detailed information on the 
reaction mechanisms for both half-cycle reactions of the ALD process that is 
not otherwise available, as will be shown with heats for the ALD growth of 
amorphous alumina thin films using trimethyl aluminum and water half-
reaction. Next, I will describe measurements of adsorption energies of late 
transition metal atoms on well-defined oxide single crystal surfaces that reveal 
how the metal atom’s chemical potential (i.e., thermodynamic stability) in 
model oxide-supported metal catalysts varies with metal particle size and 
oxide support material. These results led to simple equations that can predict 
chemical potential versus size on different oxide surfaces. Since the 
performance of oxide-supported metal catalysts correlate with this chemical 
potential, this provides a possible pathway for catalyst improvement and 
design. 
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Zintl template formation and function during atomic layer deposition 
growth of crystalline perovskites on Ge (001) and crystalline oxides on 
GaN(0001) 

John G. Ekerdt, ekerdt@utexas.edu. Univ of Texas, Austin, Texas, United 
States 

The semiconductor industry faces new challenges in the sub-10 nm era as 
scaling will no longer dominate performance improvement. New materials 
provide opportunity to improve performance with minimal architectural 
overhaul. For example, high-mobility channels of Ge and III-V semiconductors 
can provide both lower power consumption and faster computing speeds. In 
certain applications significant advantages are gained by monolithic 
integration of the oxides directly on the substrates that will host other 
devices/components. Perovskite oxides offer a wide range of properties from 
high-k to multiferroic affording the device designer a suite of possibilities, and 
are particularly important due to their common structure and lattice-matching 
with common semiconductors. The gallium nitride device applications will 
require a dielectric to passivate the nitride surface. Atomic layer deposition 
(ALD) allows for growth of perovskite oxides and rare earth oxides in a 
chemical deposition process that is scalable and manufacturable. 
Zintl layers are intermetallic compounds comprised of Group 1 or 2 elements 
and Group 13-15 elements to facilitate wetting, support bonding between the 
covalently-bonded substrates and the ionically-bonded oxides and can direct 
crystalline layer depostion. Atomically-thin Zintl layers are formed on Ge (001) 
using Sr and Ba and enable atomically abrupt interfaces that are free of 
carbon and GeOx and are used in the ALD growth of crystalline SrTiO3, 
BaTiO3, SrHfO3, Sr(HfTi)O3, and SrZrO3 directly on Ge(001). We will discuss 
the interface chemistry and structure that likely controls the interfacial 
reactions that allow for crystalline film formation. We also report approaches 
to growing crystalline, hexagonal and cubic Er2O3 on wurtzitic gallium nitride, 
GaN (0001). As with growth of perovskites on Ge, intermetallic compounds 
comprised of Ba, Ga or Al direct the crystalline growth, in this case the [111] 
growth direction of the oxides on GaN (0001). This talk will describe the 
growth, structures and properties of crystalline oxides grown by ALD. 

COLL 527 

Atomic layer deposition on T-shirts 



Han-Bo-Ram Lee, hbrlee@incheon.ac.kr. Materials Science and Engineering, 
Incheon National University, Incheon, Korea (the Republic of) 

Atomic layer deposition (ALD) is a thin film deposition method employing self-
saturated surface reactions. Since ALD has several superior properties for 
nanoscale device fabrications, such as excellent conformality, large area 
uniformity, and process compatibility over the conventional thin film deposition 
methods, it has been widely applied for various high technology applications 
from semiconductor to display devices. ALD can be an effect route to form 
materials with precise controllability in other applications. In this work, we 
extended ALD researches to fabrication of electronic textiles for wearable 
electronics. Inspired from the conventional dyeing technology, we coat T-
shirts fabricated by cotton, with metal layers (Pt and Ru) through organic-
inorganic hybridization in atomic level. The ALD-Pt-coated T-shirts showed 
high electrical conductivity and high mechanical durability even after 
mechanical wrinkling test and a real washing test. The chemical bondings and 
interfacial structures between ALD metal thin films and organic textile 
materials, such as cotton, Nylon, wool, silk, and Kevlar, were investigated by 
theoretical calculation and precise nanoscale analysis techniques. A 
capacitive type pressure sensor was fabricated by using the highly conductive 
ALD-modified textile fibers, and applied to seat sensor for vehicle. In addition, 
for commercial productions, the color of ALD-modified textile was controlled 
by adjusting index of refraction. Refractive index of multilayered TiO<font 
size="1">2 </font>and Al2O3 was theoretically designed and experimental 
results showed consistency on the Pt-coated textiles. 
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Award Address (ACS Award in Colloid Chemistry sponsored by the 
Colgate-Palmolive Company). Colloidal stability in the living cell 

Håkan Wennerström1, hakan.wennerstrom@fkem1.lu.se, Mikael Oliveberg2, 
Eloy Vallina2, Jens Danielsson2. (1) Division of Physical Chemistry, 
Department of Chemistry, Lund University, Lund, Sweden (2) Department of 
Biochemistry and Biophysics, Stockholm University, Stockholm, Sweden 

The living cell, prokaryotic or eukaryotic, is arguably the most complex 
colloidal system one can realize. It contains of the order of one thousand 
soluble globular protein species. In addition there are membrane surfaces 
both from the plasma membrane and from different organelles. The third 
major colloidal component is the nucleic acids dominantly present in 
complexes like ribosomes and chromatin. A lot of scientific effort and ingenuity 



has ben devoted to characterize the specific molecular interactions specific to 
the function of the cell. The theme of this presentation is to arrive at an 
answer of the reverse question; how are all the potentially interfering 
association processes avoided? With 103 protein species there are of the 
order of 106 pair interactions out of which only a few are attractive, while the 
rest should preferably be repulsive. The system should show colloidal stability 
in general, but yet allow for specific interactions to occur. The main factor 
responsible for the stability is the electrostatic interaction between the colloidal 
species, which are all negatively charged with a rather uniform charge density. 
In the cell there are mainly three types of charged species; small cations, 
colloidal anions and small anions. A dominant fraction of the negative charge 
in the cell is in fact due to the colloidal species. Under such circumstances it is 
qualitatively misleading to discuss electrostatic interactions based on 
screened coulomb potentials. The electrostatic interactions also contribute to 
build up the osmotic pressure of the cell, but proteins are abundant so their 
translational degree of freedom also contributes to the net osmotic pressure, 
which controls the protein concentration in the crowded environment. 

COLL 529 

Award Address (ACS Award in Surface Chemistry sponsored by the 
ACS Division of Colloid and Surface Chemistry). Molecular 
functionalization of surfaces: An evolution from fundamentals to 
applications 

Stacey F. Bent, sbent@stanford.edu. Department of Chemical Engineering, 
Stanford University, Stanford, California, United States 

Surface chemistry serves as the foundation for numerous applications, 
ranging from microelectronics to bio-sensing to heterogeneous catalysis. 
Moreover, surface functionalization and modification inform important 
technologies of today that drive multibillion dollar industries, and 
understanding the fundamental surface chemistry is key to future advances. 
This talk will examine my group’s studies of molecular surface 
functionalization and its application to electronics and catalysis. I will describe 
our work on the adsorption of organic molecules at semiconductor surfaces, 
aimed at the ultimate goal of controlling the chemical and electrical properties 
of these hybrid systems. Monolayer surface chemistry is also extended to the 
formation of covalently-bound organic multilayers through the process of 
molecular layer deposition (MLD). An understanding of surface adsorption can 
further be used to control attachment of self-assembled monolayers at 
semiconductor and metal surfaces, and this in turn has enabled development 



of area selective atomic layer deposition (ALD) methods. The evolution of this 
fundamental understanding of surface functionalization to applications in 
electronic and catalytic systems will be described. 

COLL 530 

Long-range electrostatic forces in ionic liquids 

Howard A. Dobbs3, howarddobbs@umail.ucsb.edu, Matthew A. Gebbie4, 
Markus Valtiner2, Xavier Banquy1, Zach Berkson3, George Degen3, Kai 
Kristiansen3, Jacob N. Israelachvili3,4, jacob@engineering.ucsb.edu. (1) 
Faculty of Pharmacy, Universite de Montreal, Montreal, Quebec, Canada (2) 
Interface Chemistry and Surface Engineering, Max Planck Institut für 
Eisenforschung, Düsseldorf, Germany (3) Chemical Engineering, University of 
California, Santa Barbara, Goleta, California, United States (4) Materials 
Department, University of California, Santa Barbara, Santa Barbara, 
California, United States 

Electrolyte solutions containing nominally free ions are prevalent in biological 
systems, the ocean, and numerous energy storage technologies. The 
development of a general conceptual, and quantitative, model of concentrated 
electrolytes remains challenging due to the need to clearly distinguish 
between “free” and “bound” ions, and their effective concentrations. In this 
work, we study ionic liquids – single component liquids composed solely of 
ions – to provide a perspective on electrostatic screening in such systems. We 
use temperature-dependent surface force measurements to demonstrate that 
the long range, exponentially decaying diffuse double-layer forces observed 
across ionic liquids exhibit a pronounced temperature dependence. Increasing 
the temperature decreases the measured exponential (Debye) decay length, 
implying an increase in the thermally driven effective free-ion concentration in 
the bulk ionic liquids. Based on these quantitative results, we propose a 
general model for the long-range electrostatic screening in ionic liquids, where 
thermally activated charge fluctuations, either free ions or correlated domains 
of ions (quasiparticles), take on the role of free ions in traditional dilute 
electrolyte solution theories. This model represents a crucial step toward 
resolving several inconsistencies surrounding the current understanding of 
electrostatic screening and charge transport in ionic liquids. We are currently 
studying the dynamics of these effects in confined ionic liquids, for example 
under the action of oscillating electric fields and/or moving surfaces. Our work 
provides a way of envisioning highly concentrated electrolytes, with 
implications for diverse areas of inquiry, ranging from designing 



electrochemical devices to rationalizing electrostatic interactions in biological 
systems. 

COLL 531 

Understanding network formation and strength development in alkali-
activated aluminosilica cements 

Zach Berkson, zberkson@umail.ucsb.edu, Howard A. Dobbs, Kai 
Kristiansen, George Degen, Bradley Chmelka, Jacob N. 
Israelachvili. Chemical Engineering, University of California, Santa Barbara, 
Santa Barbara, California, United States 

Inorganic polymer binders (IPBs) are attractive as low-CO2 alternatives to 
conventional cementitious structural materials and consist of networked 
(alumino)silica particles which partially dissolve and crosslink under alkaline 
conditions. For example, colloidal alumina and silica particles in aqueous 
alkali slurries (e.g., 6 M NaOH) partially dissolve over reaction times of days to 
weeks. Solution phase species condense and reprecipitate, forming 
aluminosilica networks at and between particle surfaces that yield 
macroscopic strength which evolves over time. Tracking the evolution of such 
aluminosilica networks and the corresponding development of interparticle 
adhesion and macroscopic material strength has been challenging due to the 
heterogeneous surface compositions and small (~nm) particle-particle 
distances under realistic reaction conditions. Recently developed solid-state 
NMR techniques and advances in the surfaces forces apparatus (SFA) enable 
detection and correlation of atomic bonding and hydration environments in 
aluminosilica networks formed at different reaction times (hours to weeks) as 
well as the nanoscopic interparticle adhesion energies and strength 
properties. Specifically, ex-situ solid-state dynamic nuclear polarization (DNP) 
enhanced NMR techniques yield drastic improvements in NMR signal intensity 
from particle surfaces. The signal enhancements provided by DNP-NMR 
enable acquisition of two-dimensional (2D) heteronuclear DNP-NMR 
correlation spectra that establish the types, nanoscale proximities, and 
interactions of 1H, 23Na, 27Al, and 29Si species in the aluminosilica networks 
formed at different reaction times. Complementary in-situ surfaces forces 
measurements between alumina and silica surfaces under analogous reaction 
conditions track the surface morphologies, interparticle layer thicknesses, and 
adhesion forces and energies of aluminosilica networks. The combined DNP-
NMR and SFA analyses yield new insights into the development of strength in 
IPBs, with implications for improved control of the mechanical properties of 
low-CO2 cements. 



COLL 532 

From plants to clouds – how nanostructured materials mediate transport 
and phase behavior of water in the environment 

Abraham Stroock1, ads10@cornell.edu, Antoine Robin1, Pierre Lidon1, 
Olivier Vincent1, Hanwen Lu2. (1) Mechanical and Aerospace Engineering , 
Cornell University, Ithaca, New York, United States (2) Mechanical and 
Aerospace, Cornell University, Ithaca, New York, United States 

On land and in the atmosphere, a dominant form of water is the capillary-
condensed liquid within nanometer-scale pores and defects in organic and 
inorganic solids. In the biosphere, this liquid state defines the availability of 
water for chemistry and life in soils and controls the transpiration process in 
plants; in the atmosphere, it plays a critical role in defining the activity of 
aerosol particles as nuclei for the formation of clouds. The thermodynamic, 
dynamic and chemical properties of this highly confined liquid water have 
remained incompletely understood due to the lack of experimental tools for 
direct interrogation. In this presentation, we will introduce a set of 
nanofabricated systems and optical measurement techniques developed in 
our lab to perform quantitative measurements of these elusive properties. We 
will proceed to provide several illustrative examples of these measurements: 
1) exploiting phase-equilibrium with unsaturated vapors and massive capillary 
stresses, we will show that the dynamics of liquid water (and other common 
solvents) in few-nanometer-scale confinement agree, quantitatively, with bulk 
predictions if account is taken for a mono-molecular layer of immobilized 
liquid. 2) Working under related conditions, we will present an unprecedented 
measurement of the solubility of molecular oxygen in liquid water at negative 
pressures, and show that the solubility in capillary condensed water rises 
significantly (> 2x) under common atmospheric conditions. 3) Exploiting a 
micro-nano-fluidic system, we will present the first direct measurements of the 
state of liquid in metastable equilibrium with ice at supercooled temperatures 
(the Gibbs-Thomson effect). We will conclude with a brief discussion of 
implications of these measurements for our understanding of environmental 
phenomena and of perspectives for technological applications. 

COLL 533 

Investigating mono- and divalent cation induced aggregation of gold 
nanoparticles in aqueous environments via surface-enhanced Raman 
spectroscopy 



Matthew Chan1,2, mychan@vt.edu, Weinan Leng1, Peter J. Vikesland1. (1) 
The Charles E. Via Jr. Department of Civil and Environmental Engineering, 
Virginia Tech, Blacksburg, Virginia, United States (2) Institute for Critical 
Technology and Applied Science, Virginia Tech, Blacksburg, Virginia, United 
States 

Surface-enhanced Raman spectroscopy (SERS) was used to examine the 
interactions between dissolved sodium/calcium halides (NaF, NaCl, NaBr, 
NaI, CaCl2, CaBr2, and CaI2) and gold nanoparticle (AuNP) surface. SERS 
data were compared with data from ultraviolet-visible light (UV-Vis) 
spectroscopy and dynamic light scattering (DLS). SERS, UV-Vis, and DLS 
data revealed that chloride salts were much more effective at aggregating 
AuNP and the resulting aggregates were highly fractal networks that were 
significantly different from those produced by non-chloride salts. SERS 
provided insight on the surface interactions between AuNP and halides via 
observation of changes in the surface-enhanced Rayleigh band and the 
characteristic Au-X- bands (Figure 1 & Figure 2). Comparison of SERS kinetic 
data showed a positive correlation between rates of halide attachment to 
AuNP and salt concentration. SERS proved to be a valuable supplemental 
tool to investigate the complex dynamics of AuNP behaviour in aqueous 
environments. 



 
 
SERS signal from AuNP aggregation; peak at ≈126 cm-1 is a surface-enhanced 
Rayleigh Band resulting from aggregation; peak at ≈247 cm-1 is the Au-X- (F- in this 
case) interaction enhanced by SERS. 



 
 
SERS spectra taken for 60 min after salt addition to AuNP suspension with 5 min time 
intervals. A: 20 mM NaF; B: 20 mM NaCl; C: 20 mM NaBr; D: 20 mM NaI 

COLL 534 

Programming non-linear active motion of colloids by designing surface 
force distribution 



Jin Gyun Lee, Bhuvnesh Bharti, bbharti@lsu.edu. Cain Department of 
Chemical Engineering, Louisiana State University, Baton Rouge, Louisiana, 
United States 

Active particles are colloids performing autonomous non-thermal motion in 
fluids. One such class of active particles are metallodielectric Janus spheres. 
In presence of an external electric field, a breakdown in the fluid-flow 
symmetry around the metallodielectric Janus particles drive their active 
motion. The motion of Janus particles in electric field remains linear and 
steering such particles along non-linear 3D trajectories remains a challenge. 
Here we will present experimental design principles of programming 
swimming force distribution on the surface of a colloidal particle and thus 
steering the particles along non-linear complex trajectories. The approach is 
based on designing the surface patch and particle shape that allows for 
coupling of force and torque components. We find that such coupling results 
into 3D helical motion of the active colloids, where the handedness is 
governed by the patch orientation in applied field. We will present the effect of 
patch size, shape and applied electric field on the active helical motion of the 
particles. We will also show that additional dipolar interactions between such 
particles can drive their assembly into rotating clusters and complex crystals, 
where individual particle retain their rotational activity. Our approach 
introduces a new method of programming dynamics of active colloids, which 
could lead to the development of advanced micromotors, miniature robots and 
non-equilibrium crystals with unusual response to external stresses. 
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Giant non-aqueous Pickering bubbles: Effect of nanoparticle diameter 
and morphology on stability 

Matthew Rymaruk3, matthew.rymaruk@gmail.com, Steven P. Armes2, Erica 
Wanless4, Clive Williams1, Steven Brown1. (1) Scott Bader Company Ltd, 
Northamptonshire, United Kingdom (2) Univ of Sheffield Dept of Chem, 
Sheffield, United Kingdom (3) Chemistry, University of Sheffield, Hull, United 
Kingdom (4) University of Newcastle, Newcastle, New South Wales, Australia 

The interaction between two millimeter-sized air bubbles in n-dodecane was 
analyzed using a high-speed video camera. The two bubbles were grown in 
the presence of either poly(lauryl methacrylate)-poly(benzyl methacrylate) 
[PLMA29-PBzMAx] spherical nanoparticles (where x = 50, 249, or 496) or 
PLMA18-PBzMA55 worms. The effect of varying the spherical nanoparticle 
diameter was investigated by comparing the behavior of bubbles stabilized by 



22 nm, 60 nm or 100 nm spheres. In each case, dynamic surface tensiometry 
studies confirmed that these nanoparticles lowered the n-dodecane/air 
interfacial tension, with the largest nanoparticles providing the greatest 
reduction. This provides evidence for nanoparticle adsorption at this interface. 
For short aging times (< 2 minutes) the bubble coalescence behavior was 
independent of the nanoparticle diameter, but longer aging times (> 5 
minutes) led to more effective bubble stabilization by the largest spherical 
nanoparticles. The influence of copolymer morphology on air bubble stability 
was investigated by exploiting the thermoresponsive behavior of the PLMA18-
PBzMA55 worms. When heated to 150 °C, these worms undergo a worm-to-
sphere transition, which is essentially irreversible when performed at low 
copolymer concentration (<1 % w/w). This morphological transition enabled 
the direct comparison of spheres or worms prepared from a single diblock 
copolymer, which should minimize any difference in surface wettability. 
Interfacial tension data suggested that PLMA18-PBzMA55 spheres of 36 nm 
diameter reduced the surface tension of the air/n-dodecane interface more 
than the corresponding PLMA18-PBzMA55 worms. Similarly, using spherical 
nanoparticles led to longer coalescence times than the worms, indicating that 
the former are more effective stabilizers of millimetre-sized air bubbles in n-
dodecane. 
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Computational approach to evaluation of Hamaker constants 

Kenta Hongo3,2, kenta_hongo@mac.com, Ryo Maezono1. (1) School of 
Information Science, JAIST, Nomi, Ishikawa, Japan (2) PRESTO, JST, 
Kawaguchi, Saitama, Japan (3) Research Center for Advanced Computing 
Infrastructure, JAIST, Nomi, Ishikawa, Japan 

The Hamaker constant A is one of the most important quantities in industrial 
applications of liquid processes involving the control of wettability. But there is 
insufficient data on A for most molecules used in recent processes. Very 
recently, we have proposed a handy ab initio scheme to evaluate the A values 
[K. Hongo and R. Maezono JCTC, Accepted 
(http://pubs.acs.org/doi/abs/10.1021/acs.jctc.6b01159)]. The scheme 
combined with reliable ab initio methods was applied to typical anisotropic 
molecules such as benzene and cyclohexane as benchmark. We found our 
computed values are comparable with available experimental ones, and 
confirmed its reliability. Our final goal is to evaluate A of cyclohexasilane that 
is used in printed electronics fabrication of amorphous silicon thin film as 



precursor ink, where its A value is unknown. We obtained A ∼ 105 ± 2 [zJ], 
being in plausible range supported even by other possible extrapolations. 
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Colloidal stabilization of silica and iron oxide nanoparticles in highly 
concentrated divalent salts 

Chola Dandamudi2, dandamudicholabhargava@gmail.com, Goliath Beniah2, 
Joohyung Lee2, Bonnie A. Lyon1, Jae Jin Han1, Kurt D. Pennell1, Nathaniel A. 
Lynd2, Keith P. Johnston2. (1) Civil Env. Eng., Tufts University, Medford, 
Massachusetts, United States (2) Department of Chemical Engineering, The 
University of Texas at Austin, Austin, Texas, United States 

Silica and iron oxide have garnered intense research efforts for various 
subsurface oil and gas applications such as reservoir imaging, tracer 
mapping, CO2 capture, and enhanced oil recovery. In order to advance these 
numerous potential applications, both low molecular weight and polymeric 
ligands are needed to provide colloidal stabilization at high sanities (>1M ionic 
strength), in the presence of divalent calcium and magnesium ions and in 
some cases high temperatures (>80C). 
Herein we present two approaches for stabilization of sub 50 nm 
superparamagnetic iron oxide and silica nanoparticles, one using an anionic 
co polymer and another low molecular weight non-ionic ligands. In the first 



approach the iron oxide nanoparticles were grafted with poly (2-acrylamido-2-
methylpropanesulfonate-co-acrylic acid) (poly AMPS-AA) via sequential 
coating steps (“grafting to” technique). The nanoparticles were coated with a 
thin layer of silica followed by amine functionalization of the surface. The AA 
groups of the copolymer covalently react to amines on the surface giving rise 
to a robust multipoint covalent attachment of the polymer. The excess AA 
groups were end-capped using a small molecule, taurine, to minimize divalent 
ion binding to carboxylic acid groups, resulting in weaker adsorption to anionic 
minerals. The bulky hydrophilic AMPS groups provide electro steric 
stabilization of the nanoparticles. In addition, for end grafted poly(AMPS) 
polyelectrolyte chains, we demonstrate steric stabilization at extreme salinities 
even when the chains collapse to about 1/10 of their original length. In the 
second approach, silica nanoparticles were grafted with non-ionic low 
molecular weight hydrophilic silane ligands which provide steric stabilization. 
In both the approaches, we demonstrate colloidal stability of nanoparticles in 
high salt conditions (up to 2 M NaCl) with divalent ions (2 wt%) and high 
temperatures (90C) for a period of 30 days. Furthermore we demonstrate 
transport of these particles through low permeability sandstone cores. 
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Nanocellular foaming of PLLA spherulites in supercritical CO2: Control 
of cell morphology by spherulitic structure 

Junsong Li, lijunsong452174275@126.com, Xia Liao, Jianming Yang, 
Qiuyue Jiang, Guangxian Li. College of Polymer Science and Engineering, 
State Key Laboratory of Polymer Materials Engineering, Sichuan University, 
Chengdu, China 

The scCO2-induced spherulites were successfully employed to regulate the 
cell growth of the foamed poly(L-lactic acid) (PLLA) with large numbers of 
cells ranging from nanoscale to microscale in three temperature regions. The 
variation of the foam morphology with saturation temperature was quite 
synchronous with that of melting behavior of PLLA foams. Region I (60-80 oC) 
was characterized by the double melting peaks and the nanocells with the 
dramatically improved cell density. By increasing the temperature to Region II 
(90-110 oC), more highly perfect crystals and the unique spherulitic foam 
morphology were developed. In Region III (115-120 oC) double melting 
endotherms emerged again and microcells were formed. The underlying 
element governing the melting and foaming behavior of PLLA was considered 
to be its crystallization behavior under scCO2. The double melting endotherms 
in Regions I and III originated from the imperfect crystals created during the 



saturation and cooling stage, respectively. A bimodal structure with microcells 
surrounded by nanocells occurred at 115 oC and 20 MPa. It was clearly 
shown that cells could nucleate and grow in between the neighboring lamellar 
stacks. The interaction between the cells and the spherulites resulted in the 
confined cell structure and the limited spherulitic expansion. 
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Effect of cellulosic fibers on foam dynamics 

Wenchao Xiang1, wenchao.xiang@aalto.fi, Natalie Preisig2, Cosima 
Stubenrauch2, Blaise L. Tardy1, Christiane Laine3, Tuomo Hjelt3, Tekla 
Tammelin3, Jukka Ketoja3, Orlando Rojas1. (1) Aalto University, Espoo, 
Finland (2) Universität Stuttgart, Stuttgart, Germany (3) VTT Technical 
Research Centre of Finland, Espoo, Finland 

Aqueous foams consist of air bubbles stabilized in a fluid medium. Surface 
active agents adsorbed at the air/liquid interface may enhance foam stability 
by modifying the interfacial energy at the air/liquid interface. In addition, they 
affect the interfacial and bulk viscoelasticity as well as the capillary pressure 
across the plateau borders. The diffusion and adsorption kinetics of surface 
active agents in the foam and at interfaces impact the foamability to given 
extent. The foam dynamics (foamability, foam stability), in turn, is closely 
related to parameters that are used to define the physical chemistry of foams. 
We incorporated cellulosic fibers (wood fibers and cellulose nanofibrils) in 
surfactant-stabilized foams, producing bio-based systems that we expect to 
have a wide range of applications. The physical chemistry of the air/liquid 
interface in such foams was altered by the presence of various surfactant 
types (anionic, cationic and nonionic). The synergistic role of natural wood 
fibers and surfactants in foam generation and stabilization processes was 
evaluated as a function of surfactant concentration. Here we discuss the effect 
on foam dynamics of added wood fibers and cellulose nanofibrils, which were 
used as rheology modifier. 
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Composition change at the stern layer of the electrolyte-silica interface 
leads to false potentiometric titration interpretation of surface charge 
density 

Alok Goel1, alokgoel89@gmail.com, Matthew A. Brown2,3. (1) Department of 
Materials, ETH Zurich, Zurich, Zurich, Switzerland (2) Department of 



Materials, Laboratory for Surface Science and Technology, ETH Zurich, 
Zurich, Switzerland (3) Measurement Science and Standards, National 
Research Council Canada, Ottawa, Ontario, Canada 

Despite being one of the more heavily investigated solid-liquid interfaces there 
remains no clear conclusion on the acid dissociation constant (pKa) of the 
silica-water interface. Colloidal experiments that employ potentiometric 
titrations observe but a single pKa, whereas optical based approaches reveal 
up to 3 unique pKa. Here we show using a combination of potentiometric 
titrations, FTIR and electrophoresis mobility experiments that the colloidal 
silica-water interface has a single pKa in controlled experiments done in an 
inert gas environment. If the sample is exposed to atmospheric CO2 the 
potentiometric titration experiments suggest the presence of multiple pKa, 
similar to optical experiments that are often performed in open cells. However, 
FTIR and electrophoretic mobility measurements do not support this 
interpretation. Instead they reveal a restructuring of the electrical double layer 
whereby CO2 resides at the Stern layer and falsifies the interpretation of the 
potentiometric titration results. Our results strongly suggest that the silica-
water interface has only one pKa. The multiple pKa interpreted from optical 
measurements is an artefact of exposure to ambient CO2. 
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Numerical study of the dynamics of oil-in-water droplet formation in a 
coaxial micro-channel 

Chaojun Deng, scudcj@163.com, Haoyuan Wang, 
wanghaoyuan2014@163.com, Weixing Huang, hwx@scu.edu.cn. School of 
Chemical Engineering, Sichuan University, Chengdu, China 

The dynamics of oil-in-water emulsion droplet formation in a coaxial micro-
channel was investigated by using a numerical method based on VOF/CSF 
models. Two typical flow regimes in droplet formation process under different 
flow conditions, namely dripping and jetting, were simulated by the numerical 
method, which were in good agreement with the results of experiments. 
Further, the effect of velocities, viscosities and interfacial tension of 
continuous and dispersed phases on the lengths of droplet liquid thread and 
column were studied separately. With increasing the velocities and viscosities 
of continuous and dispersed phase or decreasing the interfacial tension, the 
liquid thread becomes increased apparently, ultimately leading to form the 
satellite droplets and reducing the emulsion monodispersity. Moreover, it was 
found that only with the increase of dispersed phase velocity, the liquid 



column becomes longer obviously which indicates that the transition from 
dipping to jetting mode occurs. Compared to traditional water-in-oil emulsion, 
oil-in-water droplet formation in dripping flow regime can be operated at much 
higher velocity of continuous phase, which is in advantage of producing 
monodispers droplets faster. The research results provide a useful guide for 
the preparation of monodisperse droplet with controllable size by using the 
coaxial microfluidic device. 
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Probing nanolipoprotein particle interactions with supported lipid 
bilayers at the nanoscale 



Amanda T. Dang2, amtdang@ucdavis.edu, Matthew Coleman3,4, Tonya 
Kuhl1. (1) Dept. Chemical Engineering and Materials Science, University of 
California Davis, Davis, California, United States (2) Materials Science and 
Engineering, University of California, Davis, Davis, California, United States 
(3) Radiation Oncology, University of California, Davis, Davis, California, 
United States (4) Lawrence Livermore National Laboratory, Livermore, 
California, United States 

A nano-lipoprotein particle (NLP) is a lipid bilayer disc that is stabilized by two 
amphipathic “scaffold” apolipoproteins. The scaffold proteins insulate the 
hydrophobic core of the membrane and maintain the disc structure with sizes 
of about 10-20 nm. In recent years, the NLP has garnered considerable 
attention for its capability to solubilize membrane-associated proteins by 
forming stable membrane protein-NLP (MP-NLP) complexes. Importantly, 
membrane proteins incorporated into MP-NLP complexes have been shown 
to retain their functionality. MP-NLPs can be straightforwardly produced by in 
vitro cell free expression methods with high yields and minimal purification. 
This work evaluates the potential for NLPs to be applied as vehicles for the 
targeted delivery of membrane protein cargo into supported lipid bilayer (SLB) 
platforms. Incorporation of membrane proteins into SLBs, particularly if the 
native structure of the protein is preserved upon transfer, enables new 
opportunities for two-dimensional protein crystallization and studies on 
protein-protein interactions. In preliminary experiments, we analyzed the 
interactions between NLPs and SLBs at the nanoscale using atomic force 
microscopy (AFM). Special focus was dedicated to investigating SLBs 
composed of nitrilotriacetic acid (NTA)-functionalized lipid mixtures. NTA, in 
the presence Ni2+, was used to specifically bind histidine-tagged NLPs to the 
SLB surface. Topographic images of SLBs with and without NLPs 
demonstrate that NLP binding induced lipid phase mixing at the nanoscale. 
Under appropriate environmental conditions, SLB-bound NLPs merge to form 
discrete 100-200 nm superstructures. These 100-200 nm scale islands offer 
opportunities to corral and mix different membrane proteins for further study. 
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Stimulatory effect of phosphatidylglycerol micelle tubes on α-synuclein 
aggregation 

Zhiping Jiang, Jessica D. Flynn, Jennifer C. Lee, leej4@nhlbi.nih.gov. NIH, 
Bethesda, Maryland, United States 



α-Synuclein (α-Syn) is an abundant neuronal protein whose membrane 
association is considered important for its biological function such as aiding 
synaptic vesicle transmission. The protein is most well-known and studied for 
its involvement in the etiology of Parkinson’s disease (PD) where misfolded α-
syn amyloid fibrils are found in Lewy bodies, a histopathological hallmark. 
Molecular mechanisms on how α-syn leads to neuronal cell death remain 
elusive, though sufficient evidence connects pathogenesis to its membrane 
binding properties. For example, α-syn monomers can remodel both 
phosphatidylcholine (PC) and phosphatidylglycerol (PG) membranes into lipid 
tubes with various diameters as determined by transmission electron 
microscopy (TEM). In contrast to PC lipid tubes, we found that micellar PG 
tubes apparently convert into α-syn fibrils, and the fibril formation is stimulated 
at a low lipid-to-protein ratio. However, the isolated long micellar tubes do not 
form fibrils by themselves, emphasizing the importance of α-syn monomers for 
the observed effect. In contrast, no fibrils were evident at a higher lipid-to-
protein ratio, at lipid concentrations in which α-helices of α-syn are stabilized. 
By performing a kinetics study, changes in protein secondary structure and 
vesicle/fibril morphology were monitored during the α-syn aggregation process 
using circular dichroism spectroscopy and TEM, respectively. Based on TEM 
images, evidence of co-assembly of lipids and α-syn into fibrillar-like 
structures was revealed. Taken together, our results suggest an existence of 
an intimate relationship between lipids and α-syn amyloid formation in vivo. 
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Signal transduction on membrane surfaces 

Jay T. Groves, jtgroves@lbl.gov. Univ of California, Berkeley, California, 
United States 

Most intracellular signal transduction reactions take place on the membrane 
surface. The membrane provides much more than just a surface environment 
on which signaling molecules are concentrated. There is a growing realization 
that multiple physical and chemical mechanisms allow the membrane to 
actively participate in the signaling reactions. Using a combination of single 
molecule imaging and spectroscopic techniques, my research seeks to 
directly resolve the actual mechanics of signaling reactions on membrane 
surfaces both in reconstituted systems and in living cells. These observations 
are revealing new insights into cellular signaling processes as well as some 
unexpected functional behaviors of proteins on the membrane surface. 
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Interactions of phospholipids and proteins dictate vaporization of 
fluorocarbon droplets for ultrasound imaging 

Rajarshi Chattaraj, Andrew P. Goodwin, 
andrew.goodwin@colorado.edu. Univ Colorado Boulder, Boulder, Colorado, 
United States 

This talk will highlight our recent work in designing fluorocarbon droplets for 
both ultrasound imaging and therapy. Lipid-stabilized nanoemulsions 
containing a volatile liquid perfluorocarbon core have been studied as 
ultrasound contrast agents owing to their ability to transform into high-contrast 
microbubbles when subjected to high intensity focused ultrasound (HIFU). 
Depending on the acoustic stimulation conditions, the formed bubbles can be 
used to image the transient bubbles, for damaging adjacent tissue, or both. 
 
The first part of this talk will discuss our recent work in determining the effect 
of lipid shell composition on vaporization of droplets to bubbles. Inspired by 
previous studies showing lateral phase separation in microbubbles and 
vesicles, nanodroplets were formulated with a perfluorohexane core and a 
shell composed of varying amounts of saturated (DPPC) phospholipids, 
unsaturated (DOPC) phospholipids, and cholesterol, which were fractionated 
to obtain nanodroplets of mean diameter 300-400 nm that were stable for 
more than one week. When DOPC content was increased to 40 mol%, 
ultrasound contrast increased by about one order of magnitude over DPPC-
only droplets. Characterization by fluorescence microscopy and TEM helped 
to elucidate the dependence of acoustic response on lipid phase separation, 
which provides understanding of the rational design of acoustically-responsive 
nanoemulsions. 
 
In the second part of the talk, I will discuss how nonspecific interactions with 
proteins affect the vaporization of liquid droplets to microbubbles. As with 
most colloids in complex media, a protein corona forms around the 
fluorocarbon droplets. We theorize that these proteins interact with the lipid 
monolayer, creating defects in lipid packing and nucleating vaporization. 
Strongly-binding proteins were found to exhibit amphiphilic character. Addition 
of amphiphilic peptides resulted in reduction – though not complete 
elimination – of protein binding, indicating a potential strategy for creating 
protein-resistant amphiphiles for future in vivo applications. 
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Janus particles induce defects in supported lipid bilayers 

Kwahun Lee, kwahlee@indiana.edu, Yan Yu. Indiana University 
Bloomington, Bloomington, Indiana, United States 

Nanoparticles are used widely in our daily life. However, our understanding of 
their potential impact on the environment and human health is lagging behind 
despite the rapid application of nanoparticles. Surface coating of nanoparticles 
is known to significantly affect their interaction with biological systems, but the 
role of surface heterogeneity is unclear. In this study, we designed Janus 
nanoparticles with precisely controlled surface heterogeneity and investigated 
their impact on the integrity and function of lipid bilayers. Our results have 
shown that amphiphilic Janus particles that were hydrophobic on one 
hemisphere and positively charged on the other formed large defects in 
zwitterionic lipid bilayers. The defects were induced by nanoparticles' 
extracting lipids. The extent of defects depended on the particle concentration. 
This study demonstrates the importance of surface heterogeneity of 
nanoparticles in modifying their interaction with bio-membranes. It also 
suggests that surface presentation of chemical groups, not merely the 
existence of chemical groups, must be taken into consideration when one 
evaluates the biological impact of nanoparticles. 
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Integration of bio-membrane in synthetic nanoparticle for diagnosis and 
therapy 

Santosh Aryal1, saryal@ksu.edu, Tuyen Nguyen1, Arunkumar 
Pitchaimani2. (1) Chemistry, Kansas State University, Manhattan, Kansas, 
United States (2) Kansas State University, Manhatan, Kansas, United States 

Recent advent in the field of bio-inspired materials derived from the biological 
system as self-assembled biomaterials or in combination with biocompatible 
synthetic materials brings out the era of biomimetic technology, which can 
tackle with circulatory traffic and prevents nonspecific adsorption of the drug in 
the wide range of vital organs. The biomimetic cloaking of the synthetic 
nanoparticle using mammalian cell-ghosts has shown the installment of the 
biological complexity of the original cells thereby improving its therapeutic and 
diagnostic outcomes. Align towards this direction; we have developed a new 
class of bio-membrane integrated paramagnetic nanoparticles (BPN) which 



could communicate with an immune system for cooperative drug delivery. 
This new class of BPN is made up of synthetic materials such as phospholipid 
and/or biocompatible/biodegradable polymer integrate with cell membrane 
derive from blood pool cells followed by the insertion of gadolinium-based 
contrast agents. The engineered BPN shows successful retention of cell 
membrane-associated targeting protein on its surface. With its excellent 
biocompatibility, BNP shows a higher affinity towards cancer than normal cells 
as demonstrated by in vitro flow-passage assay, and exhibits enhanced tumor 
homing efficiency in-vivo with an extended plasma residence time of 18h. 
Along with targeting property, BNP exhibit high magnetic resonance relaxivity 
under magnetic resonance imaging which could serve as a promising contrast 
agent for diagnosis. In this talk, we will discuss the tackling of chemistry and 
engineering challenges to develop biomimetic long circulating nanosystem. 
The talk will be concluded with the properties and findings of engineered 
nanoconstructs including superior contrast enhancement properties for 
imaging and therapy. 
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Characterization of the binding of vesicles, viruses and cells to 
biomimetic lipid bilayers 

Mark Verheijden, m.l.verheijden@utwente.nl, Daniele Di Iorio, Gülistan 
Koçer, Jurriaan Huskens, Pascal Jonkheijm. University of Twente, Enschede, 
Netherlands 

In many biological processes, dynamic interactions and multivalency play a 
crucial role. This is particularly true for interactions at the cell membrane 
which is by itself a highly dynamic, multivalent ligand platform. Many biological 
interaction are not (fully) understood. For example: how many interactions are 
needed for a virus to be endocytosed? How do cells sense the dynamics of its 
environment and what is the effect on cell behaviour? What is the role of 
receptor density, mobility and clustering? Answering these kind of questions is 
not just fundamentally relevant. It will also aid in the design of biosensors, 
provide more control in tissue engineering and help the development of 
multivalent constructs for cell targeting and pathogen inhibition. 
 
Here, we employ a supramolecular surface modification method that allow for 
dynamic interactions with biological entities ranging from small molecules, to 
vesicles, viruses, and finally to cells. The surface modification consists of a 
functionalized supported lipid bilayer. This well-known cell membrane mimic 
also provides ease of preparation, controlled functionalization and non-fouling 



properties. Here, we have used these qualities to (1) probe the effect of 
receptor affinity on cell behaviour using lipidated “RGD” peptides (2) study 
interaction characteristics of an influenza virus model and (3) design a vesicle-
based system that targets not only based on receptor type but also based on 
receptor density (i.e. superselectivity). 
 
First, we characterize the fabrication of the interaction platform. Then, we 
demonstrate that (1) the synthesized library of lipidated RGD peptides has 
affinities ranging over 3 orders of magnitude for the lipid bilayer and that cells 
sense these differences and alter their behaviour accordingly; (2) the 
supported lipid bilayer can be employed as a powerful platform to 
quantitatively investigate virus binding; (3) superselective targeting of 
liposomes to supported lipid bilayers displaying laterally mobile ligands was 
achieved. In these studies, read-out was performed using surface sensitive 
techniques (QCM-D, ellipsometry, fluorescence microscopy and flow 
cytometry) and cell studies (fixed and live cell imaging). 
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Nanoscopic rotational tracking reveals binding dynamics of cell 
membrane-camouflaged nanoparticles on lipid membranes 

Yanqi Yu2, yu63@indiana.edu, Yuan Gao2, Yan Yu1. (1) Indiana University, 
Bloomington, Indiana, United States (2) Chemistry, Indiana University 
Bloomington, Bloomington, Indiana, United States 

Camouflaging synthetic nanoparticles with cell membranes is a new promising 
strategy used in designing biomimetic drug delivery platforms. Compared to 



conventional particles, the cell membrane-camouflaged ones have unique 
advantages, such as prolonged blood circulation and the possibility of creating 
patient-specific carriers. While studies on the development and application of 
cell membrane-camouflaged nanoparticles are rapidly emerging, little has 
been done to understand the interactions between such nanoparticles and the 
cell membranes they bind to. A particularly imporatnt aspect of the 
interactions is the binding dynamics. In this study, we developed a nanoscopic 
tracking method to elucidate the binding dynamics between cell membrane-
camouflaged nanoparticles and ligand-decorated lipid bilayers. Different from 
previous single-particle studies on ligand-receptor binding, we measured both 
the translational and rotational dynamics of single nanoparticles as they 
moved on lipid bilayers, searched for ligands, and eventually bound to the 
ligands. We observed distinctive rotational behavior of the nanoparticles, 
which reveal unprecedented detail of the multivalent ligand-receptor binding. 
Our results provide new insights into understanding the interactions between 
cell membrane-coated nanoparticles and biomembranes. 
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Attachment of Alcanivorax borkumensis to oil-in-water emulsion 
droplets stabilized by different dispersants 

Akram Abbasi3, akram_abbasi@uri.edu, Geoffrey D. Bothun2, Arijit 
Bose1. (1) University of Rhode Island, Kingston, Rhode Island, United States 
(2) Chemical Engineering, University of Rhode Island, West Kingston, Rhode 
Island, United States (3) university of Rhode island, Wakefield, Rhode Island, 
United States 

Alcanivorax borkumensis (AB) is a marine bacterium that dominates bacterial 
communities around many oil spills because it uses oil as a nutrient source, 
and enzymatically degrades alkanes. To aid the degradation process following 
a spill, different dispersants have been used to produce oil-in-water 
emulsions. The additional surface area produced by emulsification provides 
greater access to the oil, and accelerates the degradation. Here, we use 
fluorescence and cryogenic scanning electron microscopy to examine the first 
critical part of the multistep biodegradation process - the attachment of AB to 
oil (hexadecane)-in-artificial sea water emulsions, stabilized either by 
surfactants released by AB, by Corexit EC9500A, by Tween 20 or by carbon 
black particles. When no dispersants were used, naturally produced 
surfactants allowed emulsification, and the AB attached to the hexadecane-
water interfaces from the first day. When Corexit EC9500A was used, 
emulsion droplet sizes were small. AB did not attach to the oil droplets after 3 



days, and only limited attachment was observed after 7 days. 
No AB attachment was observed when Tween 20 was used as the dispersant. 
However, the AB used Tween 20 as a nutrient source. AB attach easily to 
carbon black stabilized emulsions. Our results provide important information 
for the first step in the oil biodegradation process following a marine spill. 
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GPCR ligand residence times obtained by all-atom simulation 

Long Chen1, gamestar@udel.edu, Edward Lyman2,1. (1) Chemistry and 
Biochemistry, University of Delaware, Newark, Delaware, United States (2) 
Physics and Astronomy, University of Delaware, Newark, Delaware, United 
States 

G protein-coupled receptors (GPCRs) are the largest class of membrane 
proteins and are involved in a wide variety of physiological processes, making 
them targets of around 30-50% of medicinal drugs. Ligand binding kinetics, 
especially the residence time, are emerging as a target for pharmaceutical 
optimization. However, the timescale of ligand binding kinetics (residence 
time, 10^0 ~ 10^3 s) is a challenge to regular molecular dynamics (MD) which 
is limited up to the microsecond time scale. Here we studied the ligand 
unbinding kinetics of the A2A adenosine receptor using Weighted Ensemble 
(WE) simulation, which leverages massive parallelism and kinetic resampling 
to accelerate rare events. First we validated the method by comparing the 
results of both brute force simulation and WE simulation of A2A adenosine 
receptor bound to caffeine using a coarse-grained model. Then we performed 
all-atom WE simulations of the A2A adenosine receptor bound to either of two 
agonists, caffeine or 5′-(N-ethylcarboxamido)adenosine (NECA). With WE 
simulation, large numbers of ligand unbinding events are observed, while 
none are observed by microsecond timescale standard MD. Although rates 
are in qualitative agreement with experimental measurements, the variance 
between WE runs is significant, and a target for future work. 
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Multi-component lipid bilayer membranes on GO: Domain distribution 
and fluidity evaluation 

Ryugo Tero, tero@tut.jp, Yoshiaki Okomoto, Shun Saito. EIIRIS, Toyohashi 
University of Technology, Toyohashi Aichi, Japan 



Lipid bilayer is a fundamental structure of plasma membranes, and plays 
important roles for various membrane reactions such as the transport of 
material, energy, and information. Graphene oxide (GO) has a unique 
fluorescence quenching property, and applied to biosensing recently. In this 
study, we formed multi-component supported lipid bilayer on GO, and 
observed the distribution of domains and evaluated the fluidity. 
We formed the SLB comprising of 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) and 1,2-dioleoyl-sn-glycero-3-phosphocholine 
(DOPC), or of DOPC and polyethylene glycol-1,2-disterol-sn-glycero-3-
phosphoethanolamine (PEG-DSPE) by the vesicle fusion method. The GO 
suspension was prepared by the modified Hummer’s method, and was 
dropcast on a thermally oxidized SiO2/Si substrate 
In the DPPC+DOPC (1:1)-SLB, phase separation between DPPC-rich gel 
phase and DOPC-rich liquid crystalline (Lα) phase occurs at 25 °C. The former 
is observed higher in AFM topography and darker in fluorescence image than 
the latter. Atomic force microscope (AFM) topography show that the gel-
domains selectively existed on the GO region and that the surrounding 
SiO2 region was free from the gel-domains. Fluorescence images also 
showed that the dark gel-domains were not observed in the vicinity of GO 
while the gel-domains existed in the SiO2 region away from GO. In the SLB 
comprising of DOPC and PEG-DSPE, PEG-DSPE-rich domains appeared at 
the PEG-DSPE concentration higher than 5 %, also preferentially on GO. We 
measured the diffusion coefficient (D) of the SLB on GO by single particle 
tracking (SPT) using a quantum dot (Qdot) as a fluorescence probe. 
Fluorescence dyes are not available under the quenching effect of GO, but 
Qdot was bright enough for SPT measurement on GO. The values of D were 
2.64 μm2/s at PEG-DSPE 2.5%, 2.45 μm2/s at 5.0%, and 1.21 μm2/s at 7.5%. 
Lateral mobility of lipids decreased with the concentration of PEG-DSPE. 
These results indicate that less-fluid lipid components were concentrated on 
GO, and more fluid components distributed in the SLB around GO.  
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In-vivo structure of the Gram-positive bacterial plasma membrane 

Robert F. Standaert1,2, standaertrf@ornl.gov. (1) Shull Wollan Center — a 
Joint Institute for Neutron Sciences,, Oak Ridge, Tennessee, United States (2) 
Biosciences and Neutron Scattering Divisions, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, United States 

Cellular membranes (biomembranes) provide both permeability barriers and 
multifunctional interfaces to cells. Because of their fundamental role in life, 



biomembranes have been the object of fascination and intensive study. 
However, understanding their structure in detail has proven challenging 
because they are intrinsically nanoscopic, with a transverse thickness of a few 
nanometers and lateral features up to tens of nanometers. Only probes of 
sufficiently short wavelength — X-rays, electrons and neutrons — can detect 
these features directly. The outstanding challenge has been creating contrast 
between the membrane and the cellular background. 
Here we describe the application of in-vivo neutron contrast variation to 
resolve both transverse and lateral structure in the plasma membrane in the 
Gram-positive bacterium Bacillus subtilis. As opposed to X-rays and electrons, 
neutrons can differentiate ordinary hydrogen (H) from its heavy isotope 
deuterium (D). Specifically, these isotopes have different neutron scattering 
lengths, and varying their ratio in a molecule changes its scattering length 
density (SLD). Contrast results from differences in SLD. 
We used a combination of classical and chemical genetics implement contrast 
variation in cells, first making them invisible by matching their SLDs to that of 
the aqueous medium, and second by introducing contrast into the membrane 
specifically (Figure). All common biomolecules can have their SLDs matched 
to that of heavy water (D2O) through deuteration of their carbon skeletons to 
the extent of about 75%. Subsequent introduction of all-H fatty acids 
introduced strong contrast into the membrane. Using small-angle neutron 
scattering (SANS), we directly observed the in-vivo lamellar structure of the B. 
subtilis plasma membrane and measured its transverse hydrophobic 
thickness as 24.3 ± 0.9 Å. Using a second set of contrast conditions, we were 
able to detect scattering signals indicative of nanoscopic lateral structure, 
possibly lipid domains. 

 
 
Use of in-vivo neutron contrast variation to study the bacterial plasma membrane. 
Cells are first rendered invisible, and the membrane lipids (brown) then highlighted. 
The cell wall is shown in green, and cytoplasmic molecules (proteins, DNA and 
RNA) are multi-colored. 
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Molecular modeling of nanoparticle permeation in lipid membranes for 
drug delivery applications 
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Permeation of small molecules through lipid bilayer membranes is a 
fundamental biological process that is important to understand in developing 
therapeutic applications. Nanoparticles have recently become important 
carriers for drug delivery in such therapeutic applications. We describe 
coarse-grained simulation methods applicable to such large systems and use 
examples where the permeants are bare gold nanocrystals, gold-core 
nanoparticles with hydrophobic ligands (alkanethiol ligands of various 
lengths), and gold-core nanoparticles with hydrophilic ligands (methyl-
terminated polyethylene glycol ligands of various lengths). In addition to 
spherical gold nanoparticles, we also examine the characteristic permeation 
mechanisms of the differently shaped gold nanorods with polyethylene glycol 
ligands, where the aspect ratio different from 1 makes the permeation event 
dependent on the angle of the nanorod axis relative to the membrane surface. 
This paper examines the phenomena associated with the interaction of these 
various permeants with the phospholipid bilayer that serves as our model 
membrane. We consider adsorption at the interface, the permeant within the 
top lipid leaflet, in the middle of the membrane within the lipid tail region, and 
finally exiting the membrane on the way to recovery, for the various 
permeants. As a consequence of nanocarrier permeation, we observe the 
formation of a water pore, occasional transport of ions across the lipid bilayer, 
lipid translocation, and lipid displacement from the membrane. We investigate 
the rotational behavior of PEGylated nanorods during the permeation process 
and the available pathways for these nanorods in completing the permeation. 
These events differ depending on the chemical nature (hydrophobic or 
hydrophilic) of the ligands, their length, the surface coverage density on the 
gold surface, and the aspect ratio of the gold nanocarrier core. 

COLL 555 

Effects of incorporating channel forming peptides on the thermal 
fluctuations in lipid bilayers 



Michihiro Nagao1,2, mnagao@indiana.edu, Elizabeth G. Kelley1, Paul 
Butler1. (1) NIST Center for Neutron Research, National Institute of Standards 
and Technology, Gaithersburg, Maryland, United States (2) Department of 
Physics, Indiana University, Bloomington, Indiana, United States 

The importance of understanding the dynamic nature of the membrane 
environment surrounding membrane proteins is highlighted in recent studies. 
Depending on the hydrophobic mismatch between the lipid membranes and 
the embedded proteins, interactions between the lipids and proteins may alter 
the structural and dynamical membrane deformations. A prototypical example 
is gramicidin, in which the channel formation and lifetime directly depends on 
the lipid membrane environment. Here we use neutron spin echo 
spectroscopy (NSE) to measure both the collective bending and thickness 
fluctuation dynamics in dimyristoylphosphatidylcholine (DMPC) and 
dipalmitoylphosphatidylcholine (DPPC) bilayers containing gramicidin at low 
peptide/lipid ratios. At these low concentrations, gramicidin incorporation did 
not have a measurable effect on the average bilayer structure but significantly 
impacted the collective membrane dynamics. The bending modulus of DMPC 
membranes increased with increasing gramicidin concentration, while the 
trend in DPPC was non-monotonic. In contrast, the thickness fluctuation 
amplitude increased with increasing gramicidin concentration in both the 
DMPC and DPPC lipid bilayers. Notably, combining the bending and 
thickness fluctuation results revealed that the seemingly disparate 
concentration trends in the DMPC and DPPC lipid bilayers were both 
consistent with an increase in coupling between the bilayer leaflets with 
increasing gramicidin concentration. The non-monotonic trend observed for 
the bending modulus in DPPC bilayers was attributed to the effects of the 
larger hydrophobic mismatch between gramicidin and the membrane. 
Together these results highlight the interplay between lipids and peptides in 
determining the membrane dynamics. 

COLL 556 

GPCR-chol interactions: Predictions from all-atom and coarse-grained 
simulations 

Edward Lyman3,4, elyman@udel.edu, Lewen Yang3, Eric Rouviere3, Claire 
McGraw2, Anne S. Robinson1. (1) Chem and Biomolecular Eng, 300 Lindy 
Boggs Bldg, Tulane University, New Orleans, Louisiana, United States (2) 
Chemical and Biomolecular Engineering, Tulane University, New Orleans, 
Louisiana, United States (3) Physics and Astronomy, University of Delaware, 



Newark, Delaware, United States (4) Chemistry and Biochemistry, University 
of Delaware, Newark, Delaware, United States 

Several cholesterol binding motifs have been identified on G-protein coupled 
receptors (GPCRs), ion channels, and transmembrane segments. There is as 
yet, however, no consensus on the extent of functional effects of cholesterol 
on GPCR function, let alone on the mechanism. On the basis of extensive 
coarse-grained and all-atom simulations of the A2A adenosine receptor, two 
new cholesterol binding sites are proposed by scoring . Calculations of the 
free energy of cholesterol interactions at these sites, as well as the cholesterol 
consensus motif, are used to determine whether an allosteric mechanism is 
responsible for experimentally-observed functional effects. 

COLL 557 

Composition and physical properties of living membranes 

Ilya Levental, ilya.levental@uth.tmc.edu, Joseph Lorent, Kandice 
Levental. Integrative Biology and Pharmacology, University of Texas Health 
Science Center at Houston, Houston, Texas, United States 

The lipid raft hypothesis posits that ordered, lateral membrane domains are 
important for the regulation of plasma membrane (PM) structure and function 
in eukaryotes. Giant Plasma Membrane Vesicles (GPMVs) are isolated 
plasma membranes that microscopically separate into coexisting ordered and 
disordered phases, facilitating experimental analysis of the composition and 
physical properties of ordered raft domains in biological membranes. In these 
studies, we analyze the biophysical and lipidomic differentiation of the plasma 
membrane in Mesenchymal Stem Cells (MSC) as the cells undergo 
differentiation into adipocytes and osteoblasts. During differentiation, dramatic 
remodeling the PM lipidome, including lipid acyl chain length and 
unsaturation, results inchanges to membrane order and phase separation. 
These observations elucidate the compositional determinants of biophysical 
properties in biological membranes, as well as identify lineage-specific PM 
features. These results facilitate rational remodeling of membrane phenotypes 
to direct differentiation, as supplementation with w-3 docosahexaneoic acid 
(DHA) promoted the osteoblastic PM phenotype and potentiated osteogenic 
differentiation. The differences in the physical properties of the coexisting 
domains lead to preferential protein partitioning between them. We evaluate 
the structural determinants of raft partitioning of a model transmembrane 
protein, and find that raft phase partitioning is related to features of the 
protein’s transmembrane domain (TMD), namely the hydrophobic length and 



surface area of the TMD. Longer TMDs impart greater raft association while 
TMDs with larger, bulkier amino acid side chains prefer the non-raft phase. 
We present a simple physical model wherein raft partitioning is driven by 
phase-dependent differences in interfacial energy between the TMD and its 
surrounding lipid matrix, and find excellent quantitative agreement with 
observations that provide the first predictions of protein-lipid surface tension. 
These results point the way to a general rule for raft partitioning of 
transmembrane proteins. 

COLL 558 

Structural basis of hydrophilic-polymer-modified lipid domains in 
supported lipid bilayer and their physical properties 

Yasuhiro Kakimoto1, kakimoto82@gmail.com, Ryugo Tero2. (1) Toyohashi 
University of Technology, Toyohashi, Japan (2) EIIRIS, Toyohashi University 
of Technology, Toyohashi Aichi, Japan 

Cell membranes are the reaction fields for recognition of outer environment 
and for transportation of information. Modified lipids with hydrophilic molecules 
on their head groups, as represented by glycolipids, play important roles in 
these biological reactions. Their functions and efficiency are influenced by the 
aggregation state, but localization of these lipids is less understood compared 
with that induced by the interaction in the hydrophobic core of lipid bilayers, 
probably because of competition between attraction via hydrogen bond and 
hydration fluctuation repulsion. These interactions also make the observation 
with atomic force microscope (AFM) difficult, inducing artificial forces between 
a sample and a cantilever tip. In this study, we aim to establish a methodology 
to measure the aggregation state and physical properties of the modified 
lipids. 
We used poly-ethylene glycol (PEG)-modified lipid (PEG-DSPE) as a model 
modified lipid, and formed supported lipid bilayers (SLBs) containing PEG-
DSPE on a thermally oxidized SiO2/Si substrate by the vesicle fusion method. 
SLB is an artificial lipid bilayer system existing at solid-liquid interfaces, and 
used for the investigation of the fundamental physicochemical properties of 
lipid bilayers. We prepared PEG-SLBs with various PEG-DSPE concentration 
(CPEG) and investigated their structures and fluidity with AFM, epifluorescence 
microscopy (epi-FM) and the fluorescence recovery after photobleaching 
(FRAP) method. AFM topographies (Figure 1) show that protrusions with 1-2 
nm height existed in flat and uniform PEG-SLBs at CPEG≦~6 %. Depression 
regions with 2-3 nm depth emerged in PEG-SLB at CPEG≧~5 % and increased 
with CPEG. Epi-FM observation showed that the depression regions are PEG-



DSPE-rich domains. We may attribute these morphologies to two types of 
PEG chain state, known as mushroom and brush regime states. Resutls of 
FRAP showed that diffusion coefficient and mobile fractions decreased with 
the increase in CPEG. We concluded that PEG-DSPE formed domains via the 
interaction between PEG chains, and the domains reduced the fluidity of 
SLBs. We will describe the detailed physical properties of PEG-SLBs and 
defined relationship of CPEG and microdomains on PEG-SLBs. 

 
Figure 1. AFM topographies of PEG-SLBs and dependence on CPEG. 

COLL 559 

QCM-D study of formation of five-component supported lipid bilayer 
incorporating cholesterol, sphingomyelin, and ganglioside 

Elaheh Kamaloo2, elaheh.kamaloo@gmail.com, Ramanathan Nagarajan1, 
Terri A. Camesano3. (1) Natick Soldier RDEC, Natick, Massachusetts, United 
States (2) Chemical Engineering, Worcester Polytechnic Institute, Worcester, 
Massachusetts, United States (3) Worcester Polytechnic Institute, Worcester, 
Massachusetts, United States 

Supported lipid bilayers (SLBs) have become important model systems to 
study the biophysical properties of lipid membranes as well as the interactions 
of various biomolecules with the membranes. The robust formation of SLBs 
have been demonstrated mostly for systems with one or two lipid components 
and QCM-D has become a convenient tool to monitor the formation of the 
SLB. The mechanism of SLB formation by vesicle fusion has been explained 
in terms of the controlling factors of membrane tension and vesicle–vesicle 



and vesicle–substrate interactions. Correspondingly, variables including the 
vesicle size, vesicle concentration, temperature, flow conditions, buffers of 
different ionic strengths have been used to obtain robust SLB systems. The 
experimental conditions to form a SLB with a given phospholipid does not 
translate well to other lipid choices as well as compositions. The present study 
aims at establishing a SLB model for studies of Aβ peptide interactions with 
bilayers to assess the influence of lipid components of neuronal membrane in 
Alzheimer’s disease. These membranes are lateral heterogeneous structures 
including domains enriched with cholesterol and sphingomyelin referred as 
“lipid rafts” and the presence of multiple lipid components makes the robust 
formation of the SLB challenging. In this study, the formation of a five-
component SLB composed of 1,2-dioleoyl-sn-glycero-3-phosphocholine 
(DOPC), 1,2-dioleoyl- sn-glycero-3-phospho-L-serine (DOPS), cholesterol 
(Chol), sphingomyelin (SM), and ganglioside (GM1) was investigated using 
QCM-D. Different experimental conditions were tested to induce vesicle 
fusion, such as pH, temperature, osmotic pressure, and vesicle size. The key 
parameter in forming the bilayer was found to be applying osmotic pressure to 
the vesicles by having the concentration of NaCl in the vesicles exterior higher 
than that inside the vesicles. When this concentration difference was applied 
to the vesicles before flowing them on the substrate, vesicle rupture was 
favored and the reproducible formation of a complete bilayer could occur. 
Here, we report the effects of all variables investigated on the adsorption and 
fusion of the vesicles, and the results are discussed based on the 
mechanisms of vesicle-vesicle and vesicle-substrate interactions. 

COLL 560 

Coalescence and spontaneous emulsification in the presence of 
asphaltenes 

Gerald G. Fuller1, ggf@stanford.edu, Simone Bochner1, Maria Merola1, 
Dimitris Vlassopoulos2. (1) Chem Eng, Stanford Univ, Stanford, California, 
United States (2) Dept of Mats Sci Tech, University of Crete, Crete Heraklion, 
Greece 

In refining operations and in upstream production of oil, water-in-oil emulsions 
are invariably encountered. However, complex components of crude oil such 
as asphaltenes may stabilize these emulsions causing difficulties in 
separation efficiency and water removal. Here we show the coalescence 
inhibition caused by asphaltene adsorption for both water-in-oil and oil-in-
water emulsions, where the oil phase consists of a simple model of 
asphaltenes dissolved in toluene. We find that oil-in-water emulsions are less 



stable than water-in-oil emulsions by using a newly developed instrument 
where controlled experiments for the coalescence time of a single droplet 
against an oil/water interface can be measured as a function of asphaltene 
aging (associated with the adsorption process of asphaltene molecules onto 
interfaces) and asphaltene concentration. Furthermore, we find that the 
coalescence time for water droplets exhibits a maximum due to a 
spontaneous emulsification at the oil/water interface that produces micron-
sized droplets consisting of asphaltene-laden water droplets. 

COLL 561 

Non-aqueous emulsion as a versatile tool for new types of nanoparticles 

Markus Klapper, klapper@mpip-mainz.mpg.de, Filiz Karagoez, Danijel 
Vidakovic, Klaus Muellen. Max-Planck-Institute for Polymer Research, Mainz, 
Germany 

Polymer latex particles are nanofunctional materials with widespread 
applications including electronics, pharmaceuticals, photonics, cosmetics, and 
coatings. These materials are typically prepared using waterborne 
heterogeneous systems such as emulsion, miniemulsion, and suspension 
polymerization. However, all of these processes are limited to water-stable 
catalysts and monomers mainly polymerizable via radical polymerization. We 
describe a method to overcome this limitation: nonaqueous emulsions can 
serve as a versatile tool for the synthesis of new types of polymer 
nanoparticles. 
To form these emulsions, two nonmiscible nonpolar/polar aprotic organic 
solvents mixtures of either DMF or acetonitrile in alkanes and carefully 
designed amphiphilic block and statistical copolymers, such as polyisoprene-
b-poly(methyl methacrylate) (PI-b-PMMA), as additives are used to stabilize 
these emulsions.We demonstrate how nonaqueous emulsions allow the use 
of a broad variety of hydrolyzable monomers and sensitive catalysts to yield 
polyester, polyurethane, polyamide, and conducting polymers under ambient 
reaction conditions. 
Because metallocenes are sensitive to nitrile and carbonyl groups,we 
developed a second system, which consists of alkanes dispersed in 
perfluoroalkanes. In this case, we designed a new amphipolar polymeric 
emulsifier with fluorous and aliphatic side chains to stabilize the emulsions. 
Such heterogeneous mixtures facilitated the catalytic polymerization of 
ethylene or propylene to give spherical nanoparticles of high molecular weight 
polyolefins. 



This nonpolar emulsion strategy dramatically increases the chemical palette of 
polymers that can form nanoparticles via emulsion polymerization. 

 
 
Schematic illustration of a non-aqueous emulsion 

COLL 562 

Microtensiometer platorm for characterization of fluid-fluid interfaces 
through sudden changes in environment 

Lynn Walker, lwalker@andrew.cmu.edu. Carnegie Mellon Univ, Pittsburgh, 
Pennsylvania, United States 

We have been developing a microtensiometer platform (μTENs) that 
quantifies interfacial tension at fluid-fluid interfaces on microscale interfaces. 
Based on the principle of a capillary tensiometer, the μTENs has been 
adapted to allow for key steps in interfacial processing to be studied. The 
small area of the interface allows for sudden changes in the environment and 
control of the environment; this allows for step changes in bulk solution to 
characterize irreversibility of adsorption and competition of multicomponent 
species. Thermal and pressure control of the environment are feasible, 
including extremes in these variables. Current efforts involve incorporating 
electric fields and fluid flow near the interface. Potential for this platform in 
characterizing interfaces in nonstandard and unusual environments will be 
discussed. 

COLL 563 

Hollow microspheres using interfacial trapping of pristine graphene 
sheets 



Chinthani D. Liyanage1, madduma.dulanthika@uconn.edu, Douglas H. 
Adamson2,3. (1) Department of Chemistry, University of Connecticut, 
Willimantic, Connecticut, United States (2) Chemistry, University of 
Connecticut, Storrs, Connecticut, United States (3) Polymer Programe, 
University of Connecticut, Storrs, Connecticut, United States 

Graphite is a unique material which possess excellent electrical, thermal and 
mechanical properties. Nevertheless, the difficulty exfoliation and dispersing 
graphene is a major challenge for its commercial applications. Here we report 
the large-scale production of low density hollow spheres defined by a thin 
shell of a graphene/polystyrene composite. These spheres are assembled by 
a thermodynamically driven process of exfoliation of graphite in which 
graphene sheets exfoliate and spread to stabilize the high-energy interface of 
water and oil. The sheets thus act as a 2D surfactant and self-assemble to 
stabilize water-in-oil emulsions that are utilized as polymerization templates. 
In this study, the much of the styrene continuous phase of the emulsion is 
replaced by a non polymerizable, volatile organic solvent such as heptane. 
After polymerization, removal of water results in low density, individual 
polystyrene coated graphene hollow microspheres. The monomer 
concentration varied and the mechanical, thermal and electrical properties of 
the spheres were studied. Additionally, the close packing of the emulsion 
droplets under the pull of gravity is shown to affect the sphere size and shape. 
The size distribution and shape-sphericity were determined using dynamic 
image analysis, and nano indentation was employed to measure mechanical 
properties such as hardness, stiffness and modulus of these individual 
spheres. 

COLL 564 

Exopolymer produced in the marine environment enhances the stability 
of oil in water emulsions under saline conditions 

Marzhana Omarova7, momarova@tulane.edu, Lauren T. Swientoniewski8, 
Igor Kevin Mkam Tsengam6, Diane A. Blake5, Abhishek Panchal3, Yuri M. 
Lvov4, Tianyi Yu2, Donghui Zhang1, Vijay T. John7. (1) 437 Chemistry 
Materials Building, Louisiana State University, Baton Rouge, Louisiana, 
United States (2) Chemistry, Louisiana State University, Baton Rouge, 
Louisiana, United States (3) Institute for MIcromanufacturing, Louisiana Tech 
University , Ruston, Louisiana, United States (4) Louisiana Techl University, 
Ruston, Louisiana, United States (5) Tulane Univ Health SCI Ctr, New 
Orleans, Louisiana, United States (6) Chemical and Biomolecular 
Engineering, Tulane University, New Orleans, Louisiana, United States (7) 



Chemical and Biomolecular Engineering, Tulane University, New Orleans, 
Louisiana, United States (8) Tulane University School of Medicine, New 
Orleans, Louisiana, United States 

The role of marine microorganisms in the oil transport has been actively 
investigated since flocculations containing crude oil were found at seabeds. 
These flocculations are made of various by-products of crude oil metabolism 
by microorganisms that include mucous-like bacterial biofilm. One such 
bacterial species that form biofilm is Alcanivorax borkumensis, a rod-shaped 
alkane degrading bacterium that is known to dominate the microcosm near oil 
spill sites. We show that biofilm formed by Alcanivorax borkumensis acts a 
very effective crude oil emulsifier. These bacteria are known to produce 
biosurfactant naturally which allows to form very small droplets. The 
exopolymer of the biofilm formed by these bacteria provides steric hindrance 
against droplet coalescence thus promoting emulsion stability over a period of 
at least four weeks. Cryogenic electron microscopy is used to characterize the 
biofilm and show attachment of the cells on the surface of oil. Cryo-SEM gives 
a clear visual evidence of emulsion droplets stabilized by exopolymer. We 
additionally analyze the system of crude oil/bacterial culture by measuring 
interfacial tension decrease as a result of cell proliferation. The additional 
aspect of the work addresses the fundamentals of sedimentation in the 
context of microbial biofilm and crude oil interactions. 

 
 



COLL 565 

Development, characterization, and application of novel high 
temperature thermoplastic and thermoset dispersions 

Dan Dermody, dldermody@dow.com, Dave Malotky, Rick Lundgard, Robert 
Moglia, Manesh Sekharan, Matt Kalinowski, Tim Young, Jay Romick, Daniel 
Himmelberger, Jodi Mecca. Dow Chemical Company, Midland, Michigan, 
United States 

In this presentation we discuss the theory and practice of emulsification of 
thermoplastic and thermoset materials at elevated temperatures using Dow 
Chemical’s HIPE (High Internal Phase Emulsion) process, also known as 
BLUEWAVE™, as well as applications of these materials. First, previous work 
on the effect of interfacial tension (IFT) and the rheology of the internal and 
external phases on droplet formation is described. This understanding is then 
expanded to enable the emulsification of thermoplastics and thermosets at 
elevated temperatures. Specific examples of designed particle and coating 
morphology that result from our dispersion process, and how these influence 
application performance will also be discussed. 

COLL 566 

High pressure CO2-in-mineral oil emulsions and N2-in-mineral oil foams 
stabilized by polydimethylsiloxane-based surfactants as a waterless 
hydraulic fracturing fluid 

Shehab Alzobaidi2, shehab.alzobaidi@utexas.edu, Jason Lee3, Chang Da2, 
Gianfranco Rodriguez3, Justin Harris2, Robert J. Perry1, Keith P. Johnston2, 
Robert M. Enick3. (1) GE Global Research, Niskayuna, New York, United 
States (2) University of Texas Austin, Austin, Texas, United States (3) 
University of Pittsburgh, Pittsburgh, Pennsylvania, United States 

Viscous, water-free, high pressure liquid CO2-in-oil (C/O) emulsions and N2-in-
oil (N/O) foams have been stabilized by interfacially active, oil-soluble, 
polymeric surfactants with oleophilic long-chain alkyl pendant groups on a 
CO2-philic polydimethylsiloxane (PDMS) backbone.These emulsions and 
foams can eliminate the need for water in hydraulic fracturing fluids and 
reduce formation damage. 
We designed and synthesized series of polymeric surfactants, which are 
comprised of a PDMS backbone with multiple pendent oleophilic alkyl 
segments. The emulsions/foams were formed by either mixing with an 



impeller (quality or volume fraction up to 60 vol%) or by simultaneously co-
injecting the fluids through a beadpack of 22 Darcy unconsolidated sand 
(quality up to 90 vol%). 
The novel, completely hydrophobic surfactants adsorb at the (C/O) or (N/O) 
interface despite the very low interfacial tension (driving force) without 
surfactant present. At a concentration of 2 wt % in oil, the surfactant stabilizes 
the emulsions and no gelation of oil occurs. The 50-90% quality C/O 
emulsions, with CO2 droplet sizes in the 5 – 150 micron range, exhibited an 
apparent viscosity of about 3 - 18 cP at 25oC and 2500 psia as determined 
with falling ball and capillary viscometers. The emulsions were stable for over 
a day as indicated by photographs and determination of the bubble size with 
microscopy. In contrast, N/O foams had an apparent viscosity ranging from 
15-65 cP. Oil-soluble surfactants with optimum CO2 or N2-philic and oil-phobic 
balance, based on the decrease in the interfacial tension, were the only 
surfactants that stabilized the oil emulsions. 
We have addressed a major limitation in the generation and stabilization non-
aqueous CO2 and N2 energized emulsions and foams for water-sensitive 
formations, by providing criteria for surfactant design. The surfactant design 
criteria is based on a fundamental understanding of the relationship between 
foam apparent viscosity in terms of interfacial properties, phase behavior, as 
well as foam texture. We also compare C/O and N/O emulsions and foams 
apparent viscosity versus gas solubility in oil. The waterless, viscous 
emulsions and foams are hydraulic fracturing fluids that offer an efficient way 
to add both the novel surfactant and the proppant to the mineral oil at ambient 
pressure (rather than blending surfactant and/or proppant with high pressure 
CO2 or N2) for improved oil or gas recovery in water-sensitive formations. 

COLL 567 

Schizophrenic diblock copolymer functionalized nanoparticles as 
temperature responsive Pickering emulsifiers 

Hari Katepalli1, hkatepalli@dow.com, Mikhil Ranka2, Daniel Blankschtein2, T. 
Alan Hatton2. (1) The Dow Chemical Company, Midland, Michigan, United 
States (2) Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States 

Stimuli-responsive pickering emulsions have received considerable attention 
in recent years, and the utilization of temperature as a stimulus has been of 
particular interest. Previous efforts have led to responsive systems that enable 
the formation of stable emulsions at room temperature, which can 
subsequently be triggered to destabilize with an increase in temperature. The 



development of a thermoresponsive system that exhibits 
the opposite response however, i.e., one that can be triggered to form stable 
emulsions at elevated temperatures and subsequently be induced to phase 
separate at lower temperatures, has so far been lacking. Here, we describe a 
system that accomplishes this goal, by leveraging a schizophrenic diblock 
copolymer that exhibits both an upper and a lower critical solution 
temperature. The diblock copolymer was conjugated to 20nm silica 
nanoparticles, which were subsequently demonstrated to stabilize O/W 
emulsions at 65oC and trigger phase separation upon cooling to 25oC. The 
effects of particle concentration, electrolyte concentration, and polymer 
architecture were investigated, and facile control of emulsion stability was 
demonstrated for multiple oil types. Our approach is likely to be broadly 
adaptable to other schizophrenic diblock copolymers, and find significant utility 
in applications such as enhanced-oil recovery and liquid-phase 
heterogeneous catalysis, where stable emulsions are only desired 
at elevated temperatures. 

COLL 568 

Structure influence on the mechanical properties of self-assembled 
nanoparticle systems 

Xiao-Min Lin, xmlin@anl.gov. Center for Nanoscale Materials, Argonne 
National Laboratory, Argonne, Illinois, United States 

Colloidal nanoparticles typically consist of inorganic core and organic 
stabilizing ligands. The detail structural feature of both the inorganic particle 
and organic ligand can influence the macroscopic mechanical properties of 
the self-assembled systems. In this talk, I will focus on two different examples. 
One is the self-assembled nanoparticle membranes formed at air-liquid 
interface. Because of the inhomogeneous interface where the system is 
assembled, the surface ligand develops a subnanometer asymmetric 
distribution. Temperature cycle of the membrane shows a hysteretic 
mechanical property that can be associated with the temperature induced 
reorganization of surface ligand. In a different example, I will show that the 
dynamical shearing of colloids consist of monodisperse nanoparticles can 
induce organization of nanoparticles into hexagonally stacked layers 
perpendicular to shear direction. As a result, the system adopt a low viscosity 
curve than steady shear. Disruption of this ordered structure can induced a 
thickening behavior, but it occurs at a different critical shear stress than the 
critical shear stress for thickening during steady shear. The degree of particle 
monodispersity and surface roughness of the particles influence this 



rheological behavior drastically. These behaviors underscore the importance 
in understanding the nanometer or subnanometer structural details in order to 
interpret the mechanical properties of self-assembled system. 

COLL 569 

Novel approaches to nanoparticle size control through continuous 
growth 

Dale Huber, dlhuber@sandia.gov. Center for Integrated Nanotechnologies, 
Sandia National Laboratories, Albuquerque, New Mexico, United States 

Traditional approaches to nanoparticle size control generally attempt to 
control size by controlling the nucleation step and varying the number of 
nuclei formed. I will present several approaches to nanoparticle size control 
and systematic variation that seeks to control and systematically vary 
nanoparticle size using identical nucleation events, but varying the 
nanoparticle growth. The approaches have in common the constant addition 
of nanoparticle precursor that leads to a steady state reaction. This method, 
referred to as the Extended LaMer mechanism, leads to a linear increase in 
nanoparticle volume with time. The reaction can be extended for as long as 
the nanoparticles remain colloidally stable, allowing for systematic variation of 
nanoparticle sized through a wide range. The approach is general and can be 
applied to a range of synthetic systems to produce nanoparticles with 
exceptional reproducibility in size. One can also take advantage of the loss in 
colloidal stability to design a reaction that precipitates at a desired size. Since 
this loss of solubility is essentially a phase transition, the nanoparticle size is 
controlled by thermodynamics and not kinetics. This improve the ease of 
reproducibility of nanoparticle size with or without careful control of the 
reaction kinetics. A continuous reaction using this precipitation approach in 
magnetic nanoparticles will be discussed. 

COLL 570 

Epitaxially grown particle superlattices via DNA-programmed assembly 
on lithographic templates 

Robert Macfarlane, rmacfarl@mit.edu. Materials Science and Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States 



The programmability of DNA makes it an attractive structure-directing ligand 
for the assembly of nanoparticle superlattices with unique structure-dependent 
physical phenomena. By pairing this “bottom-up” assembly method with “top-
down” lithographic techniques and assembling nanoparticle superlattices on a 
patterned substrate, complete control over crystal size, shape, orientation and 
unit cell structure can be realized, thereby enabling a new fabrication 
methodology for manipulating material properties by design. The key 
challenges in developing this technique are to first understand how different 
design factors affect the assembly process, and subsequently develop 
structure-property relationships that correlate the above mentioned design 
parameters with the resulting overall material structure. Here, a 
comprehensive approach is taken to study the fundamental components of 
DNA-programmed superlattice epitaxial growth from a patterned substrate, 
such as the deposition temperature and the thermodynamics of interfacial 
energetics, to achieve single-crystal nanoparticle thin films. Using a 
combination of X-ray diffraction and electron microscopy techniques, both 
surface morphology and internal thin film structure are examined to provide an 
understanding of particle attachment and reorganization during growth. Under 
equilibrium conditions, single crystalline, multilayer thin films can be 
synthesized over 500 × 500 µm2 areas on lithographically patterned 
templates, whereas deposition under kinetic conditions leads to the rapid 
growth of glassy films. Additionally, intentionally mismatching the 
lithographically defined pattern and nanoparticle superlattice lattice 
parameters allows for an exploration of the concept of heteroepitaxy in a 
systemic manner. This novel method for controlling particle assembly draws 
several strong analogies to traditionally atomic epitaxy/heteroepitaxy, 
providing a useful tool for understanding thin film growth processes. As a 
result, we are able to realize 3D architectures of arbitrary domain geometry 
and size, thereby making materials with unprecedented precision across 
multiple length scales. 

 
 
 



COLL 571 

Pd-decorated Au nanorods via biomimetic techniques for use as 
plasmonic catalysts in Suzuki coupling of aryl chlorides 

Beverly Briggs, bbriggs@georgiasouthern.edu, Marvin Smith, John Tyler 
Wagner. Chemistry and Biochemistry, Georgia Southern University, 
Statesboro, Georgia, United States 

Biomimetic strategies to help mediate the synthesis of nanoparticles have 
been extensively studied to show that biomolecules, such as DNA, proteins 
and peptides, are efficient facilitators at generating nanomaterials under 
benign conditions. Using a peptide, small monodisperse Pd nanoparticles 
have been generated and utilized as efficient catalysts for Stille and Suzuki 
coupling in water at room temperature. Unfortunately, these nanocatalysts 
have a marked lack of reactivity towards aryl chlorides, due to the strength of 
the C−Cl bond inhibiting the oxidative addition step of Pd0. Plasmonic 
catalysis represents an attractive solution to overcoming this barrier. In this 
manner, long aspect ratio (length/width greater than 15) Au nanorods (AuNR) 
were functionalized with the Pd-binding peptide, Pd4 (TSNAVHPTLRHL), to 
promote controlled growth of Pd nanoparticles on the nanorod surface. This 
functionalization was carried out by the addition of a cysteine to the N-
terminus of Pd4 (now termed CPd4). Ligand exchange between the existing 
surfactant molecule and the CPd4 peptide was apparent through the shifting 
of the transverse surface plasmon absorbance in UV-Vis, where a red shift of 
10 - 15 nm was noted (Figure 2a). Once functionalized, Pd2+ was added to the 
CPd4-AuNR and the colloids were reduced overnight. Electron microscopy 
characterization showed the formation of Pd nanoparticle clusters on the 
surface of the CPd4-AuNR (Figure 2b). Subsequently, control samples of 
Pd2+ reduced overnight with AuNR not functionalized with CPd4 showed no 
formation of Pd nanoparticles on the nanorod surface (Figure 2c). Further 
catalytic studies involving Suzuki coupling as the model reaction will be used 
as proof of concept that the attachment of these active Pd nanoparticles to the 
AuNR surface will activate the oxidative addition step for aryl chlorides, thus 
opening up the reactivity of these catalysts into a broad range of inexpensive 
and useful substrates. 

 



 
 
Figure 1. UV-Vis and SEM-TED analysis. (a) UV-Vis of AuNR and CPd4-AuNR. 
(b) SEM-TED image of control Pd@AuNR with no CPd4 added. (c) SEM-TED 
image of Pd@CPd4-AuNR. 

COLL 572 

Developing hierarchical hybrid polymer-enzyme structures for biomass 
conversions 

Tao Li1,2, tli4@niu.edu, Gyorgy Babnigg3, Jessica Johnson3. (1) Advanced 
Photon Source, Argonne National Lab, Lemont, Illinois, United States (2) 
Chemistry&Biochemistry, Northern Illinois University, Dekalb , Illinois, United 
States (3) Bioscience Division, Argonne National Lab, Lemont, Illinois, United 
States 

Stability and activity are important properties of proteins such as enzymes, 
since they are of industrial relevance in the fields of detergents and cellulose 
processing. The molecular basis of stability also relates closely to 
contemporary issues in protein science such as the protein-folding diseases. 
Development of new structures that could stabilize, organize, and control the 
activity of proteins has been intensely investigated, yet with limited success. 
The major challenge is that enzyme reactivity and stability after modification is 
not comparable to that of the free enzyme, and enzyme recovery can be 



difficult. We provide a method via controlled assembly of polymers and 
proteins into a hierarchical structure, which can preserve protein conformation 
and functionality. Compared to other methods, this proposed work is more 
straightforward and has better control of the structural features as well as the 
physical properties. It is important to note that the methods developed in this 
proposal for the guided assembly of proteins will be broadly applicable for 
many enzymatic systems.  

COLL 573 

Liquid evaporation-driven assembly of 3-D architected structures by 
low-dimensional deformable nanomaterials 

Baoxing Xu, bx4c@virginia.edu. University of Virginia, Charlottesville, 
Virginia, United States 

Low-dimensional deformable nanomaterials, such as 1-D CNTs and 2-D 
graphene, have attracted tremendous attention for their many unique 
properties. However, a single piece of them is too delicate to be useful in most 
applications, for example, high-performance electrodes in energy storage, 
filters for waste water/gas treatments in environmental systems, and 
lightweight structures. Assembling these nanomaterials into three-dimensional 
(3-D) scaffolds to achieve superior overall performance with multiple 
functionalities has attracted growing interests, yet this is challenging in 
manufacturing. In particular, these low-dimensional nanomaterials tend to 
aggregate/restack due to strong van der Waals attraction between them such 
as restacking of 2-D flat graphene sheets, which not only results in a 
tremendous reduction of their accessible surface area and poor mass/ion 
transport, but also degrades with processing and/or application environments 
such as mechanical loadings, hence adversely affecting their properties and 
subsequent applications. A liquid evaporation-assisted manufacturing 
technique is considered to provide a facile route, where 1 or 2-D 
nanomaterials will experience large deformation and severe instability under 
evaporation-induced compression to create spacings when assembled, which 
is highly desirable to minimize restacking and retain the large surface areas of 
1 or 2-D nanomaterials in the assembled 3-D architectural structures. I will 
start with quantitative theory development of the liquid evaporation-driven 
deformation and self-folding of individual 1-D CNT and 2-D graphene 
suspended in a liquid environment, and probe the critical self-folding lengths 
and size of 1- and 2-D nanomaterials and surface wettability and configuration 
of ultimate stable folded patterns. Afterward, crumpling and assembling 
multiple 2-D graphene sheets by liquid evaporation will be presented.  



COLL 574 

Atomistic modeling of nanoparticle self-assembly: Dynamics, 
interactions and structures 

Petr Kral, pkral@uic.edu. University Illinois Chicago, Chicago, Illinois, United 
States 

In recent years, we have used both mean-field and atomistic simulations to 
model the self-assembly of nanoparticles (NPs) with complex interactions. To 
decipher which interactions are really dominant during the NPs self-assembly, 
dynamical in situ experiments have been performed in liquid cells in 
conjunction with precise atomistic molecular dynamics simulations. Contrary 
to simple preliminary expectations, almost every case provided different 
reasons for the NPs self-assembly. Here, we present these controversies and 
show how detailed understanding of NPs interactions can explain the 
formation of myriads of superstructures formed during the self-assembly of 
binary systems at liquid surfaces. 

COLL 575 

Kinetic treatment of the metal-ligand binding for predictive synthesis of 
colloidal nanoparticles 

Saeed Mozaffari2, saeedm6@vt.edu, Wenhui Li2, Coogan Thompson2, Sergei 
Ivanov1, Ayman M. Karim2. (1) Los Alamos National Lab, Los Alamos, New 
Mexico, United States (2) Chemical Engineering, Virginia Tech, Blacksburg, 
Virginia, United States 

It is of great importance to control the size and size distribution of 
nanoparticles as their chemical, physical and electronic properties are 
affected by size. Controlling the nanoparticle size; however, requires 
fundamental understanding of nucleation and growth mechanisms. Ligands 
are used to control the size and shape of nanoparticles; however, their roles in 
the nucleation and growth kinetics are yet to be understood. The main 
objective of this study is to determine the kinetic role of ligands in controlling 
the size of colloidal metal nanoparticles. We report a unique methodology that 
uses in situ small angle X-ray scattering (SAXS) and kinetic modeling to 
determine the underlying mechanism (kinetically controlling steps) for 
nucleation and growth. Our methodology decouples the contributions of 
particle nucleation and growth to the total metal reduction which results in 
accurate extraction of the nucleation and growth rate constants. Additionally, 



we show that we can differentiate between various nucleation and growth 
mechanisms (e.g. burst vs. continuous, and surface reduction vs. solution 
reduction and monomer addition, respectively). We show that determination of 
the underlying mechanisms results in a highly predictive kinetic model capable 
of predicting the synthetic conditions to obtain nanoparticles with desired 
sizes. The proposed methodology can serve as a powerful tool to synthesize 
nanoparticles with specific sizes. 

COLL 576 

Investigation of conduction electrons wave function delocalization at the 
metal nanoparticle–organic ligand interface in solid state 

Thakshila Habarakada Liyanage1, hliyanag@iupui.edu, Rajesh Sardar2. (1) 
Chemistry and Chemical biology, Iindiana university Purdue university 
indianapolis, Indianapolis, Indiana, United States (2) Dept of Chemistry 
Chemical Biology, Indiana Univ-Purdue Univ-Indianapolis, Indianapolis, 
Indiana, United States 

The localized surface plasmon resonance (LSPR) property of metal 
nanoparticles originates because of the collective oscillation of conduction 
electrons upon irradiation of incident light. The LSPR property can be 
manipulated by varying the local refractive index of the attached self-
assembled monolayers (SAMs) of surface ligands. Here, we present the 
spectroscopic investigation of reversible modulation of LSPR properties of 
metal nanoparticles through delocalization of wave functions of conduction 
electrons at the inorganic nanoparticle and para-substituted benzene-thiol 
interface. Our experimental work was correlated with density functional theory 
and discrete dipole approximation calculations. Based on the spectroscopic 
and theoretical data we propose that efficient wave function delocalization 
requires appropriate alignment between the Fermi energy of the metal 
nanoparticle and the highest occupied (HOMO) and lowest unoccupied 
(LUMO) molecular orbitals of organic ligands. Our finding would result in 
previously unknown LSPR properties of hybrid inorganic-organic 
nanomaterials in the solid state. We believe our investigation will expand the 
nanoplasmonic field through the fabrication of advanced metamaterials and 
biosensors. 

COLL 577 

Solubility adjustment of nanocrystals for their use in nanocomposites 
and in biological environment 



Horst Weller1,2, horst.weller@chemie.uni-hamburg.de. (1) University of 
Hamburg, Hamburg, Germany (2) Fraunhofer CAN, Hamburg, Germany 

To fully exploit and utilize the unique properties of nanocrystals in 
nanocomposite materials and life science applications their solubility must be 
adjusted to the surrounding matrix. This may lead to either homogeneously 
dispersed or controlled aggregated nanocrystals in the surrounding matrix or 
the respective biological environment and determines the finally obtained 
properties. We will show various examples for ligand exchange and 
encapsulation of quantum dots, plasmonic and magnetic nanocrystals. As a 
result, we will present smart nanocomposite materials with outstanding 
mechanical properties and switchable functionality as well as nanocrystals 
with adjustable bioresponse. 

COLL 578 

Optimized multifunctional polymer coating for tuning nanocrystal 
solubility 

Wentao Wang, Zhicheng Ji, Anshika Kapur, Hedi M. Mattoussi, 
mattoussi@chem.fsu.edu. Chem Biochem, Florida State University, 
Tallahassee, Florida, United States 

Nanocrystals made of semiconductor, metal and metal oxide cores have 
attracted a great deal of interest for use in a variety of applications ranging 
from electronic devices to biotechnology. Processing these materials for 
tailored applications require that they are rendered dispersible in various 
media. We have designed a series of metal-coordinating polymers that are 
ideally adapted for functionalizing QDs as well as Au nanocrystals/nanorods. 
Furthermore, by choosing the nature of the functional moieties inserted in the 
polymer it is possible to discreetly tune the solubility of such materials over a 
wide range of conditions. This allows the preparation of nanocrystals that can 
be highly compatible, moderately compatible, or completely incompatiblle with 
polar, nonpolar or hydrophilic media. This surface-functionalization strategy 
yields nanocrystals that exhibit long-term colloidal stability over a broad of 
conditions and yet reactive. We have applied the resulting platforms to 
develop a few applications in sensing, which depend on the system solubility. 

COLL 579 

Directing gold nanoparticles into biological membranes by fine tuning 
their dispersibility 



Mathias Brust, m.brust@liv.ac.uk. Department of Chemistry, University of 
Liverpool, Liverpool, United Kingdom 

It is demonstrated with two types of gold nanoparticles how manipulating 
charge and functionality of the ligand shell can be used to dramatically change 
their dispersibility in different media. In the case of crown-ether modified 
particles, the complexation of the crown can make the particles more 
hydrophobic and can be used to phase extract them, for example, from water 
into chloroform. Mercaptocarborane-capped gold particles, on the other hand, 
can be highly charged by storing monovalent cations in the ligand shell and 
electrons in the metal core. Charged particles disperse readily in water, 
whereas removal of the charge makes them readily dispersible in diethylether 
and toluene. Both types of particles discussed here can transport cations and 
electrons, and it is our aim to anchor them for this purpose inside biological 
membranes by manipulating their dispersibility in water. This requires 
ballancing interactions carefully, since in most cases the particles prefer to 
either surround themselves with other particles and flocculate, or to reside at 
interfaces. Flocculation here is an entropically driven process, which can be 
avoided by lowering the temperature. I wlll show electron microscopic 
evidence of controlled association of particles with phospholipid membranes 
of vesicles as well as fluorescence spectroscopic and electrochemical 
evidence of charge transfer across the membrane, mediated by the gold 
nanoparticles. Shuttle versus channel mechanisms will be considered for both 
types of particles, and the possibility of electron transfer using the particle as a 
metallic nanowire will be discussed. 

COLL 580 

Surface-enhanced Raman scattering (SERS) classification of K-
Ras point mutations 

Luca Guerrini, luca.guerrini@urv.cat. Department of Physical and Inorganic 
Chemistry & EMaS, Universitat Rovira i Virgili, Tarragona, Spain 

Single nucleotide mutations in K-Ras genes yield highly oncogenic responses 
with the largest incidence of colorectal, lung and pancreatic cancer. Currently, 
specific treatments are applied according to the different disorders associated 
with the distinct K-Ras mutation.Therefore, the determination of the K-Ras 
punctual mutations is essential for diagnosis and prognosis. 
Herein, we have exploited the concept of single-strand conformation 
polymorphism (SSCP) to develop a fast, simple and label-free method, which 
combines surface-enhanced Raman scattering (SERS) with partial least 



square discriminant analysis (PLS-DA), for discriminating long single stranded 
DNA fragments (ssDNAs) with single-base sensitivity. Such ‘SSCP-derived’ 
label-free SERS approach classifies ssDNAs based on the unique strand 
conformations imposed by different point mutations, rather than by changes in 
base composition. This allows overcoming the intrinsic limitations of 
previously reported direct SERS methods which were restricted to the 
detection of point mutations in very short strands, thus hampering their 
implementation into real-life applications. As a proof-of-concept, we illustrate 
the potential of this technique by using long fragments (141-nt) of the K-Ras 
gene containing different clinically relevant point mutations and supporting the 
experimental results with theoretical calculations. 

COLL 581 

Understanding the interaction of nanoparticles and cells: Potential 
cytotoxicity associated with the uptake of nanoparticles by cells 

Neus Feliu1,2, neus.feliu1@gmail.com, Wolfgang Parak3,2. (1) Laboratory 
Medicine, Karolinska Institutet, Premia de Mar, Spain (2) Faculty of Physics, 
Center for Hybrid Nanostructures (CHyN), Hamburg University, Hamburg, 
Germany (3) Universitaet Marburg, Marburg, Germany 

The use of nanotechnologies involving materials have increased in the recent 
years. However, there is the concern that human exposure to nanomaterials 
could lead to significant adverse biological effects, both for human health and 
environment. Importantly, in order to use NPs in the context of medicine, it is 
essential to understand how NPs interact with cells and their possible effects. 
Indeed, to define which of the physicochemical properties of nanomaterials 
drive toxicological outcomes still remains a challenge. Therefore, we will 
discuss and provide an overview of the biocompatibility studies of NPs and 
cells, and present in brief, strategies to assess and evaluate the interaction of 
nanomaterials with biological systems, special attention will be connoted on 
the potential cytotoxicity associated with the uptake of nanoparticles by cells. 
Indeed, particular focus will be given on the role of determining nanoparticle 
concentrations, which is the basis for most quantitative nanosafety studies. 

COLL 582 

Degradation of particles effects their colloidal properties 

Wolfgang Parak1,2, wolfgang.parak@physik.uni-marburg.de. (1) Universität 
Hamburg, Hamburg, Germany (2) CIC Biomagune, San Sebastian, Spain 



Composite nanoparticles comprising an inorganic core and an organic shell, 
which provides water-solubility can be enzymatically degraded. This is 
relevant for particles that are endocytosed by cells. As enzymes can be 
specifically present in certain intracellular compartments degradation can 
depend on the intracellular location of particles. Degradation can be tuned by 
different surface chemistries, to make particles labile in one environment or 
stabile in other environments. 

COLL 583 

Microfluidics and metabolic dying in liquid biopsy 

Ramon A. Alvarez-Puebla, ramon.alvarez@urv.cat. Physical Chemistry, 
Universitat Rovira i Virgili, Tarragona, Spain 

Quantification of circulating tumor cells (CTCs) in blood samples from cancer 
patients is a non-invasive approach to monitoring the status of the disease. 
Most of the methods proposed in the recent years are phenomenological and 
rely on the use of antibodies labelled with fluorophores, magnetic particles, or 
immobilized on surfaces to capture the CTCs. Herein, we designed and 
optimized a method that employs a glucose analogue labelled with a 
fluorophore which takes advantage of the different metabolic pathways of 
cancer cells to discern them from normal ones. Notably, we demonstrate that 
fluorescence signal in tumor cells can be greatly maximized by applying 
hyperoxia conditions without damaging the cells. These results are 
demonstrated by means of confocal fluorescence and microfluidics/flow-
cytometry measurements in peripheral blood mononuclear cells (PBMC) 
extracted after Ficoll of human blood samples. 

COLL 584 

Molybdenum disulfide (MoS2)/graphene oxide (GO) nanocomposites 
show favorable lung targeting and enhanced drug loading/tumor-killing 
efficacy with desirable biocompatibility 

Sijin Liu, sjliu@rcees.ac.cn. Research Center for Eco-Environmental 
Sciences, Chinese Academy of Sciences, Haidian, Beijing, China 

Selective targeting plus optimal biocompatibility is still a big challenge in 
nanomedicine. Although many nanomaterials including graphene oxide (GO) 
and MoS2 have been tested for this purpose, these materials possess both 
favorable features and drawbacks, which hampers their further development. 



Herein, we prepared MoS2/GO nanocomposites that manifested excellent 
dispersity in aqueous solutions and revealed acceptable biocompatibility in 
vitro and in vivo. Importantly, MoS2/GO displayed a novel feature to selectively 
target the lung. In other words, MoS2/GO manifested a pronounced tendency 
of localization towards the lung comparable to GO, offering a “guided missile” 
effect in targeting the lung. Furthermore, MoS2/GO composites possessed 
enhanced drug loading capacity together with greater tumor-killing efficacy 
against lung cancer cells and other cancer cells that have the propensity to 
metastasize to the lung. Mechanistically, MoS2/GO was demonstrated to 
reveal compromised reactions towards macrophages at the nano-bio interface 
relative to GO, which accounted for the association and uptake of nanosheets 
by macrophages associated with phagocytosis and macrophagic activation. 
Collectively, our findings established new MoS2/GO nanocomposites with 
multi-functionalities including selective lung targeting, favorable drug loading 
capacity, elevated tumor killing efficacy and improved biocompatibility. Our 
study opens an avenue to for MoS2/GO nanocomposites in cancer 
nanotheranostics. 

COLL 585 

Beauty of metal-organic framework bulk chemistry combined with the 
fascinating world of nanoparticles 

Stefan Wuttke, stefan.wuttke@cup.uni-muenchen.de. University of Munich , 
Munich, Choose a State or Province, Germany 

Within the context of material sciences, researchers have shown that the 
combination of inorganic and organic chemistries in one single material, 
named metal-organic framework (MOF), offers structural designability at the 
molecular level together with tunable porosity and chemical functionalisability. 
In light of this, the main idea is to design hybrid nanomaterials based on 
MOFs, which could offer a new platform for biomedical applications. MOF 
nanoparticles (MOF NPs) combine the richness of bulk MOF chemistry with 
the surface- and size- dependent properties of the nanoworld. 
In this talk, we describe our research aiming at the establishment of material 
chemistry guidelines to engineer smart MOF nanoparticles (MOF NPs) able to 
unlock their potential for applications in the field of life sciences. To 
successfully achieve smart nanoMOFs, we aim to bring together five fields of 
expertise as illustrated up in the Figure. Special emphasis will be given to the 
characterization of MOF NPs, the MOF NPs’ external surface functionalization 
and their biological assessment. The highlight of this talk will be the 
presentation of a novel method “mass-correlation spectroscopy”, enabling the 



direct characterization of the density of NPs in suspension. Our results show 
that there is an interesting opportunity to tune the inner functionality of porous 
MOF NPs such that complex mixtures of solvents can be separated based on 
their permeation into the pores. The authors believe that establishing this 
measurement technique expands general understanding of the “porous 
nanoparticle” system and provides a new complementary method of 
nanoparticle characterization giving unique information on the interaction 
between particles and fluids, and on the effective composition of the particles 
in solution. 

 

COLL 586 

Coordinating polymer with multiple phosphonic acid anchors for 
surface-functionalizing metal and metal-oxide nanoparticles 

Liang Du, ld15@my.fsu.edu, Wentao Wang, Goutam Palui, Hedi M. 
Mattoussi. Chem Biochem, Florida State University, Tallahassee, Florida, 
United States 

In the past two decades, inorganic nanocrystals have been widely used in bio-
applications as well as medical research. Most of these nanoparticles are 
prepared in hydrophobic matrices and thus are not compatible with biological 
systems. An effective strategy to promote their biocompatibility relies on 



ligand exchange, which provides nanocrystals with a relatively small size and 
long-term colloidal stability in biological media. We hereby introduce a multi-
coordinating polymer based on the modification of a poly(isobutylene alt-
maleic anhydride) (PIMA) backbone which several phosphonic acid groups to 
provide metal-coordination onto QDs, AuNPs and IONPs, along with multiple 
polyethylene glycol (PEG) short chains to promote hydrophilicity and 
reactivity. The stoichiometry of the ligand structure can easily be quantified 
using NMR spectroscopy. All three sets of inorganic nanocrystals coated with 
this polymer exhibit great long-term colloidal stability over a wide range of 
conditions; they are readily reactive. We will discuss the synthetic route, 
characterization of the polymer ligands and coated nanoparticles, as well as 
their potential applications in the biomedical field. 

COLL 587 

Photo-promoted ligand exchange of gold colloids with lipoic acid-based 
polymers 

Zhicheng Jin, zjin@chem.fsu.edu, Yuya Sugiyama, Chengqi Zhang, 
cz13@my.fsu.edu, Goutam Palui, Liang Du, Hedi M. Mattoussi. Chem 
Biochem, Florida State University, Tallahassee, Florida, United States 

In recent years, among the most successfully developed nanoparticles, gold 
colloids (e.g., nanoparticles, nanorods, and nanoshells) have generated a 
tremendous interest for use in biomedical research due to their size-
dependent plasmonic properties and low cytotoxicity. Several synthetic 
methodologies such as hot-injection of gold precursors in oleylamine solution 
and hexadecyltrimethylammonium bromide-stabilized seeded growth were 
developed to prepare gold colloids with various sizes and shapes. Integration 
of these materials into biology requires that they are made water-dispersible, 
colloidally stable and bio-compatible. We hereby introduce a new photo-
promoted ligand exchange of these gold nanostructures with a series of lipoic 
acid (LA)-based ligands (including monomeric and polymeric ligands), which 
can be carried out in short times (<1 hour), while consuming a fraction of the 
ligands that are often required large amount using conventional phase transfer 
strategies. We applied this procedure to several gold colloids with great 
success. The strategy also allows introduction of various reactive groups onto 
the nanocrystals surfaces. The final nanomaterials have been characterized 
using dynamic light scattering, transmission electron microscopy, pH-stability 
tests, and further tested in cell uptake and sensor design. 

  



COLL 588 

Nanostructured plasmonic surfaces for diagnostics and chemistry 

Helmuth Moehwald1, moehwald@mpikg.mpg.de, gang zhang2. (1) Max-
Planck-Institute of Colloids and Interfaces, d.14476 Potsdam, Germany (2) 
Supramolecular Materials, Jilin University, Changchun, Jilin Province, China 

Colloidal Lithography in conjunction with selective ion etching has become a 
powerfull tool to fabricate surfaces with strong localization of plasmons. This 
has been made use of in preparing cone- or beaker like priodic arrays of 
structures with electromagnetic fields defined with nm prescision in all space 
dimensions. this can be made use of in highly sensitive detection of 
environmental refractive index, with changes in the absorption peak by 62% 
per refractive unit. It may also serve to bind analytes for Surface Enhanced 
Raman Spectroscopy with single molecule sensitivity. They can also be used 
to control wetting, which is again important for detection but also for motion of 
droplets. A most recent development has become the use of plasmonic fields 
for local chemistry. This is demonstrated for photoinduced Ag nanoparticle 
and nanoring formation in a periodic metallic nanohole array as well as the 
photopolymerization of polyimide rings. It enebles a new surface chemistry 
where the product is fixed for mechanistic studies and leads to ordered arrays 
of the product to be used as patterned surfaces.The principles together with 
simulations of the electromagnetic fields will be presented. 

COLL 589 

Monitoring plasmonic photocatalysis at the single molecule level with 
surface-enhanced Raman spectroscopy 

James L. Brooks, brook660@umn.edu, Renee R. Frontiera. Chemistry, 
University of Minnesota, Minneapolis, Minnesota, United States 

Plasmonic metals are promising materials for investigating and initiating 
energetically unfavorable chemical reactions. Localized surface plasmons, 
which form after introducing an on-resonant light source to the metal, couple 
together to form enhanced electric fields near the metal’s surface, known as 
hot spots. In under a picosecond, the surface plasmon begins to decay and 
generates highly energetic hot carriers through various scattering processes. 
If an adsorbed molecule is near the surface, the carrier may transfer to the 
adsorbate and initiate a chemical reaction. While there have been several 
published demonstrations of plasmon-induced photochemical reactions, there 



is still a lack in the general understanding of the interactions between hot 
carriers and molecular adsorbates, such as the time-dependent reaction rates 
and the hot carrier transfer yield. Providing a quantifiable description of these 
hot carrier-molecular interactions will help increase the efficiencies of 
plasmon-driven multi-electron chemical reactions.  
 
Surface-enhanced Raman spectroscopy (SERS) is a useful technique to 
probe molecules adsorbed to a plasmonic metal’s surface due to the dramatic 
dependence of the signal magnitude on the electric field. Methyl viologen, a 
molecule with three readily-accessible redox states, is a promising molecular 
probe to quantify the rate and yield of plasmon-driven hot electron transfer. 
Here we observe the dynamics of single methyl viologen molecules when 
deposited at low concentration on the surface of metal film over nanosphere 
SERS substrates. Interestingly, the Raman signatures suggest that individual 
MV2+ molecules undergo both reduction and oxidation reactions between the 
MV●+ and MV0 states throughout prolonged laser irradiation, allowing for a 
determination of the lifetimes and quantum yields for each redox state at a 
single molecule level. Monitoring the molecular evolution during hot carrier 
transfer provides the necessary information to quantify the efficiency and 
reaction rates of plasmon-induced processes, which will help further advance 
the development and optimization of plasmonically-powered platforms for 
photocatalytic applications. 

COLL 590 

Colloidal, nanoelectronic state machines based on 2D materials for 
aerosolizable electronics 

Volodymyr Koman1, koman.volodymyr@gmail.com, Pingwei Liu1, Daichi 
Kozawa3, Albert Tianxiang Liu1, Anton Cottrill1, Michael Strano2. (1) Chemical 
Engineering, MIT, Cambridge, Massachusetts, United States (2) Chemical 
Engineering, 66-566, MIT, Cambridge, Massachusetts, United States 

A here-to-fore unexplored property of 2D electronic materials such as 
graphene, hexagonal boron nitride and MoS2 is the ability to graft electronic 
circuits, transistors, memory and sensors onto colloidal particles. Such 
particles can access local hydrodynamics in fluids to impart motility and can 
otherwise access spaces inaccessible to conventional electronics. Herein, we 
develop a 2D material transfer approach combined with conventional 
lithography to pattern completed, functional circuits on SU-8 particles 
(100x100x1 µm3) that function as fully autonomous state machines. The 
circuits are powered by a p-n heterojunction of MoS2 and WSe2 operating as a 



photodiode, which powers, as a chemiresistor circuit element, a distinct 
MoS2 monolayer for the detection of VOCs or carbon particulates. Finally, the 
electrical output is irreversibly stored in a memristor device placed in series 
consisting as a distinct MoS2 flake sandwiched between Au and Ag electrodes 
and protected from the environment by hBN monolayer. These colloidal state 
machines are capable of operation after aerosolization and hydrodynamic 
propulsion to a target over 0.6 m away. The devices can successfully detect 
the presence of select analytes while aerosolized, storing this information in 
memory on the particle for retrieval upon capture. An incorporated 
retroreflector design of the system allows for facile position location using 
optical detection. Such state machines, enabled by 2D nanoelectronics, may 
find widespread application as probes in the human digestive tract, oil and gas 
conduits, chemical and biosynthetic reactors, and as autonomous 
environmental sensors. 

 

COLL 591 

Effect of particle distance in magnetic properties of superparamagnetic 
iron oxide nanoparticle and its application in contrast enhance magnetic 
resonance imaging 

Tuyen Nguyen, tuyennguyen@ksu.edu, Arunkumar Pitchaimani, Colin Ferrel, 
Santosh Aryal. Chemistry, Kansas State University, Manhattan, Kansas, 
United States 



Superparamagnetic iron oxide nanoparticle (SPIONs) are highly 
biocompatible and have documented versatile synthetic technique based on 
coprecipitation, reduction-precipitation, and hydrothermal methods where 
Fe3+ and Fe2+ ions react in aqueous solutions. Both of these ions are present 
in our body and have clear metabolic pathways, therefore, have attracted 
extensive research and development in the field of diagnostic imaging and 
therapy. However, most of the SPIONs based clinical diagnostic contrast 
agents were discontinued due to severe pain, lower transverse magnetic 
relaxivity ranges from 80-180 mM-1s-1, short-lived, and lack of disease 
specificity. Therefore, in this research, we put forth to engineer bone cancer 
targeted hybrid nanoconstruct (HNC) with a higher transverse magnetic 
relaxivity of 625 mM-1s-1, which is significantly higher than that of clinical 
contrast agents. Engineered HNC is peripherally decorated with a bone-
seeking agent, Alendronic acid, exhibiting hydrodynamic size of 80 nm with 
negative surface potential, -35mV. The interior skeleton of the HNC is made 
up of biodegradable and biocompatible poly(l-lactic-co-glycolic acid) (PLGA) in 
which 5 nm SPIONs are confined. We have successfully tuned the distance 
between the confined SPIONs from 0.5 to 4 nm as revealed by transmission 
electron microscopy (TEM) micrographs and the magnetic resonance image 
(MRI) phantoms. Such cluster confinement dramatically enhances the 
magnetic relaxivity possibly due to the increase in net local magnetization due 
to the proximal field inhomogeneity. In an in vitro examination, 80% of HNC 
was found to bind with hydroxyapatite (HAp), which when imaged under TEM 
shows a painting of SPIONs over a HAp crystal. HNC was found to 
accumulate in mouse osteosarcoma tumor (K7M2 tumor model), both MRI 
and histological examination of tumor show the potential of HNC as targeting 
agents for diagnosis of tumor at the bone. 

COLL 592 

Electrical conductivity and Seebeck coefficient of air-stable n-type 
polymer composite films 

Tabitha Sutch, tphopka@crimson.ua.edu, Jared Allred, Greg 
Szulczewski. Chemistry, The University of Alabama, Tuscaloosa, Alabama, 
United States 

Poly{[N ,N′ -bis(2-octyldodecyl)-naphthalene-1,4,5,8-bis-(dicarboximide)-2,6-
diyl]-alt -5,5′ -(2,2′ -bithiophene)} or P(NDI2OD-T2) is an air-stable, electron 
conducting semiconducting polymer with high mobility due to its unique 
morphology in the solid state. However, pristine P(NDI2OD-T2) films have a 
very low electrical conductivity due the absence of free charge carriers. 



Herein, we focused on measuring the electrical properties of air-stable 
thermoelectric polymer hybrid films using P(NDI2OD-T2) and Ag2Te 
nanowires (NWs). Silver telluride was synthesized in a two-step process. First, 
Te NWs were prepared by chemical reduction of TeO2 with ascorbic acid in 
ethylene glycol. Transmission electron microscopy (TEM) revealed straight, 
high aspect ratio Te NWs with average lengths of 26 μm and diameters of 460 
nm. Second, Te NWs were stirred with silver nitrate in ethylene glycol and 
converted into Ag2Te. TEM analysis revealed rough surfaces and bent wire 
morphology with average lengths of 7.0 μm and diameters of 712 nm. Powder 
x-ray diffraction confirmed the beta phase of Ag2Te was formed. The electrical 
conductivity of films containing P(NDI2OD-T2) and 45, 55, 65 and 75 weight 
percent Ag2Te were measured. As the amount of Ag2Te was increased the 
electrical conductivity increased. A maximum electrical conductivity of 0.340 
S/cm was measured for the 75 wt% Ag2Te/P(NDI2OD-T2) film. The Seebeck 
coefficients were measured for each film and remained relatively unchanged 
with values ranging from -109 to -127 μV/K. The negative Seebeck coefficient 
suggests that the majority charge carriers are electrons. A power factor of 9 x 
10-7 W m-1 K-2 was determined for the 75 wt% Ag2Te films and represents one 
of the highest values measured for an air-stable, P(NDI2OD-T2) derived 
thermoelectric material. 
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Highly tunable platform for biomimetic catalysts from nanocrystal-
polymer composites 

Andrew Riscoe2, ariscoe@stanford.edu, Cody Wrasman2, Aditya Menon2, 
McKenzie Hubert2, Alan Dai2, Maria Vargas2, Emmett Goodman2, An-Chih 
Yang2, Arik Beck2, Liheng Wu1,2, Matteo Cargnello2. (1) SSRL, SLAC National 
Accelerator Laboratory, Menlo Park, California, United States (2) Chemical 
Engineering, Stanford University, Redwood City, California, United States 

Enzymes are ideal catalysts for many important reactions. They have evolved 
to contain confined metal centers within angstrom distances of amino acid 
groups with specific functionality to direct transport of species (reactants, 
products) as well as to shape the electronic landscape of adsorbates to impart 
high activity and selectivity for biologically relevant transformations. Most 
traditional catalytic approaches use extended metal surfaces as the active site 
for catalysis. Consequently, rational catalytic design is mostly limited to 
engineering metal electronic structure with alloying, surface structuring and 
metal oxide interface engineering. In this work we draw from enzymes to add 
another level of control to catalyst engineering by incorporating metal centers 



within polymer frameworks with tunable morphology and functionality. 
We employ porous organic frameworks (POFs), a class of thermally stable, 
microporous, and chemically functionalizable polymers, to encapsulate 
colloidal metal nanoparticles as a catalytic platform. We first support the 
particles on POF, remove ligands with thermal treatment and then grow 
porous polymer overlayers epitaxially over the POF-metal composite to 
encapsulate the particles fully. This approach is tunable in the polymer 
chemistry, morphology as well as the metal particle composition. We 
synthesized an array of materials with differing POF chemistry, nanoparticle 
composition and morphology to demonstrate the wide range of possibilities 
with this system. We characterized the materials with electron microscopy, 
EDS, N2 surface analysis, TGA, and XPS to verify synthetic control. The 
catalytic properties of several materials were also measured for reactions of 
interest to the energy sector. 
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Local-mapping and photothermal tumor treatment using galectin-1 
targeting nanomaterials 

Samir V. Jenkins2, svjenkins@uams.edu, Ruud P. Dings2, Jingyi Chen1, 
Robert J. Griffin2. (1) Chemistry and Biochemistry, University of Arkansas, 
Fayetteville, Arkansas, United States (2) Radiation Oncology, University of 
Arkansas for Medical Sciences, Little Rock, Arkansas, United States 

Anginex is an antiangiogenic, synthetic 33mer that binds to galectin-1, which 
is overexpressed by the tumor endothelium – a critical requirement for 
effective nanomedicine delivery – as well as by tumor cells themselves. In the 
present study, anginex was used as a targeting agent after conjugation to 
polydopamine-coated Au nanocages, which were selected for their 
photothermal conversion, biocompatibility, and functionalization potential. 
Approximately 6x104 peptides were conjugated to each particle, which caused 
the zeta potential to change from highly negative to moderately positive. 
Cellular targeting was confirmed by darkfield microscopy, photoacoustic 
microscopy, and photoacoustic flow cytometry. In vitro photothermal cell killing 
was observed despite the temperature within the well remaining below 40 °C. 
The peptide retained its biological activity after conjugation, as demonstrated 
by migration and tube-formation assays, which indicated similar effects 
caused by free peptide or nanoparticle-bound peptide. Additionally, the 
construct affected zebrafish development in a manner similar to inhibitors of 
neovascularization. Murine breast tumors were grown in immunocompetent 
mice, and the construct was introduced intravenously. The particle 
concentration in circulation was monitored photoacoustically, and the 
clearance was found to be biphasic with a residual amount of particles still 
circulating after 24 h. Little outward sign of toxicity was observed in mice. 
Anginex enabled these nanocages to specifically target and remain in tumor 
tissue resulting in a 3 fold increase in tumor accumulation compared to non-
targeted nanocages, which was visualized by photoacoustic imaging and 
confirmed with mass analysis. Subsequently, a ten minute irradiation with a 
continuous wave laser was used to heat the tumor to a mean temperature of 
roughly 43 °C, which resulted in significant retardation of tumor growth. The 
tumors were excised, and the distribution of the particles within the tumor 
tissue itself was determined, which informed the mechanism for the 
effectiveness of the treatment. These studies demonstrate the potential of 
anginex as a targeting agent for theranostic nanomedicines. 
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Selenium-containing polymer@metal-organic frameworks 
nanocomposites as an efficient multi-responsive drug delivery system 

Weiqiang Zhou, zhwq64@163.com, Weina Zhang, Wei Huang, Fengwei 
Huo. Institute of Advanced Materials, Nanjing Tech University, Nanjing, 
Jiangsu, China 

The multi-responsive drug delivery systems (DDS) have received 
considerable attentions in the field of cancer cure since they have the ability to 
accurately release the drug inside the cancer cells and delay the release of 
the drug in normal cells. Nowadays, complicated synthesis routes and 
purification process of DDS limit their potential applications. We reported a 
facile strategy that enabled the micelles of the selenium-containing polymer 
with drug to be encapsulated in metal-organic frameworks (MOFs), which 
served as multi-responsive drug release by employing the selenium-
containing polymers with redox-triggered property as well as the MOFs with 
pH-triggered property in DDS. In this case, the micelles of the selenium-
containing polymers as core are easily disassembled in the presence of redox 
agents, can then release the drug in MOFs matrixes. Meanwhile, ZIF-8 (one 
kind of MOFs) as shell can collapse only under the low pH value condition and 
the drug can be further released. In the presence of external redox agents as 
well as the pH stimuli, the prepared nanocomposites (P@ZIF-8) drug system 
maintained the function of multi-responsive release of the doxorubicin (DOX) 
and possessed good selectivity in the release of the DOX under low pH value 
condition instead of the normal pH condition. The P@ZIF-8 also presented 
such merits as good biocompatibility, multi-responsive release properties and 
especially selective release properties under different pH conditions make the 
materials highly promising candidates for the realization of controlled drug 
delivery in tumor tissues system. 
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Macromolecularly "caged" carbon nanoparticles for intracellular 
trafficking via switchable photoluminescence 

Indrajit Srivastava1,2, indrajit@illinois.edu, Santosh K. Misra1,2, Indu 
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Bioengineering, University of Illinois at Urbana-Champaign, Urbana, Illinois, 
United States (2) Carle Foundation Hospital, Mills Breast Cancer Institute, 
Urbana, Illinois, United States 

Photoluminescence (PL) of carbon nanoparticles (CNP) has been 
corroborated with their surface functionalities and can be used as trigger-able 
nanoparticle tracking modality in vitro. A negatively charged CNP with high 
emission property was found to lose its PL after caging with positively charged 
macromolecules and correlated with the type of macromolecule used. 
Prepared caged carbons could regain their emission only through interaction 
with anionic surfactant molecules, mimicking anionic amphiphiles of endocytic 
membranes. This process could be verified by gel, spectroscopy 
techniques and in vitro analysis. It established the role of surface caging in 
deciding the extent of emission by CNPs and its use in generating switchable 
CNPs for intracellular tracking. 

 
 



 
Scheme 1. Schematic representation of the process of preparing luminescence 
switchable CNPs depicting "caging" and "decaging" by interaction of counterionic 
macromolecules 
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Ultrasound and enzymes for surface functionalization of medical textiles 
and devices with antimicrobial nanoparticles 

Tzanko Tzanov, tzanko.tzanov@upc.edu, Kristina Ivanova. Chemical 
Engineering, Universitat Politécnica de Catalunya, Terrassa, Spain 

An important preventive measure to avoid nosocomial infections is introducing 
highly efficient and durable antibacterial textiles and medical devices, e.g. 
catheters, into the hospital. Coatings of metal oxide (MeO) nanoparticles 
(NPs), such as ZnO, would ensure excellent antimicrobial properties of these 
products at minor cytotoxicity. Ultrasound (US) is an easy, fast and 
environmentally friendly surface nano-coating technology able to synthesize 
and deposit in a single step antimicrobial NPs on material’s surface. 
We applied hydrolytic enzymes, i.e. cellulases, to coat cotton fabrics with ZnO 
NPs via US irradiation either in a two-step process for cellulose pre-activation, 
followed by sonochemical deposition of ZnO NPs, or in a one-step sono-
enzymatic process to simultaneously activate cellulose and deposit ZnO NPs 
achieving high durability of the antimicrobial effect. 
Further, we developed durable and efficient antibacterial coatings on medical 
textiles by depositing antibacterial ZnO NPs and gallic acid (GA) in a single-



step laccase/US process. The rationale behind this sono-enzymatic approach 
was the in situ synthesis, upon the enzymatic oxidation of GA, of a bio-
adhesive, in which the ZnO NPs are firmly embedded on the fabric surface. 
Additionally, a synergistic improvement of the antibacterial efficiency of lower 
amount ZnO NPs by the natural antimicrobial agent GA was achieved. 
We also used US for coating of silicone catheters with hybrid enzyme/ZnO 
NPs. The antibacterial and anti-biofilm efficiency of the coated fabrics and 
catheters were validated against major clinically relevant bacterial pathogens. 
The sonochemical NP-coating technology was scaled-up into pilots that 
currently are being upgraded under the EU-FP7 project PROTECT into pre-
commercial coating lines installed at Klopman Int. (Italy) and Degania Silicone 
(Israel) for production of antimicrobial textiles, water treatment membranes 
and catheters. 

COLL 598 

Self-dispersing and stimuli-responsive polyurethane dispersions 

Harshit Gupta, John Texter, jtexter@emich.edu. Eastern Michigan University, 
Rochester, New York, United States 

Free-energy driven dispersion formation is of intense interest because 
microscopic to nanoscopic phase separation from macroscopic phases of 
chemical components involves an intriguing balance of chemical forces that 
result in apparent thermodynamic stability. We earlier demonstrated how 
stimuli-responsive block copolymers comprising polymerize ionic liquid (PIL) 
blocks could be prepared by modified emulsion polymerization approaches 
and demonstrated reversible particle precipitation in the nano-scale range. 
Here we report a single-pot condensation polymerization approach to 
synthesizing polyurethanes (PUs) in solvent, wherein aqueous compatibility is 
induced by using imidazolium hydroxide salts (ionic liquids) as chain 
terminating groups. Effects of various diisocyanates, diols, crosslinking 
agents, and chain terminators on the creation of PUDs (polyurethane 
dispersions) are described concerning impact on spontaneous self-dispersing 
when such PUs are dried (of solvent) and placed in water. The size evolution 
of such (self) dispersion is examined by videography and by dynamic light 
scattering, and size reduction from more strenuous activation by sonication is 
studied. Effects of indifferent salt on aqueous stability are measured, and 
anion-dependent stimuli-responsiveness is demonstrated and characterized. 
This stimuli-responsiveness appears based on tuning imidazolium-anion pair 
solubility by anion exchange. Film formation is also examined. Water-sensitive 



films with weak mechanical properties are obtained and appear promising for 
hydrogel delivery applications. 
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Synthesis and cell attachment study of hybrid molecular brushes with 
chitosan backbone as potential materials for wound healing 

Manasi Chawathe, Sriramakamal Jonnalagadda, Alexander Sidorenko, 
a.sidorenko@usciences.edu. University of the Sciences, Philadelphia, 
Pennsylvania, United States 

A facile method of synthesis of bio-benign molecular brushes based on 
chitosan (CHI) backbone and poly(D,L-lactic acid) (PLA) has been developed 
recently. The grafting of hydrophobic PLA component occurs from hydroxyl 
groups of CHI in the bi-phasic ring-opening polymerization. An important 
feature of the proposed method is acid/base organocatalysis that results in the 
metal-free product - MB. The second step consists in the grafting of 
secondary polymer poly(N-vinyl-2-pyrrolidone) (PNVP) that results in the 
hybrid molecular brush (HMB). Such bio-benign materials have supreme film- 
and fiber forming properties. MB demonstrates very good adhesion to human 
dermal fibroblasts (HDF). HDF cells deposited on films, fibers, and brushes of 
CHI-graft-PLA maintain their natural bipolar, spindle-shaped morphology. The 
cells produce more collagen I compared to neat PLA and neat CHI as 
revealed by collagen-specific test on day 1 and 2. Addition of the secondary 
graft copolymer PNVP allows tuning the surface properties of films and 
polymer brushes. Depending on the state of HMB surface (hydrophobic, PLA 



or hydrophilic, PNVP), the HDF cells demonstrate different adhesion behavior. 
Therefore, the described method of synthesis of MB and HMB opens a venue 
towards highly adhesive scaffolds for wound healing of the human skin. 

 
 
Left: Chemical structure of hybrid molecular brush (HMB) composed of chitosan 
backbone and two grafts: PLA and poly(N-vinyl pyrrolidone). Right: Human Dermal 
Fibroblast cells grown on polymer brush of HMB in hydrophobic (PLA) and 
hydrophilic state (PNVP). 
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outer layer dictates nanoparticle-cell interactions 
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The development of nanoscale drug-delivery vehicles remains a subject of 
intense research, particularly with regard to the development of next-
generation cancer therapeutics. One of the enduring challenges in the field is 
the development of nanoparticles that preferentially accumulate in cancer 
cells rather than healthy cells, and recent assessments suggest that passive 
targeting approaches - such as the EPR effect - are insufficient. Fortunately, 



the surface chemistry of nanoparticles can afford them the capability to 
actively engage with cells through mechanisms that include receptor-ligand 
interactions and stimuli-responsive behavior. To explore active targeting 
capabilities of a variety of nanoparticle surface chemistries, we performed an 
exploratory investigation into whether layer-by-layer (LbL) modification can 
confer intrinsic tumor cell-nanoparticle interactions based solely on the identity 
of the outermost layer. 
 
Because LbL modification allows control over the terminal coating of a number 
of therapeutically relevant colloidal templates, we proposed that exploration of 
a variety of outer layers would provide insights into formulations that engage 
target cells in unique ways and that could then be applied to specific drug 
delivery applications. This work assesses nanoparticle-cell binding of ten 
unique terminal coatings on 100 nm polystyrene nanoparticles across a panel 
of ovarian cancer cells, normal endothelial cells, and normal immune cells. 
The surfaces studied span biocompatible sulfated and carboxylated 
polyelectrolytes that include polysaccharides and polypeptides. The results of 
this study indicate a marked difference in cell-binding between sulfated and 
carboxylated formulations, and led us to further study three carboxylated 
formulations (hyaluronic acid, polyaspartic acid, and polyglutamic acid) that 
exhibit exceptionally high binding to ovarian cancer cells relative to healthy 
endothelial and immune cells. 

COLL 601 

Mesoporous nanoparticle-supported hybrid bilayers for drug delivery 

Sun Hae Ra Shin, sshin@sandia.gov, Haley Monteith, Walter Paxton. Sandia 
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Mesoporous nanoparticles have emerged as promising nanocarriers in 
biomedical fields to encapsulate and deliver cargos due to high loading 
capacities and enhanced stability over other nanocarriers. Supported 
membranes are required on mesoporous nanoparticles to keep cargos 
encapsulated. They also play important roles in particle stability under 
physiological conditions, specific interactions with targets, and a controlled 
release of cargos. Despite high biocompatibility and low inherent toxicity, lipid 
bilayers have limitations of their use as supported membranes in potential 
applications of mesoporous nanoparticles due to poor physical and chemical 
stability. In comparison with lipid bilayers, polymer bilayers are robust and can 
offer chemical versatility. Here, we employ hybrid bilayers composed of 
natural phospholipids and synthetic diblock copolymers for supported 



membranes on mesoporous silica nanoparticles (MSP). We confirm formation 
of supported hybrid bilayers on different MSPs with small and large pore size. 
Our results from cryogenic electron microscopy show that the supported 
hybrid bilayers are formed by successive steps of adsorption, deformation, 
and rupture of hybrid vesicles on the MSPs. In vitro release of encapsulated 
drug molecule from MSPs coated with hybrid bilayers demonstrates enhanced 
mechanical stability of supported hybrid bilayers compared to supported lipid 
bilayers. Our findings suggest that hybrid lipid-polymer bilayers may provide 
synergistic membrane properties in the development of artificial organelles. 

COLL 602 

Atomistic modeling of nanoparticles engineered for bio-applications 

Petr Kral, pkral@uic.edu. University Illinois Chicago, Chicago, Illinois, United 
States 

We use molecular dynamics simulations to model nanoparticles which were 
designed and tested in bio-applications as highly specific nanomedicines. 
First, we investigate how carefully designed nanoparticles and related 
molecular complexes inhibit functions of viruses and peptide fibers through a 
highly specific multivalent binding. Next, we model specific binding of 
functionalized Boron clusters to selected proteins and viruses]. Finally, we 
briefly discuss our modeling of protein corona on nanoparticles. 
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Quantum chemical study on binding of selected amino acids with 
graphene 
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Studies on interactions between graphene and amino acids are important to 
obtain knowledge that will be useful in producing graphene-based biochemical 
sensors, and biomedical implants. Graphene provides high sensitivity and 
selectivity when different molecules are adsorbed. In this study, two finite size 
graphene sheets of small graphene (GS) consists of 62 carbon atoms and 
large graphene sheet (GL) consists of 186 carbon atoms were considered to 
understand the binding of five naturally occurring amino acids (tyrosine (Tyr), 
phenylalanine (Phe), tryptophan (Trp), histidine (His), and proline (Pro)) with 



them. Conformational analysis was done for each of the above-mentioned 
amino acids using HF/3-21G level as implemented in Spartan ’16. Two lowest 
energy conformers and one highest energy conformer for each amino acid 
were chosen to examine the binding with graphene sheets. We considered 
different orientations for each conformer of amino acid to study the 
interactions with small and large graphene at M06-2X/6-31G(d) level. All 
geometry optimizations were performed within the symmetry constraints. 
Binding energies with and without basis set superposition error (BSSE) were 
calculated in the gas phase. We also examined the influence of solvent 
(water) on the binding affinity of each of the amino acids with graphene. 
HOMO-LUMO energy gaps were calculated at the TPSSh/6-31G(d)//M06-
2X/6-31G(d) level for all the complexes and pristine graphene. Our aim is to 
address the following questions: (i) Which conformer of amino acid provides 
the most stable complex? (ii) What types of interactions (π-π, C-H/N-H…π, or 
combinations of these interactions) are responsible for stabilization of the 
complexes? (iii) How does the size of graphene sheet affect the binding 
strength? (iv) How does the binding affinity vary from gas phase to aqueous 
medium? (v) Does the band gap of graphene alter by the binding of amino 
acids with it? Mullikan charge analysis indicates that small amount of 
electronic charge is transferred from graphene to amino acid. 
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Controlled surface modifications of polyester fibers by using Hansen 
solubility parameters 
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Functional chemical modifications on poly(ethylene terephthalate) (PET) fibers 
could be controlled by managing mutual interactions and affinities between 
different components in a radical graft polymerization system. The interactions 
and affinities of different components in the reaction system could be 
estimated by using Hansen Solubility Parameters (HSP), and proper 
management of the interactions by selecting monomers, initiators, and an 
additional solvent with PET could provide reliable results. The latest results 
proved the practicality of using HSP in controlling radical graft polymerizations 
on surface modifications of PET fibers. Six different monomers with different 
hydrophilic properties in different solvent and initiator systems were examined, 
and results confirmed that interactions of initiator-PET, initiator-solvent, 
monomer-PET, monomer-solvent and monomer-initiator play important roles 



in determining the grafting reaction efficiency. Results revealed that both 
hydrophobic and hydrophilic monomers could be effectively grafted onto 
surfaces of PET fibers as long as proper interactions are controlled based on 
HSP analysis. The results have instructive impact to commercial applications. 
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Janus nanoparticles for T cell activation: Clustering ligands to enhance 
stimulation 

Kwahun Lee, kwahlee@indiana.edu, Yan Yu. Indiana University 
Bloomington, Bloomington, Indiana, United States 

Adoptive cancer immunotherapy exploits in vitro activated T cells to fight 
against tumor cells. Synthetic particles have been developed as artificial 
antigen presenting cells (aAPCs) to potentially replace natural antigen 
presenting cells for in vitro T cell activation. However, the efficacy of T cell 
activation by aAPCs is not comparable to the natural counterpart due to 
missing features. One of the features is the clustering of ligands, without 
which T cell activation is hindered. In this study, we created aAPC 
nanoparticles to investigate the impact of ligand nano-clustering on T cell 
activation. We fabricated bifunctional Janus nanoparticles that were 
functionalized with stimulatory and co-stimulatory ligands in a spatially 
separated manner. We systematically varied the surface density and the 
pattern of ligand presentation on the particles to alter the ligand clustering. 
Our results have shown that Janus particles with clustered ligands enhance T 
cell activation because of the increased local concentration of stimuli. This 
finding suggests that the spatial organization of ligands on particles could be a 
new useful parameter to manipulate immune cell responses. 

 
 
Schematics displaying clustered ligands on Janus particles enhance T cell activation 
by increasing the local surface density of ligand stimuli. 
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Lung cancer is a leading cancer killer in both men and women in the U.S, in 
more recent years surpassing breast cancer to also become the leading 
cause of cancer deaths in women. Unfortunately, the five-year survival rate for 
lung cancer (17.8 percent) is notably less than malignancies from the colon 
(65.4 percent), breast (90.5 percent) and prostate (99.6 percent). Finding new 
treatments is crucial. Fast developed nanomedicine created promising 
opportunities, while the restricted biodistribution implies treatment limitations. 
Nanoparticles are usually given by injection into the bloodstream and must 
cross the layer of endothelial cells that line blood vessels before encountering 
cancer cells. In this proof-of-concept study, we revisited an old friend, 
perflurocarbon(PFC), which once used as liquid oxygen to save the neonatal 
infants with severe respiratory distress syndrome. Here we show for that 
synergic employment of suitably formulated PFC nanoparticles and 
intratracheal delivery can sustainedly and markedly enhance the MR signal of 
lung tumor. We verify these results in two distinct animal models and through 
the use of multiple modalities (1H-MR, 19F-MR, and fluorescence) to detect the 
impact of the strategy. Using this approach, we discovered that IT PFC NP in 
the Vx2 rabbit model showed markedly enhanced 1H/19F MR imaging in the 
tumor over the first 12 hours that persisted for 3 days. Intravenous injection 
(IV) of PFC NP only produced a transient initial 2 hr decrease in tumor T1 
signal over the 3 days. It was tested that PFCs were nontoxic in cell cultures 
and following IT or IV administration. Fluorescent microscopy of implanted or 
metastatic Vx2 lung cancers demonstrated dense homogeneous NP 
distribution within and confined to the tumors following IT delivery. Further, we 
separately conjugate folate and RGD molecules on the surface of PFC to 
explore the molecular imaging(folate receptor, αvβ3) of PFC by intratracheal 
delivery. Considering PFC nanoparticles have a long therapeutic use history 
as radio-sensitizers and as drug delivery vehicles, the logical extension of this 



work suggests an important theranostic opportunity to address the formidable 
challenges in treating lung cancer. 
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Tuning protein adsorption-desorption and transport dynamics at polymeric 
surfaces is far-reaching to many biomedical and material applications. 
Polymer surfaces are often functionalized to introduce application-specific 
surface chemistries to a polymer interface. In this work, single-molecule 
fluorescence microscopy is utilized to determine the adsorption-desorption 
dynamics of lysozyme, a well-studied model protein, at the interface of 
functionalized polystyrene films. UV exposure, oxygen plasma, and ligand 
grafting are utilized to produce varying degrees of surface hydrophilicity, 
surface roughness, and induced oxygen content to the polystyrene. Single-
molecule tracking uncovers hindered surface transport and lower loading 
capacities of lysozyme at the functionalized interface. Adsorption-desorption 
and transport dynamics are dependent on the specificity and extent of oxygen 
functionalities induced to the polystyrene surface. Hindered surface transport 
of lysozyme was found to be driven by hydrophobic effects attributed to water 
hydration layer formation at the functionalized polystyrene surfaces. 
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Biomimetic water-repellent polyester fabrics with long-time durability 
and mechanical robustness 
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The economical use of water-repellent coatings on polymeric materials in 
commercial and industrial applications is limited by their mechanical wear 
robustness and long-term durability. In this study, we show that rational 
design of inorganic, methyltrimethoxysilane (MTMS)-based coating applied to 
polyethylene terephthalate (PET) fabric yields a product that mimics 
superhydrophobic biological materials. The tunable hierarchical surface 
structure facilitated excellent resistance against various types of wear 
damage. Notably, the modified fabrics were able to display long-time durability 
and mechanical robustness. To demonstrate these features, a series of 
custom and standard testing protocols revealed that coating-to-substrate 
adhesion was remarkably high, as was the resistance to various mechanical 
abradents. The most intriguing characteristic observed during aging and 
abrasion was the enhancement in non-wettability reflected by water droplet 
roll-off behavior. The developed technology offers opportunities to design low 
cost, durable and functional textiles for both indoor. 
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Migration of erucamide in polyethylene films at elevated temperatures 
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Company, Collegeville, Pennsylvania, United States 

Slip agents are added to polyethylene (PE) films because of their ability to 
modulate film surface properties such as coefficient of friction (COF) that are 
critical in film processing. Certain storage conditions such as elevated 
temperature impact the levels of slip agent present at the film surface during 
subsequent processing. The migration of erucamide in heat aged polyolefin 
films will be discussed as studied using Atomic force microscopy (AFM), X-ray 
photoelectron spectroscopy (XPS), secondary ion mass spectroscopy (SIMS) 
and infrared spectroscopy (IR). Examples showing surface chemistry and 
morphology of PE films containing erucamide that were heat aged at different 
temperatures will be discussed. 
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Wrinkled polymer interfaces: Tuning morphologies in ultrathin polymer 
brush surfaces via postpolymerization modification and soft lithography 
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Buckling instabilities lead to ubiquitous features in nature over a wide range of 
length scales (i.e. nanometer to meter) from wrinkling in skin, dried fruit, 
imperfectly cured coatings, and mountains. Nature has exploited these 
instabilities for evolutionary advantages that are critical to survival. In the past 
decade, there has been tremendous interest in employing buckling instabilities 
in materials to enhance the mechanical, electrical and optical properties. 
Precise control of wrinkled structures in polymer thin films at the nanometer 
and micron scales has been demonstrated to be useful for applications in 
stretchable electronics, microlens arrays, controlled wetting surfaced, tunable 
surface adhesion, and tunable optics. Herein, we demonstrate a simple route 
to design ultrathin polymer brush surfaces with tunable wrinkled morphologies 
using post-polymerization modification (PPM) techniques, where the length 
scale of the buckling features can be tuned using PPM time. The PPM 
reaction occurs under poor solvent conditions, which collapses the brush and 
partially crosslinks the brush in a front-like process, forming a diamine-
modified “skin” thickness (h1) and an unmodified “substrate thickness” (h2). 
The swelling behavior of the polymer brushes and PPM kinetics can be 
investigated using in-situ ellipsometry, and the through-thickness brush 
composition is determined by time-of-flight secondary ion mass spectroscopy 
(ToF-SIMS). These techniques allow us to determine the parameters that 
influence the buckling behavior. Additionally, the wrinkle orientation can be 
controlled using soft lithography techniques (i.e. microcontact stamping and 
microcapillary patterning). 

 

 
 



COLL 611 

Facile approach to large-scale and three-dimensional pore-forming on 
polymeric objects 

Wei Sun, sunwei@nbu.edu.cn, Jiafeng Zhu, Zhangyu Yin. Ningbo University, 
Ningbo, Zhejiang, China 

Breath figure (BF) method is known to be a facial way to fabricate the 
patterned porous film. However, after being developed for more than two 
decades, the application of BF method is still limited as in lab fabrication 
rather than being commercially available. The classic BF process is based on 
a solution-casting procedure, hence the obtained BF films are all substrate 
dependent. It significantly restricts the BF method from realizing large-scale 
fabrication or 3D patterning. We have modified the classic BF procedure into a 
novel “pore-making” technique, based on a simple solvent treatment upon 
polymeric objects. By simply immersing the polymer films or sheets into the 
solvent and exposing them to humidity, the honeycomb-structured BF arrays 
can be obtained. Such technique, named as modified breath figure (mBF) 
method, was applied onto several different polymers (industrial grade), and 
produced controllable pore arrays with unprecedented ease in large scale, 
even on curved polymeric sheets or tubes. Furthermore, functional buliding 
blocks, such as particles, block copolymers (BCPs), were proved to be able to 
achieve fast decoration onto the interior of the mBF pores by interfacial self-
assembly. Here, we have provided a feasible way to address all the issues of 
the classic BF method, aiming to remove the obstacles preventing the BF 
method from achieving industrial applications. 

COLL 612 

Polymer CORALs with single and double response 

Zach Friar2, Preston B. Moore1, Alexander Sidorenko2, 
a.sidorenko@usciences.edu. (1) Chemistry Biochemistry, University of the Sci 
in Phila, Philadelphia, Pennsylvania, United States (2) University of the 
Sciences, Philadelphia, Pennsylvania, United States 

Polymer CORALs (i.e. CoOrdinated Responsive Arrays of surface-Linked 
islands) are homogeneously distributed islands of densely grafted polymers 
with the lateral sizes and separation distances that are comparable to the 
extended polymer chain length. They represent a unique way of organization 
of soft matter at the interface with solid substrates. Here we report on two 



novel CORALs: anionic polyelectrolyte (polymethacrylic acid) (PMAA) and 
thermoresponsive poly(dimethylamino ethylmethacrylate) (PDMAEMA). They 
are prepared from a block copolymer assembly of poly(tert-
butylmethacrylate)-block-poly(4-vinyl pyridine) and 2-(4-Hydroxyphenylazo)-
benzoic acid (PtBMA-P4VP+HABA). The microphase separation of the 
assembly results in well-defined cylindrical morphology, and grafting of P4VP 
to the surface via reaction of quaternization results in islands of PtBMA chains 
covalently bound to the substrate. The averaged island radius is 30 nm and 
island-island distance is 80 nm. Hydrolysis of the PtBMA results in 
polyelectrolyte CORALs that demonstrate morphology transition from a 
collapsed to a relaxed state and vice versa in response to pH change of the 
environment. Furthermore, PMMA can be converted to PDMAEMA via 
DCC/NHS activation and transesterification with (N,N-dimethylamino)ethanol. 
The resulting PDMAEMA CORALs demonstrate morphological response to 
both temperature and pH. The responsive behavior of PMAA and PDMAEMA 
CORALs has been simulated using course-grain molecular dynamic 
simulations and found to be in a semi-quantitative agreement with 
experimental results. 
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Materials for moisture harvesting above dew point temperature 

Jiayu Song1, jsongai@connect.ust.hk, King Lun Yeung1,2. (1) Chemical and 
Biological Engineering, Hong Kong University of Science and Technology, 
Kowloon, Hong Kong (2) Division of Environment and Sustainability, Hong 
Kong University of Science and Technology, Kowloon, Hong Kong 

Water is an important commodity of growing scarcity with increasing 
population growth and global climate change. Current technologies for water 
harvesting from ambient moisture are only possible below the dew point 
temperature and therefore require cooling. This work presents a novel 
material that is capable of harvesting ambient moisture above the dew point 
temperature. The material consists of a superhydrophilic, low water activity 
(LWA) material embedded within a superhydrophobic matrix. Moisture is 
attracted to the materials and as liquid form around the LWA materials, the 
water is repelled by the superhydrophobic matrix to the surface to drain as 
water droplets. Moisture harvesting can be sustained over period of 60 days 
and can be regenerated by mechanically squeezing the exist water built-up in 
the material. Water collected were analyzed to be safe for consumption. 

COLL 614 

Surface plasmon & visible light for polymer functionalization of 
mesoporous silica films 

Nicole Herzog, herzog@cellulose.tu-darmstadt.de, Annette Andrieu-
Brunsen. Technical University Darmstadt, Darmstadt, Germany 

Miniaturization is important to design complex functions or to generate 
complex systems containing different compartments which plays a crucial role 
for example in “Lab-on-Chip” devices or µ-electronic sensors. Structuring and 
thus compartmentalization of polymers at interfaces can be achieved using 
photolithography. But lithography based structures, usually obtained using 
UV-light initiated polymerizations are usually limited to micrometer dimensions 
due to Abbe’s diffraction limit. Further miniaturization might be achieved 
considering the 3rd dimension (perpendicular to the substrate) or higher 
resolution below the microscale. Overcoming this size limitation would open a 
new dimension of control in material design. Near field modes like surface 
plasmons consist of local electromagnetic fields with nanoscale dimensions. 
Their wavelength in case of planar metal electrode surfaces is usually located 



in the visible light range (460 to 650 nm). 
Based on these considerations we present a polymer functionalization 
strategy for mesoporous thin silica films based on radical polymerizations 
initiated by visible light and near-field modes with a wavelength of at 633 nm. 
Specifically, dye-sensitized polymerization using methylene blue absorbing at 
the relevant wavelength is applied for the polymer functionalization of 
mesoporous silica films of different film thicknesses using 2-
(Dimethylamino)ethylmethacrylat (DMAEMA) and 2-(methacryloyloxy)ethyl 
phosphate (MEP) as monomers. The mesoporous film functionalization 
strategy will be demonstrated. The effect of film thickness, porosity, irradiation 
energy … on mesopore polymer functionalization is systematically 
investigated. To date achieved possibilities and limits of surface plasmon 
induced mesopore functionalization with respect to localized functionalization 
and miniaturization will be discussed. Finally, it will be demonstrated that the 
obtained polymer functionalization results in ion permselective behavior 
governed by the pH-dependent polymer charge and characterized by cyclic 
voltammetry. 

 

COLL 615 

Multifunctional carbon dots for tracking and eradication of drug 
resistant superbugs 

Paresh C. Ray, paresh10027@yahoo.com. Jackson State University, 
Jackson, Mississippi, United States 

The emergence of drug resistance superbugs remains a major burden to 
society. Since the mortality rate caused by sepsis due to superbugs is more 
than 40%, accurate identification of blood infections during the early stage will 
have huge significant in the clinical setting. Here we report the synthesis of 
red/blue fluorescent carbon dots (CDs) attached magnetic nanoparticles 



based multicolor multifunctional CDs based nanosystems, which can be used 
for selective separation and identification of superbugs from infected blood 
samples. The reported data show that multifunctional fluorescent magneto-
carbon dots nanoparticles are capable of isolating MRSA 
and Salmonella DT104 superbug from whole blood samples, followed by 
accurate identification via multicolor fluorescence imaging. Since multiple drug 
resistance superbugs are resistant to antibiotics available in the market, this 
article also reports the design of antimicrobial peptide conjugated multicolor 
fluorescent magneto-carbon dots for effective separation, accurate 
identification and complete disinfection of MDR superbugs from infected 
blood. The reported data demonstrates that by combining pardaxin 
antimicrobial peptides, magnetic nanoparticle and multicolor fluorescent 
carbon dots into a single system, multifunctional carbon dots represent a 
novel material for efficient separation, differentiation, and eradication of 
superbugs. This material shows great promise for use in clinical settings. 

COLL 616 

Electrostatic stabilization of NanoRDX 

Mouhcine Doukkali1,2, mouhcine.doukkali.civ@mail.mil, Rajen Patel1, Victor 
Stepanov1, Hamid Hadim2. (1) Armement Research, Development and 
Engineering center, North Arlington, New Jersey, United States (2) 
Mechanical, Stevens Institute of Technology, Hobocken, New Jersey, United 
States 

In this work, 1,3,5-trinitroperhydro-1,3,5-triazine (RDX) with an average crystal 
size of 300 nm was prepared by bead milling to examine the effect of pH and 
ionic strength on the Zeta potential. The results showed that nanoRDX has no 
isoelectric point within the entire range studied ( . The maximum Zeta potential 
was reached under alkaline conditions of pH 11. The results indicate that the 
ionic strength, even at low concentrations of NaCl (0.002 mol/L), can increase 
the Zeta potential of the nanoRDX by 37%. The Derjaguin-Landau and 
Verwey-Overbeek (DLVO) theory was used to evaluate the stabilization of 
nanoRDX at different ionic strengths. The Hamaker constant was determined 
to be 1.84 x J and the total potential energy of interaction was computed at 
different electrolyte concentrations. The DLVO theory predicts that 300 nm 
RDX particles are stable at a low salt concentration of 0.002 mol/L and 
unstable at 0.1 mol/L. Turbidity test was conducted for nanoRDX dispersed in 
a solution of pH 11 and electrolyte concentration (NaCl) of 0.002 mol/L and 
compared to the nanoRDX dispersed only in water. The turbidity test 
qualitatively confirmed the results predicted by DLVO theory and Zeta 



potential measurements, showing that the nanoRDX dispersion was stabilized 
with the addition of electrolyte in an alkaline solution. 

COLL 617 

Machine learning to better understand hard surface cleaning 
formulations 

Naomi S. Brown, nsbrown1@sheffield.ac.uk, Anthony Ryan. Chemistry, 
University of Sheffield, Sheffield, United Kingdom 

A typical kitchen cleaner contains multiple components including surfactants, 
solvents, and other additives. These ingredients can interact with each other, 
with the soil to be cleaned, and with the surface to be cleaned, affecting 
formulation performance. This makes an a priori prediction of performance 
based on ingredients challenging. Additionally, the complex nature of the soils 
and impurities in formulation ingredients imposes limitations on computational 
chemistry approaches. To overcome some of these limitations, we take a 
machine learning approach. As surface tension plays an important role in the 
cleaning process, here we use Bayesian optimization to optimize surface 
tension of a model formulation having multiple surfactants. This approach may 
be applied to other cleaning factors to help develop and predict effective 
formulations. 

COLL 618 

Advancements in latent fingerprint development 

Pete Villarreal2, Ivan Villavicencio3, Sajid Liu2, br9@hotmail.com, Jingbo L. 
Liu2,1. (1) Texas AM University, Kingsville, Texas, United States (2) Texas 
A&M University-Kingsville, Kingsville, Texas, United States 

Fingerprinting currently remains one of the oldest and most widely used 
methods of forensic testing in the world to date. Despite this, there have been 
few advancements in the field which has led to increased scrutiny over 
whether outdated techniques are reliable and sufficient. Several flaws which 
are most commonly noted with current fingerprinting methods is a lack of 
reliable techniques, investigative bias, and incompatibility of currently 
available chemicals and potentially important materials to a crime scene. The 
method proposed to overcome this issue is the use of functionalized 
nanomaterials which have the potential to overcome current limitations of 
fingerprinting techniques. Nanomaterials allow for increased surface area 



interaction which is vital to obtaining an accurate and reliable print. By 
combining the use of these nanomaterials with advanced imaging techniques, 
much more sophisticated, detailed, and reliable prints may be processed 
which will better serve the needs of law enforcement officers. This research 
aims to demonstrate the superiority of nanomaterials over traditional and 
outdated fingerprint development techniques. 

COLL 619 

Langmuir films of layered materials: Towards large-area devices 

Matthew Large1, matthew.large@live.co.uk, Sean Ogilvie1, Cheuk L. Lee2, 
Giuseppe Fratta1, Alice A. King1, Alan Dalton1. (1) Materials Physics, 
University of Sussex, Brighton, East Sussex, United Kingdom (2) HKUST, 
Hong Kong, Hong Kong 

Langmuir film formation is a convenient and highly efficient method for 
preparing monolayers of molecules as well as particulates. In the past a 
roadblock to preparation of high-quality, large area films of exfoliated 
nanomaterials has been a mismatch between solvents that are good for 
exfoliation, and those that are good for Langmuir film spreading. There has 
also been significant emphasis placed on the pressure-surface area isotherms 
in Langmuir experiments with nanomaterial films, despite there being good 
reasons why these materials should not behave in the manner traditionally 
associated with monolayers of amphiphilic molecules. 
 
We describe the techniques we have developed to prepare high-coverage 
films of exfoliated layered materials, including graphene, boron nitride, 
molybdenum disulfide, and molybdenum diselenide. We investigate 
dispersions and films through a range of microscopic and spectroscopic 
methods in order to understand particle re-aggregation during deposition. We 
present developments towards the preparation of large-area, photo-active 
devices. 

 



 
 
Figure 1. a: Size-selected MoS2 dispersions prepared by ultrasonication and 
centrifugation. b: Compressed Langmuir film at the air-water interface. c: 
Photoconductive response of the inset film deposited between gold electrodes in a 
horizontal device format. d: Vertical-stacked device design. 

COLL 620 

Efficient and synergistic nucleic acid delivery with synthetic systems 
based on pyridinium amphiphiles 

Marc A. Ilies1, mailies@temple.edu, Vishnu D. Sharma1, Adrian Kizewski1, 
Uttam Satyal2. (1) Department of Pharmaceutical Sciences, Temple University 
School of Pharmacy, Philadelphia, Pennsylvania, United States (2) 
Pharmaceutical Sciences, Temple University School of Pharmacy, 
Philadelphia, Pennsylvania, United States 



Self-assembled synthetic nucleic acid delivery systems represent the “bottom 
up” approach to gene delivery and gene silencing, in which novel cationic and 
procationic amphiphiles are used to pack, transport and deliver nucleic acids 
to various targets in the body in a controlled manner. These supramolecular 
assemblies are safer than viruses, but are lagging behind them in efficiency. 
However, the use of synthetic vectors and nucleic acid delivery methods in 
clinical trials increased constantly over time, mainly due to their superior 
safety. 
In recent years a plethora of studies evidenced that heterocyclic cationic 
amphiphiles are superior to classical ammonium-based amphiphiles, with 
pyridinium representatives occupying a privileged spot within this class of 
amphiphilic compounds. Moreover, this efficiency was confirmed across 
different classes of amphiphiles: simple amphiphiles, gemini surfactants, 
pseudo-gemini surfactants, lipids, lipophilic polycations, etc. We will present 
recent data showing how one can narrowed the efficiency gap between 
synthetic and biological systems using a combination of pyridinium 
amphiphiles in a synergistic manner and how this knowledge was 
incorporated into the design of novel pyridinium amphiphiles and formulations, 
with proved efficiency for pDNA, RNA and mRNA. 

COLL 621 

Novel nanomaterials for water purification: Synthesis, characterization 
and application of functionalized SWCNTs 

Abhispa Sahu, asahu1@uncc.edu, Kayla Blackburn, Mohd Hisyam 
Qumhiyeh, Kayla Durkin, Jordan C. Poler. Chemistry, UNC Charlotte, 
Charlotte, North Carolina, United States 

Water pollution due to human activities is an inescapable crisis, especially in 
developing countries like India, with huge population. 80% of sewage is 
untreated and flows directly into natural water systems, where millions live 
along the river shores. Indian cities produce nearly 40,000 million litres of 
sewage every day, according to a report released by the Centre of Science 
and Environment in 2013. Non-existent enforcement of environmental laws, 
rapid urban development & lack of awareness leads to an increase of natural 
organic matter, arsenic content, pathogenic contaminations, disinfection 
byproducts (DBPs), pharmaceuticals, etc., in the drinking water supply. 
Conventional water filtration methods are effective in removing pathogens, but 
are not effective in removing low molecular weight organic matter (LMWOM), 
which are well above the limitations set by Central Pollution Control Board. 
 



In order to address the removal of LMWOM, we have synthesized novel 
nanomaterials, by functionalizing the surface of single-walled carbon 
nanotubes (SWCNTs). This is performed with a strong base anion exchange 
polymer, to utilize the large specific surface area of SWCNTs, thereby 
harnessing the increase in availability of the active ion exchange sites. These 
resins, functionalized SWCNTs, are thinner & have higher adsorption capacity 
compared to other current commercialized materials. Aqueous activator 
regenerated by electron transfer – atom transfer radical polymerization is a 
sustainable green technique to functionalize SWCNT with poly(vinylbenzyl 
trimethyl ammonium chloride) poly(vbTMAC) & use it as a technology for 
water purification. 
 
The purification of nanoresin was done using centrifugation in high brine 
concentration & dialysis for successfully securing functionalized SWCNTs 
only. The H-NMR characterization of poly(vbTMAC) was performed to check 
the percent polymerization from monomer. DLS and MALS were used to find 
the average size of poly(vbTMAC) nanoparticles & predict about its molecular 
weight. Raman spectra was performed to determine the D:G ratio in 
comparison to pristine SWCNTs. Scanning electron microscopy was used to 
check the topography of functionalized SWCNTs compared to that of pristine 
SWCNTs. The applicability of aqueous nanoresin was demonstrated on DBP 
surrogate and other compounds using UV-Vis spectroscopy and total organic 
analysis. Regeneration studies upto 15 cycles have been performed. All data 
along with analysis will be presented. 

COLL 622 

Role of polymers on fragrance retention, release and sensory perception 
from surfactant rich rinse-off cosmetics 

Martin S. Vethamuthu1,2, msvethamuthu@ashland.com. (1) Skin Care, 
Ashland Care Specialties, Bridgewater, New Jersey, United States (2) 
Chemical Engineering, University of Delaware, Newark, Delaware, United 
States 

Fragrance is a critical component in most personal care and household 
products. Fragrance release and perception is an essential product attribute 
that influences the consumer at the point of sale and, when truly successful in 
use, encourages re-purchase and eventually builds brand loyalty. The emotive 
effects of fragrance are such that it can even contribute to the user’s 
perception of a product’s functionality, even if there is no factual basis for such 
a judgment. 



 
The first part of this study discusses an effective in-vivo methodology, 
validated by expert sensory evaluation, of fragrance release from surfactant 
rich rinse-off cosmetics by a non-invasive method for dynamic head space 
sampling of the volatile fragrance components deposited from a cleanser after 
rinse-off. The twister bar headspace sorptive extraction (HSSE) method used 
for sampling the vapor phase was introduced with the aim of increasing the 
concentration capability of the solid phase micro extraction (SPME needle) 
method. After dynamic sampling of washed skin for 15 minutes the twister bar 
is placed in a glass tube and transferred to a thermo-desorption system where 
the recovered analytes are thermally desorbed and analyzed by GC-MS. This 
novel approach has been used for quantitation of fragrance headspace 
components or perfume notes retained on skin. 
 
The second part of this presentation focuses on the results of using this 
method to screen how different polymers impact this fragrance deposition on 
skin. Polymer chemical composition, charge density, molecular weight 
distribution and hydrodynamic size are key variables that have been 
investigated to differentiate performance with respect to the various perfume 
notes retained and released on skin after rinse-off. 
 
In conclusion, the headspace GC instrumentation coupled with the 
appropriate twister bar methodology can monitor the time dependent release/ 
retention profiles of volatile fragrance components from the skin. The results 
from these studies show that polymeric deposition technology provides a 
novel approach to significantly improving fragrance delivery and perception 
from rinse-off cosmetics. 

COLL 623 

Two-dimensional sheet stabilized emulsion based inks 

Feiyang Chen1, feiyang.chen@uconn.edu, Douglas H. Adamson1,2. (1) 
chemistry, University of Connecticut, Storrs, Connecticut, United States (2) 
Polymer program, university of Connecticut, Storrs, Connecticut, United 
States 

Electrically conductive ink has exciting applications, including the fast 
production of wearable electronic devices. Numerous approaches have been 
reported for producing electrically conductive inks, such as suspending metal 
(e.g. Ag, Au, Cu) particles in a solvent, using electrically conductive polymers 
(e.g. PEDOT, PT), or suspending carbon based particles such as reduced 



graphene oxide, carbon black, or carbon nanotubes. Metals have very good 
electrical conductivity, but can be expensive and cause skin irritation. Cu is 
comparably cheap, but becomes much less conductive when oxidized. 
Electrically conductive polymers can be more affordable, but slowly degrade 
and lack good thermal stability. Carbon materials are normally challenging to 
disperse, while graphitic materials such as modified carbon nanotubes and 
reduced graphene oxide (rGO) are not as conductive as the carbon materials. 
In the research presented here, instead of suspending particles in solvent, we 
use an interfacial trapping technique to produce a uniform water-in-oil 
emulsion ink with graphene sheets stabilizing the oil and water interface. 
These sheets act as a surfactant, spontaneously exfoliating from graphite to 
stabilize the water-in-oil emulsion. We have found that such emulsions 
prepared with high molecular weight alkanes (e.g. dodecane, hexadecane) as 
the oil phase have viscosities suitable for screen-printing. Preparation of these 
inks is a cheap, one step process without additional post printing treatment. 
Our study involves inks made by using different alkanes, different flake sizes 
of graphite, and different loadings of graphite. The rheology and electrical 
conductivity of these inks are used as the basis to explain the cause of this 
high viscosity and provide guidance for future commercial applications. 

COLL 624 

Functionalization of graphene materials for corrosion protection in 2K 
epoxy and urethane coating systems 

Melissa Wunch1, maw130430@utdallas.edu, Samsuddin Mahmood2, Duck 
Yang3. (1) Chemistry, University of Texas at Dallas, Plano, Texas, United 
States (2) Chemistry/BE26, University of Texas at Dallas, Richardson, Texas, 
United States (3) Dept of Chemistry, University of Texas at Dallas, 
Richardson, Texas, United States 

Conventional barrier protection methods, such as zinc, can lead to high cost 
input to maintain the integrity of the ship or automobile from the environment. 
This led to research into graphene based materials due to their multifunctional 
properties, such as: hydrophobicity, barrier against molecules and ions, and 
high surface area. It is possible to take advantage of these multifunctional 
properties through inclusion in two component (2K) coating systems and 
testing for corrosion protection. This research looks at including graphene 
materials in a 2K Urethane and a 2K Epoxy coating system in order to 
observe their effects on hydrophobicity and corrosion protection. Inclusion of 
graphene in 2K Epoxy coating system has displayed significant decrease in 
corrosion rate (0.5 mpy). Additionally, amine (-NH2) and fluorine (-F) groups 



were introduced on the surface of the graphene in order to observe how they 
would affect dispersion stability, surface properties, and corrosion protection 
in a 2K urethane coating. Dispersion stability of graphene materials was 
performed in acrylic polyol and isocyanate (2K Urethane). Dispersions in 
acrylic polyol yielded prolonged stability of graphene in the solution. 
Introduction of these graphene materials has yielded a positive effect on 
corrosion protection and surface hydrophobicity. 

 
 
2K Urethane coating with F-G after 2-month immersion in 3.5% NaCl. As 
concentration of F-G increases the corrosion decreases. 
 

 
 
Graphical depiction of how the concentration of graphene effects corrosion rate upon 
addition in a 2K epoxy coating 
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Sacha inchi (Plukenetia volubilis) oil loaded chitosan-alginate 
micro/nanoemulsion with antioxidant activity 

Mariela Elgegren1, Diego Cordova1, Suyeon Kim2, skim@pucp.pe, Javier 
Nakamatsu1, Carla Silva3, Artur Cavaco-Paulo3. (1) Pontificia Universidad 
Catolica del Peru, Lima, Peru (2) Engineering department, Pontificia 
Universidad Católica del Perú , Lima, Lima, Peru (3) University of Minho, 
Braga, Portugal 

Sacha inchi (Plukenetia volubilis) is a native plant growing in Peruvian 
Amazon Rainforest. The sacha inchi fruit has an important nutrition values 
due to high content of essential fatty acid, i.e. omega-3 and omega-6, vitamin 
and E (natural antioxidant) [1]. In this studyh, the micro and nano emulsions of 
chitosan-alginate were prepared using ultrasound in the presence of sacha 
inchi oil (5% of total volume). To compare the effect of sach inchi oil in the 
formulation of particles, other edible oils were also tested like commercial 
vegetable oil and olive oil, all produced in Peru. Various reaction factors were 
optimized such as, sonication time and temperature, pH of chitosan and 
alginate solutions, concentration of surfactant, and concentration of chitosan. 
The obtained micro and nanoparticles were characterized by measuring the 
particle size, zeta potential and polydispersity using zeta-sizer. The content of 
sacha inchi oil in chitosan-alginate particles was observed by measuring FT-
IR. The morphology of particles was studied with optical microscopy with x100 
objective. The loading efficiency of BSA molecules was studied and increased 
with BSA concertation. The antioxidant activity of resulting chitosan-alginate 
particles were tested by ABTS decoloration method and showed a strong 
antioxidant acitvity when the chitosan-alginate particles were prepared with 
sacha inchi oil. 

COLL 626 

Exploring the influence of amino acid strucutre on interactions between 
peptides and hematite surfaces 

James A. Dunn1, dunn.600@osu.edu, Nadia N. Casillas Ituarte2, Steven 
Lower2, Brian H. Lower1. (1) School of Environment and Natural Resources, 
The Ohio State University, Columbus, Ohio, United States (2) School of Earth 
Sciences, The Ohio State University, Columbus, Ohio, United States 



The immobilization of enzymes onto nanoparticle-sized materials like hematite 
(a-Fe2O3) has been reported to positively affect their activity and stability. 
Peptides that specifically bind to a surface are useful for the functionalization 
of materials, as they circumvent the need for harsh cross-linking chemicals 
that may impair enzymatic activity. Previous studies have illustrated that 
introducing peptide sequences with novel hematite affinity into 
biotechnologically relevant enzymes can increase their effectiveness. 
Optimizing the interactions between hematite and small peptides could lead to 
further advances in how enzymes are put to work in medicine and technology. 
In this study, two small hematite-binding peptides were empirically designed 
and synthesized, and their affinity for hematite was tested by atomic force 
microscopy. One of these peptides contained no threonine residues 
(HSSSSYSPS), while the other contained two threonine residue substitutions 
(HTSSTYSPS). These peptides were immobilized on a self-assembled 
monolayer (SAM) and probed with a hematite-coated AFM tip. By analyzing 
force spectra with the worm-like chain model, we determined the on-rate 
constant (kon), off-rate constant (koff), and dissociation constant (Kd) for both 
peptides. At loading rates between 104 and 106 pN/sec, the koff and Kd for the 
threonine-containing peptide was approximately double that of the serine-only 
peptide, indicating that the serine-only peptide bound twice as strongly to a 
hematite surface. This distinction is likely attributed to structural differences 
between serine and threonine, and serine is able to “screen” surface charge 
more effectively than threonine. 

 



 

COLL 627 

Forthcoming renaissance for calcium phosphate nanoparticles in 
biomedicine 

Vuk Uskokovic, vuk21@yahoo.com. Dept. of Biomedical and Pharmaceutical 
Sciences, Champan University, Irvine, California, United States 

Calcium phosphate was selected throughout the evolution for the mineral 
component of the vertebrate skeleton. Its comprising the foundations of our 
bodies has served as an invaluable inspiration for materials scientists who 
have attempted to discover in this material more potential than meets the eye. 



Efforts are currently being made to expand the application repertoire of 
calcium phosphates beyond their use as traditional bone fillers or tissue 
engineering construct components that impart osteoconductivity and high 
compressive strength. The application of calcium phosphates for sustained 
drug delivery, gene and anticancer therapies, antibiofilm coatings and hard 
tissue regeneration has been intensely explored recently. In this talk I will 
show that calcium phosphate nanoparticles could be chemically designed to 
take on the role of bone growth factors, antibiotics for prophylactic or anti-
infective purposes, bisphosphonates as antiresorptive compounds, viral 
vectors to enable the intracellular delivery of therapeutics, and magnetic 
hyperthermia agents. Correspondingly, nanoparticulate calcium phosphates 
could: (a) produce tunable drug release profiles; (b) take the form of viscous 
and injectable, self-setting pastes; (c) be naturally osteoinductive and 
inhibitory for osteoclastogenesis; (d) intracellularly deliver bioactive 
compounds; (e) accommodate an array of functional ions; (f) be processed 
into macroporous constructs for tissue engineering; and (g) be naturally 
antimicrobial. All in all, calcium phosphates possess a protean nature whose 
therapeutic potentials have been barely tapped into. 

COLL 628 

Sunblock based on bioadhesive nanoparticles 

Yang Deng, yang.deng.yd@gmail.com. Applied Research, L'Oreal, Green 
Brook, New Jersey, United States 

The majority of commercial sunblock preparations use organic or inorganic 
ultraviolet (UV) filters. Despite protecting against cutaneous phototoxicity, 
direct cellular exposure to UV filters has raised a variety of health concerns. 
Here, we show that the encapsulation of padimate O (PO)—a model UV 
filter—in bioadhesive nanoparticles (BNPs) prevents epidermal cellular 
exposure to UV filters while enhancing UV protection. BNPs are readily 
suspended in water, facilitate adherence to the stratum corneum without 
subsequent intra-epidermal or follicular penetration, and their interaction with 
skin is water resistant yet the particles can be removed via active towel drying. 
Although the sunblock based on BNPs contained less than 5% (weight) of the 
UV-filter concentration found in commercial standards, the anti-UV effect was 
comparable when tested in two murine models. Moreover, the BNP-based 
sunblock significantly reduced double-stranded DNA breaks when compared 
with a commercial sunscreen formulation. 

 



 

COLL 629 

Enhanced stability of immobilized enzymes on heterogeneous lipid 
bilayers 

Andres F. Chaparro Sosa, Andres.ChaparroSosa@colorado.edu, Daniel F. 
Kienle, Rebecca Falatach, Joel Kaar, Daniel K. Schwartz. Chemical Biological 
Eng, University of Colorado, Boulder, Colorado, United States 

The design of synthetic surfaces that maintain the structure and function of 
enzymes that are associated with those surfaces is of fundamental 
importance in many areas of biotechnology. Although the design of such 
surfaces has, to date, remained elusive, there are a plethora of examples from 
nature from which we can learn about biointerfaces at which proteins are 
stable. For example, many proteins are in constant contact with membranes 
and other lipid-containing structures with minimal loss of structure and 
function. In this work, we investigated the structure and conformational 
stability of immobilized nitroreductase (NfsB) on supported lipid bilayers 
composed of varying lipid compositions using novel single-molecule methods. 
Interesting, using dynamic single-molecule tracking in combination with 
Forster resonance energy transfer, we found that NfsB was more stable on 
mixed supported lipid bilayer surfaces containing both 1,2-dioleoyl-sn-glycero-
3-phosphocholine (DOPC) and 1,2-dioleoyl-sn-glycero-3-phospho-(1'-rac-
glycerol) (DOPG) than on either pure DOPC or DOPG alone. Additionally, we 
observed a strong correlation between NfsB diffusivity and lipid composition 
where folded NfsB molecules diffused more quickly on the mixed supported 
lipid bilayer surfaces. Combined, these results suggest that, on the mixed lipid 
surfaces, NfsB interacts more weakly with the underlying lipid head groups 
than on the pure lipid surfaces. Such findings, which are consistent with other 
findings from our group, highlight the potential importance of chemical 
heterogeneity of biointerfaces on enzyme and, more broadly, protein stability. 

COLL 630 



Solution-phase zwitterionic polymers destabilize proteins compared to 
polyethylene glycol 

Lydia Kisley3, lkisley11@gmail.com, Martin Gruebele1, Deborah E. 
Leckband2. (1) Univ of Illinois, Urbana, Illinois, United States (2) University of 
Illinois, Urbana, Illinois, United States (3) Beckman Institute, University of 
Illinois Urbana-Champaign, Urbana, Illinois, United States 

Zwitterionic polymers have uses in biomaterial applications as protein 
stabilizers and antifouling surfaces. The mechanism of the properties of 
locally-charged zwitterionic polymers that lead to these applications is 
hypothesized to be different from the “gold standard” polymer of nonionic, 
water-soluble polyethylene glycol (PEG). Previous studies have shown PEG 
weakly binds to proteins in solution and can function like a chaperone that 
stabilizes the protein, preventing protein aggregation. Similar studies of 
zwitterionic polymer-protein interactions in solution are lacking. Here, we 
study the effect of colloidal poly(sulfobetaine) on the thermodynamic stability 
and kinetics of protein folding using temperature-dependent tryptophan 
fluorescence measurements. We observe that poly(sulfobetaine) destabilizes 
the protein and decreases the cooperativity of folding, in contrast to PEG that 
does not have an effect on the thermodynamic properties of the protein at the 
same concentration and molecular weight. The degree of interaction of 
poly(sulfobetaine) with proteins is both ionic strength and protein dependent, 
and does not depend on the phase of the polymer. Using colloidal probe AFM, 
we investigate the interactions between the protein and zwitterionic polymer to 
propose an electrostatic mechanism. 

COLL 631 

Biointerfacial phenomena in mussel-inspired polymers 

Peyman Delparastan1, Katerina Malollari3, Phillip B. Messersmith1,2, 
philm@berkeley.edu. (1) Materials Science and Engineering, University of 
California, Berkeley, Berkeley, California, United States (2) Bioengineering, 
University of California, Berkeley, Berkeley, California, United States (3) 
Mechanical Engineering, University of California, Berkeley, Berkeley, 
California, United States 

Polyphenols are found in both plant and animal tissues, where they serve a 
variety of functions including mechanical adhesion, structural support, 
pigmentation, radiation protection, and chemical defense. In animals, 
polyphenols are found in the adhesive proteins secreted by sessile marine 



organisms. In mussels, the adhesive proteins are known to contain high levels 
of 3,4-dihydroxy-L-alanine (DOPA), an amino acid that is believed to be 
important in adhesion to substrates. In plants, polyphenolic compounds rich in 
catechol and/or gallol functional groups are widely distributed secondary 
metabolites with a variety of biochemical and physical functions. Like DOPA, 
these plant-derived compounds also exhibit interesting interfacial behavior. 
This talk will focus on selected catechol or gallol containing biological 
polyphenols used as building blocks for polymers and coatings. Exploiting 
their natural interfacial adhesion properties, we have engineered a method to 
form thin adherent polymerized films on substrates immersed in solutions of 
catecholamines like dopamine, and natural plant polyphenols. Deposition is 
facile from an aqueous polyphenol solution onto a variety of solid, porous and 
nanoparticulate metals, ceramics and polymers. Single molecule force 
spectroscopy measurements are providing new insight into the interfacial 
behavior of these molecules. The deposited polyphenol films serve as 
versatile ‘primers’ facilitating secondary modifications of the primer coating 
such as metallization and covalent grafting of biomolecules and synthetic 
polymers. These coatings can be exploited for a variety of practical 
applications, including antibacterial, antioxidant and fouling resistant coatings 
on medical devices, metal deposition, plasmonic tuning and surface 
functionalization of nanoparticles. 

COLL 632 

Connecting protein structure, function, and interfacial dynamics with 
single-molecule methods 

Joel Kaar, joel.kaar@colorado.edu. Chemical Biological Eng, University of 
Colorado, Boulder, Colorado, United States 

We have developed a novel approach to elucidate the structure and transient 
behavior of protein molecules at the solution-solid interface based on dynamic 
single-molecule tracking. This approach, which is uniquely sensitive to 
structural and interfacial dynamics, includes the use of high-throughput 
tracking of protein molecules by means of internal reflection fluorescence 
(TIRF) microscopy in combination with intramolecular as well as 
intermolecular Forster resonance energy transfer (FRET). An important 
aspect of this approach is the use of bioothogonal labeling techniques to site-
specifically introduce donor and acceptor fluorophores, which allow 
fluctuations in FRET efficiency to be correlated with changes in protein 
structure. Notably, in this approach, as many as 106 protein molecules are 
tracked as they adsorb, desorb, diffuse, and simultaneously undergo 



conformational changes and/or intermolecular associations, permitting the 
statistical identification of dynamic, spatial, and population heterogeneity. The 
subsequent correlation of these dynamic behaviors on a molecule-by-
molecule basis via large-scale multi-variate analyses, moreover, provides new 
insights into the connection between interfacial dynamics and protein 
structure. This talk will specifically focus on the application of this approach to 
understand the connection between protein dynamics and conformation as 
well as function. 

COLL 633 

Direct measurements of protein folding stability in biomaterials 

Deborah E. Leckband2, leckband@illinois.edu, Lydia Kisley2, Kali A. 
Serrano2, Drishti Guin2, Xinyu Kong2, Martin Gruebele1. (1) Univ of Illinois, 
Urbana, Illinois, United States (2) University of Illinois, Urbana, Illinois, United 
States 

A major challenge in biotechnology is the identification of material properties 
that enhance or shut down protein functions in hybrid bio-materials. This talk 
describes a new approach, Fast Relaxation Imaging (FReI) that enables the 
direct imaging of protein folding stability in situ in biomaterials at diffraction-
limited spatial resolution. This approach combines fluorescence resonance 
energy transfer (FRET) to visualize protein conformations in situ with localized 
temperature jumps to assess the impact of material microenvironments on 
protein folding stability. Initial results described in this talk investigated the 
interplay between crowding and cross-linking density on the folding stability of 
a model protein phosphoglycerate kinase and a crowding sensor within 
polyacrylamide hydrogels. These results demonstrated how the interplay 
between protein crowding and polymer interactions affects protein stability at 
different polyacrylamide cross-linking densities. The FReI measurements 
open up new opportunities to investigate protein/material interactions that will 
identify new design rules for protein-compatible materials at an 
unprecedented level of detail. 

COLL 634 

Protein-protein interactions control aggregation at silicone oil-water 
interfaces 

Lea Sorret2, lea.sorret@colorado.edu, Madison A. DeWinter2, Daniel K. 
Schwartz1, Theodore Randolph1. (1) Univ of Colorado, Boulder, Colorado, 



United States (2) Chemical engineering, University of Colorado Boulder, 
Boulder, Colorado, United States 

In this study, we investigated the effects of protein-protein interaction strength 
on interfacial viscoelastic properties and aggregation of recombinant human 
interleukin-1 receptor antagonist (rhIL-1ra) at the silicone oil-water interface. 
This interface is typically found in glass prefilled syringes which serve as both 
delivery devices and storage containers for therapeutic proteins and peptides. 
Protein adsorption to silicone oil-water interfaces contributes to the formation 
of protein aggregates that may be shed from interfaces into bulk solutions, 
leading to product recalls or adverse immunogenicity if particles are injected 
into patients. Osmotic second virial coefficients determined by static light 
scattering were used to quantify protein-protein interactions in bulk solution. 
Attractive protein-protein interactions dominated at low ionic strengths and 
their magnitude decreased with increasing ionic strength, in contrast to the 
repulsive interactions that would be expected based on electrical double layer 
(Gouy-Chapman) theory. Interfacial shear rheometry was used to characterize 
rhIL-1ra interfacial layers by measuring interfacial loss and storage moduli as 
a function of aging time. Notably, we found that more attractive protein-protein 
interactions in bulk solution correlated with stronger interfacial gels at the 
silicone oil-water interface. Thioflavin T fluorescence measurements indicated 
that the interfacial rhIL-1ra gels contained intermolecular β-sheet structures 
whose content correlated with gel strength. Siliconized syringes were used to 
probe the effects of mechanical perturbation of the interfacial gel layers. When 
rhIL-1ra solutions in siliconized glass syringes were subjected to end-over-end 
rotation, monomeric rhIL-1ra was lost from solution, and particles containing 
aggregated protein were released into the bulk aqueous phase. Importantly, 
the loss of monomeric rhIL-1ra in response to mechanical perturbation was 
highest under the conditions where the strongest gels were observed. 
Aggregation of rhIL-1ra was strictly interface-induced and growth of 
aggregates in the bulk solution was not observed, even in the presence of 
particles released from the silicone oil-water interface. 

COLL 635 

Membrane phase separation enhances liposomal delivery of 
chemotherapeutics 

Zachary Imam1, ziimam@utexas.edu, Morgan Mendicino1, Jeanne 
Stachowiak1,2. (1) Biomedical Engineering, University of Texas at Austin, 
Austin, Texas, United States (2) ICMB, University of Texas at Austin, Austin, 
Texas, United States 



Diverse biological systems, such as viruses and organelles, utilize fusion of 
biological membranes for the efficient delivery of molecules from one 
membrane-bound volume to another. These processes have inspired the use 
of membrane fusion in drug delivery technologies as an efficient mechanism 
for the transport of therapeutic molecules to the cytoplasm. However, a key 
limitation of current fusogenic liposomal drug delivery systems is the toxicity of 
the high concentrations of cationic lipids required to achieve efficient fusion. 
Here we use membrane phase separation to locally concentrate cationic lipids 
on membrane surfaces, providing a novel method for reducing the 
concentration of cationic lipids while maintaining efficient delivery. Specifically, 
we demonstrate that concentrating the fusogenic lipid 1,2-dioleoyl-3-
trimethylammonium-propane (DOTAP) within liquid disordered domains 
substantially increases the efficiency of doxorubicin delivery to cells. To 
demonstrate this concept, we created two types of doxorubicin-loaded 
liposomes: phase-separated liposomes that concentrate DOTAP in lipid 
domains and homogenous liposomes with an even distribution of DOTAP over 
the membrane surface. HeLa cells incubated with phase-separated DOTAP 
liposomes exhibited increased membrane fluorescence as well as increased 
cell death when compared to cells incubated with homogeneous DOTAP 
liposomes. Specifically, the lethal dose (LD50) for cells incubated with phase-
separated liposomes was improved 4-fold in comparison to homogeneous 
liposomes and control liposomes lacking DOTAP. These data demonstrate 
that phase separation can enhance doxorubicin delivery by locally 
concentrating fusogenic lipids in lipid domains. We anticipate that fusogenic, 
phase-separated liposomes will be a key first step toward building an efficient 
liposomal system for delivery of diverse therapeutics to the cytoplasm. 
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Intrinsically disordered proteins sense membrane curvature 

Wade Zeno1, wadezeno@utexas.edu, Upayan Baul2, Wilton Snead1, Liping 
Wang3, Eileen M. Lafer3, Dave Thirumalai2, Jeanne Stachowiak1,4. (1) 



Department of Biomedical Engineering, The University of Texas at Austin, 
Austin, Texas, United States (2) Department of Chemistry, The University of 
Texas at Austin, Austin, Texas, United States (3) Department of Biochemistry, 
The University of Texas Health Science Center, San Antonio, Texas, United 
States (4) Institute for Cellular and Molecular Biology, The University of Texas 
at Austin, Austin, Texas, United States 

The ability of proteins to sense membrane curvature is essential for efficient 
initiation and assembly of diverse membrane structures including endocytic 
vesicles, viral buds, filopodia, and tubular organelles. To date, all known 
mechanisms of membrane curvature sensing rely on protein domains with 
specific structural features such as (i) wedge-like amphipathic helices, which 
insert into lipid packing defects concentrated in highly curved membranes and 
(ii) crescent-shaped BAR domains, which match the shape of curved 
membranes. In contrast, here we report a novel mechanism of membrane 
curvature sensing that arises from the absence of protein structure. 
Specifically, our results demonstrate that polymer-like intrinsically disordered 
protein (IDP) domains, are highly sensitive to membrane curvature, since 
curved membrane surfaces place fewer geometric constraints on IDP 
conformation, maximizing their conformational entropy. In agreement with the 
predictions of Monte Carlo simulations, quantitative measurements of protein 
binding as a function of membrane curvature demonstrate that the IDP 
domains of the endocytic proteins AP180, Epsin1, and Amphiphysin1 bind to 
highly curved lipid vesicles (20 nm in diameter) with approximately 4 to 10-fold 
greater affinity than to vesicles of lower curvature (200 nm in diameter). This 
level of curvature sensitivity is comparable to that of structure-based curvature 
sensors including the amphipathic helix of the ENTH domain of Epsin 1 and 
the BAR domain of Amphiphysin1. Further, we find that the full-length Epsin1 
and Amphiphysin1 proteins achieve considerably greater curvature sensitivity 
than any of their component parts, demonstrating that IDP domains can act 
synergistically with structure-based curvature sensors present within the same 
protein molecule. This work suggests that entropic mechanisms of membrane 
curvature sensing - which arise from changes in protein conformational 
entropy rather than protein structure - provide a highly potent, yet previously 
unknown mechanism of membrane curvature sensing. These findings are 
particularly important since IDP domains are found within many of the best 
studied curvature-sensing proteins, including components of the clathrin and 
COPII vesiculation pathways. 

  



COLL 637 

Building the tight junction: Probing the assembly and regulation of 
membrane interface organization through in vitro reconstitution 

Brian Belardi1, bdb@berkeley.edu, Tiama Hamkins-Indik1, Daniel A. 
Fletcher1,2. (1) University of California, Berkeley, Oakland, California, United 
States (2) Lawrence Berkeley National Laboratory, Berkeley, California, 
United States 

The tight junction (TJ) is an exceptionally complex higher-order structure in 
polarized epithelial cells. Following the discovery of TJs by freeze fracture 
electron microscopy, biologists and biophysicists have learned that the 
architecture of the TJ involves an intricate network of interweaving, cross-
linked strands of densely-packed protein. These strands are believed to be 
responsible for sealing the paracellular space between epithelial cells and 
organizing epithelia into discrete apical and basolateral domains. The very 
complexity of the tight junction has, however, made studying the molecular 
determinants of strand assembly and the molecular mechanism of barrier 
function challenging. Consequently, debate still surrounds several of the roles 
tight junctions play in vivo. In particular, it is not clear if the TJ alone has the 
ability to limit diffusion of proteins and lipids from the apical surface to the 
basolateral surface and vice versa. Additionally, the precise role of the actin 
cytoskeleton in forming a well-organized non-leaky junction remains 
unresolved. To address these and related questions, we have taken a bottom-
up approach to dissect the organization and function of TJ proteins at 
membrane interfaces. Focusing on selected TJ proteins in vitro, we have 
developed microfluidic jetting methods to incorporate the four-pass 
transmembrane TJ proteins, e.g. claudin-4, into giant lipid vesicles and to 
determine the influence of the actin-binding site of ZO-1 on claudin 
organization. With these tools, we show that claudin-4 and membrane 
mechanics alone can drive exclusion of bulky membrane proteins at 
membrane interfaces without altering lipid diffusion. We also provide evidence 
that the actin cytoskeleton plays a crucial role in assembling TJ strands and 
establishing a tight barrier through short peptide segments in ZO-1 and ZO-2. 
Finally, our data suggest a greater role for the post-translational regulation of 
ZO-1/2 during TJ maturation. 

COLL 638 

Non-equilibrium shape transitions of vesicles under osmopheretic flow 
and its role in biology 



Sowmya Purushothaman 1,3, sowmya.purushothaman@gmail.com, Shiva 
Emami1, shemami@ucdavis.edu, Derrick Chang1, 
dyhchang@ucdavis.edu, Atul N. Parikh2, anparikh@ucdavis.edu. (1) 
Biomedical Engineering, UC Davis, Davis, California, United States (2) 
Biomedical Eng/Chem. Eng. Mater. Sci., University of California, Davis, Davis, 
California, United States (3) Material Science and Engineering, Nanyang 
Technological Univeristy, Singapore, Singapore 

Biological membranes constantly impart osmotic gradients acoss the two 
compartments separated by it. These osmotic gradients have played a crutial 
role in shaping the evolution of cells through compartmentalisaion, exchange 
of chemicals, power chemical reactions, crowding of ions and movement of 
cells. One of the interesting effects of osmotic gradients is the generation of 
flow due to the difference on the concentration at the two compartments. This 
flow, called the Osmopheretic flow is increasingly being investigated to obtain 
insights into their role in cellular growth, movement and generating shapes of 
compartments. Coupled Osmotic and flow properties are highly dynamic non-
equilibrium processes and the understanding of the behaviour of membranous 
compartments called vesicles will give valuable insights into their origins, 
cause and finally role in generating shapes, growth and movement of cells. 
Here, we use giant unilamellar vesicles as a model system to investigate the 
role of osmopheresis in dictating movement and shapes of vesicles under 
non-equilibrium conditions. Our experiments indicate the strong dependence 
of the osmotic pressure in dictating the final shape and velocity of the vesicles 
in a direction opposite to the highest gradient depicting osmotic motor like 
properties. This observation gives direct evidence of the role of osmopheresis 
in the growth of the tip of cells such as pollen cells, fungal hyphae, algal 
rhizoids, root hairs where the osmotic gradient regulates the growth and rapid 
elongation. Our experimental setup is currently being extended to explore 
other signifant roles of osmopheresis in events such as vesicular trafficking. 
Finally a brief theortical model supporting the behaviour of vesicles under 
coupled non-equilibrium osmotic flow conditions are presented. 

COLL 639 

Chemoselective construction of biomimetic membranes 

Roberto J. Brea Fernández, rbreafernandez@ucsd.edu, Neal K. 
Devaraj. Chemistry and Biochemistry, University of California, San Diego, La 
Jolla, California, United States 



The assembly of biomimetic membranes provides a novel strategy to 
reconstruct life's functions and shed light on how life emerged on Earth and 
possibly elsewhere. A major challenge to the development of synthetic 
membranes is the establishment of simple methodologies to mimic native 
membrane generation. Here we describe the use of chemoselective 
approaches to spontaneously generate and remodel phospholipid membranes 
from water-soluble precursors. Moreover, the orthogonality, the high reaction 
rate, and the biocompatibility of these approaches are key features that make 
them a powerful tool for the efficient encapsulation or relevant biomolecules. 
Additionally, we explore the suitability of such methodologies for driving the in 
situ reconstitution of membrane proteins, with retention of functionality. These 
studies give us a deeper understanding of the nature of living systems and 
bring new insights into the origin of cellular life. 

 

COLL 640 

Elucidating the fundamental mechanisms of surfactant-membrane 
interactions 

Lara S. Small, larasrsmall@gmail.com, John Churchwell, Elin Eis, Margarita 
Staykova, Colin D. Bain. Durham University, Durham, United Kingdom 

Surfactant-membrane interactions occur in an array of physiological 
processes and everyday life. Studies have been undertaken with various 
surfactants, but due to a lack of fundamental knowledge it is still unclear why 
different destabilisation behaviours are observed.  
 
In this work we use fluorescence microscopy and TIR Raman spectroscopy to 
study the interaction of the anionic surfactant SDS with supported lipid 
bilayers of various lipids, in order to provide insights on the mechanisms of 
surfactant action. The combination of the two surface-sensitive techniques 
allows us to relate the microscopically observed large-scale membrane 



remodelling to the Raman data on the quantity and chemical nature of the 
material present in the membrane over time. For example, we report the 
growth of tubular and spherical protrusions out of the membrane plane, which 
can be explained in terms of the kinetics of surfactant insertion and the 
membrane elasticity. The recovery of the lipid bilayer upon rinsing away of the 
detergent has also been studied. We plan to use our experimental approach 
to explain why certain membrane compositions are resistant to detergents, 
and to extend it to other membrane-active compounds, such as antimicrobial 
peptides. 

COLL 641 

Dynamic profiling of lipid molecules at picosecond time scale 

Dima Bolmatov2, d.bolmatov@gmail.com, Mikhail Zhernenkov1. (1) Photon 
Sciences, Brookhaven National Laboratory, Upton, New York, United States 
(2) Oak Ridge National Lab/University of Tennessee, Knoxville, Tennessee, 
United States 

It has been widely accepted that the thermally excited motions of the 
molecules in a cell membrane is the prerequisite for the cell to carry its 
biological functions. On the other hand, the detailed mapping of the ultrafast 
picosecond single-molecule and the collective lipid dynamics 
in a cell membrane remains rather elusive. We will present a large scale all-
atom molecular dynamics simulations of a 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) bilayer over wide range of temperatures. A 
systematic analysis of the longitudinal and transverse 
current correlation spectra together with the velocity autocorrelation functions 
(VACFs) and molecules mean square displacements (MSDs) will be 
demonstrated. The role of individual lipid molecules and their collective 
dynamic behavior in such biological processes like lipid diffusion, membrane 
permeation, and external molecule binding will be discussed. Furthermore, we 
will introduce an entirely new approach to determining the microscopic lateral 
lipid diffusion. The analytical approach is based on the anomalous ultrafast 
vibrational properties of lipid molecules, which is unequivocally supported via 
molecular dynamics (MD) simulations and correlation functions analysis. 

 



 
 
DPPC bilayer at physiological conditions 

COLL 642 

Polyimide aerogel coatings for carbon nanotube wire insulation 

Haiquan Guo1,3, haiquan_guo@yahoo.com, Oliver Dewey2, Mary Ann 
Meador3, Linda S. McCorkle1,3, Matteo Pasquali2. (1) Ohio Aerospace 
Institute, Cleveland, Ohio, United States (2) Rice University, Houston, Texas, 
United States (3) NASA Glenn Research Center, Cleveland, Ohio, United 
States 

Polyimide aerogels can be used for many aerospace and commercial 
applications because they have high porosity, low density, low thermal 
conductivity, and higher modulus. Properties of polyimide aerogels can be 
tailored depending on the structures of the oligomer backbones. Due to their 
low dielectric constant, flexible polyimide aerogels would be ideal to coat 
carbon nanotube wires and yarns for use as the low dielectric insulation layer 
for lightweight data cables. In this study, cross-linked polyimide aerogels with 
different backbone structures as coating on carbon nanotube wires were 
screened and examined. The effect of the polyimide backbone structure on 
the properties of the aerogel, including density, shrinkage, porosity, surface 
area, and mechanical properties were studied. 
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Scaffolded nanocomposites of aminosilane-stabilized metal-core 
nanoparticles and carbon nanotubes 

Bhanu P. Chauhan1, chauhan.cepm@gmail.com, Isabelle Kang1,2, Kaitlyn 
Yeh1,2, Qiaxian Johnson1. (1) Department of Chemistry, William Patterson 
University, Wayne, New Jersey, United States (2) Tenafly High School, 
Tenafly, New Jersey, United States 

It is well known that carbon nanotubes (CNTs) display a high degree of 
strength and flexibility, large aspect ratio, low mass density, extraordinary 
electrical, optical and thermal properties. The aim of this work is to generate 
hybrid nanocomposites of carbon nanotubes with silicon containing 
functionalities, which can further enhance the stability and thermal properties 
of the tubular structures and lead to nanomaterials, which can find widespread 
utility. In particular, we wish to synthesize noble metal nanoparticles 
conjugated with hydroxyl functionalized multiwalled carbon nanotubes 
(MWCNT-OH) and 50 nm Stöber silica nanoparticles. 
In this talk, we will describe the summary of our efforts in this area of 
research. The first step of this protocol consists of our reported procedure, 
where the synthesis of silver nanoparticles is accomplished in a one-step 
reduction/ complexation process at ambient temperatures using the methoxy 
silane, n-(2-aminoethyl)-3-aminosilanetriol (2-AST). Detailed analysis of these 



materials was accomplished using FT-IR, TEM, Raman, and NMR. The TEM 
provided the clear evidence that the 2-AST silane coats the silver 
nanoparticles. We used these as synthesized silicon stabilized nanoparticles 
and exposed them to sonication with hydroxyl functionalized CNT’s or the 
Stöber silica nanoparticles (50nm size). To our surprise, we were able to 
obtain the funclization of CNT under very mild conditions. We will present, the 
stability and characterization of the grafted products by FT-IR, TEM, Raman, 
and NMR techniques.. In addition, we will present the generalization of this 
synthetic process and reactivity studies of the resulting nanocomposites. 

COLL 644 

Predicting surface area in green synthesis of sol-gel materials 

Brian K. Peterson, petersbk@yahoo.com, Mobae Afeworki, David C. 
Calabro, Quanchang Li, Simon Weston. Corporate Strategic Research, 
ExxonMobil Research & Engineering, Annandale, New Jersey, United States 

We first describe materials made from a precursor, known to produce high 
surface areas when used in templated syntheses, that we have shown also 
produces very high surface areas (> 1200 m2/g) in syntheses which use no 
template and no organic solvents or complex drying steps. This is followed by 
an explanation of this behavior that generalizes to other materials. 
 
In sol-gel routes to porous materials, the precursors are hydrolyzed and then 
condensed to form a 3D polymeric network. During drying, the network 
substantially collapses due to strong capillary forces, unless something is 
done to prop it up. Our hypothesis is that, in the absence of pore-templating 
guest molecules or complex solvent-removal processes, the network must 
reach a critical level of rigidity in order to maintain a porous structure. We 
used rigidity theory to calculate a level of condensation present at the critical 
level. 
 
For such a network to become critically rigid before collapse, it must form 
quickly (kinetics) and be stable (thermodynamics) under the conditions of 
drying. We developed a descriptor, based on Rigidity Theory or Constraint 
Counting (J.C. Maxwell, 1864), for the level of solvent remaining in the gel at 
the rigidity transition. We further hypothesize that the amount of solvent 
remaining when rigidity is reached determines the total porosity as the 
originally solvent-filled volume becomes empty. 
 
We show that the theory successfully distinguishes between precursors that 



exhibit very high levels of porosity and surface area (> 1000 m2/g), those that 
exhibit intermediate levels, and those that substantially collapse (< 50 m2/g). 
The theory is simple to implement for many precursors, and is being used to 
predict new precursors that might make useful materials. 

COLL 645 

3D graphene oxide sol-gel assembly: Effects of ammonia and nanosheet 
morphology on gel properties and their use as structural electrodes for 
energy storage 
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3D graphene oxide (GO) based gels synthesized using sol-gel technique have 
gained remarkable interest because of their ability to retain individual 
nanosheet properties. The high specific surface area and electrical 
conductivity of these 3D gel networks makes them suitable active material for 
electrochemical energy storage applications. However, 3D GO gel’s electrical 
conductivity, surface area and density depend on the crosslink type and 
density. Here we investigate the role of ammonia and precursor nanosheet 
morphology on the crosslink type and density of 3D GO gels. Our results 
indicate that ammonia strongly affects the formation of inter-sheet bridging 
structures as well as the deoxygenation and reduction of nanosheets during 
gelation. Thermal annealing of GO gels result in an increase in their electrical 
conductivity and displacement of nitrogen. We also altered the GO nanosheet 
morphology to obtain crumpled GO (CGO) nanosheets and prepared 3D 
aerogels with mixtures of GO-CGO nanosheet dispersions. The properties of 
these gels demonstrate how the GO morphology can allow for an additional 
handle in creating GO-based gels with tunable density, electrical conductivity, 
and surface area. We investigated the composites of GO gel with aramid 
nanofibers (ANFs) to obtain improved mechanical properties for their 
application as structural supercapacitor electrodes. 



COLL 646 

Thermoresponsive coatings on mesoporous-shelled hollow particles 
serve as gates for controlled release 

Yang Su2, ysu2@tulane.edu, Vijay T. John1. (1) Tulane Dept of Chem Bio 
Engr, New Orleans, Louisiana, United States (2) 300 Lindy Boggs Center, 
Tulane University, New Orleans, Louisiana, United States 

We describe the synthesis, properties and applications of a temperature 
responsive silica-poly (N-isopropyl acrylamide) (PNIPAM) composite 
consisting of mesoporous silica hollow particles and a complete PNIPAM 
coating layer. The particles possess high specific surface areas (1771 m2/g) 
and large interior voids that are accessible to the exterior environment through 
pore channels of the silica shell. They can be fabricated with precision using a 
template driven approach. An alternate aerosol assisted scheme can be used 
for rapid high throughput synthesis. The PNIPAM coating layer provides the 
thermo-responsiveness and acts as a gate to regulate uptake and release. 
We show applicability both to drug uptake and release and the integration of 
these particles into membranes to enable temperature responsiveness in the 
membrane. The use of such particles to stabilize the oil-water interface is also 
discussed. 

 
 
 
 
 



COLL 647 

Hint1 regulated self-assembly of nucleoside phosphoramidate 
functionalized self-assembling peptides 

Harrison West2, westx359@umn.edu, Clifford M. Csizmar3, Carston R. 
Wagner1. (1) 8-174 Weaver-Densford Hall, University Minnesota, Minneapolis, 
Minnesota, United States (2) University of Minnesota, Minneapolis, 
Minnesota, United States (3) Medicinal Chemistry, University of Minnesota, 
Saint Paul, Minnesota, United States 

To generate synthetic self-assembled nanostructures, a wide variety of small 
molecule motifs have been developed that utilize hydrogen bonding, 
electrostatics, and hydrophobic interactions to contribute to the assembly 
process. Growing interest in the regulation of supramolecular assembly has 
produced a variety of responsiveness motifs. The governing effect of these 
motifs is exerted through physical and chemical cues such as ultrasound, 
temperature, pH, reduction and oxidation, and enzymatic responsiveness. 
Enzymes are of interest for the regulation of supramolecular interactions as 
they allow the mimicry of biological systems. They are catalytic in nature, able 
to be regulated by various biomolecules and ligands, and are biocompatible. 
To create a responsive and tunable self-assembly system, we have 
developed Histidine Triad Nucleotide Binding Protein 1 (HINT1) responsive 
nucleoside phosphoramidate pro-gelators (PPGs). HINT1 has been well 
characterized as a nucleoside phosphoramidase and acyl-adenylate 
hydrolase. In this system, HINT1 releases self-assembling peptides from the 
blocking effect of nucleoside phosphoramidate moieties, allowing the peptides 
to assemble into supramolecular nanofibers. In aqueous solution, PPGs have 
been observed to self-assemble into long and continuous nanofibers. In 
response to HINT1 catalytic activity, the nanofibers associate together and 
form hydrogels. Hydrogelation as a result of HINT1 activity was investigated 
with oscillatory rheometry. Small molecule inhibitors and catalytically dead 
HINT1 mutants were investigated in gelation time courses to investigate the 
role of the HINT1 active site and catalytic activity on the regulation of PPG 
assembly. Small molecule inhibitors are shown to reduce HINT1 activity on 
PPG substrates, delaying gelation or ablating gelation all together depending 
on the substrate. Additionally, Hint1 H112N catalytically dead mutant is shown 
to be unable to initiate hydrogelation for any substrate. Our results indicate 
that HINT1 is able to regulate the higher ordered association of self-
assembled nanofibers through its catalytic activity in the hydrolysis of 
phosphoramidate bonds. Our goal is to develop an adaptable system for the 



construction of biologically responsive materials that may be 
assembled in situ in response to HINT1 activity. 

COLL 648 

Using time-resolved small-angle X-ray scattering to study micellar 
nucleation during polymerization-induced self-assembly 

Matthew J. Derry, m.derry@sheffield.ac.uk, Oleksandr Mykhaylyk, Anthony 
Ryan, Steven P. Armes. Department of Chemistry, University of Sheffield, 
Sheffield, United Kingdom 

Polymerization-induced self-assembly (PISA) occurs when using a soluble 
precursor block to polymerize a monomer to produce an insoluble second 
block, thus forming sterically-stabilized diblock copolymer nanoparticles. More 
specifically, reversible addition-fragmentation chain transfer (RAFT) 
dispersion polymerization of (meth)acrylic monomers in a suitable solvent 
enables the in situ synthesis of diblock copolymer spheres, worms or vesicles. 
For a given copolymer, the final morphology is dictated by various 
parameters, including the mean degree of polymerization (DP) of the stabilizer 
block, the target DP for the core-forming block and the copolymer 
concentration. PISA syntheses have been studied using in situ small-angle X-
ray scattering (SAXS), which has provided direct evidence for the evolution in 
copolymer morphology. Remarkably, when targeting poly(stearyl 
methacrylate)-poly(benzyl methacrylate) [PSMA-PBzMA] spheres in mineral 
oil, the nascent particles that are formed during the micellar nucleation event 
are non-spherical (see Figure 1). In the present work, a range of PISA 
formulations have been studied via in situ SAXS to establish whether this 
constitutes universal behaviour for all such syntheses, or only applies to a 
particular sub-set of reaction conditions. 

 



 
 
Figure 1. Three SAXS patterns recorded at various BzMA conversions for the PISA 
synthesis of PSMA31-PBzMA2000 spheres at 90 °C in mineral oil (left), the three 
corresponding pair-distance distribution functions (PDDFs) obtained by indirect 
Fourier transformation of the experimental SAXS patterns (centre) and the ab 
initio low-resolution structures of the scattering objects derived from the SAXS data 
(right). 

COLL 649 

Single reagent synthesis of copper sulfide nanoparticles in water 

Patrick Bergstrom Mann2, k1462095@kcl.ac.uk, Simon Fairclough2, Iain 
McGregor4, Michelle Ma4, Graeme Hogarth5, Maya Thanou6, Nicholas J. 
Long1, Mark Green3. (1) Dept of Chemistry, London, United Kingdom (2) 
Physics, King's College London, London, United Kingdom (3) Kings College 
London, London, United Kingdom (4) Biomedical Engineering Department, 
King's College London, London, United Kingdom (5) Chemistry, King's 
College London, London, United Kingdom (6) Institute of Pharmaceutical 
Sciences, King's College London, London, United Kingdom 

Single-source precursors (SSPs) offer facile routes to colloidal nanocrystals 
(NCs) through simplified procedures with fewer reagents, although often this 
synthetic simplicity comes at the cost of more complicated SSP preparation 
and lower atom efficiency. Common SSPs for the preparation of II-VI and I-III-
VI semiconductor NCs include dithiocarbamate complexes for binary NCs, 



and bimetallic triphenylphosphine complexes for ternary NCs. Improvements 
in atom efficiency whilst retaining the benefit of simplified synthetic procedures 
led to so-called ‘self-capping’ methods, involving the decomposition of an SSP 
in which all or part of the precursor ligand becomes the NC capping agent. 
There are a number of reported self-capping procedures for NC synthesis but 
all are carried out in organic solvents. Here we report the first aqueous, self-
capping synthesis of plasmonic copper sulfide (Cu2-xS) NCs from a water-
soluble SSP for biomedical use. 
 
We propose a mechanism for decomposition (Fig. 1) based upon previous 
work in the group, looking at the decomposition products of a Cd 
dithiocarbamate complex. Here we use a similar water-soluble Cu 
dithiocarbamate complex to synthesise Cu2-xS NCs under mild conditions. 
Characterisation of the resulting materials indicated the presence of 
nanocrystalline CuS particles with the covellite crystal phase (Cu:S ratio of 
1:1), with an average size of 8±1 nm. These NCs, however, existed mostly as 
83±8 nm aggregate structures. Absorption spectroscopy exhibited a broad 
absorption in the near infrared (NIR) (Fig. 1), which is typical of a surface 
plasmon resonance in Cu2-xS NCs. Analysis of the surface ligands using ESI-
MS did not reveal the expected decomposition product, but instead indicated 
the presence of amine fragments and hydrogen sulfate. Further work will look 
at the preparation of discrete NCs with narrower size distribution and the use 
of these plasmonic NCs for imaging and therapy. 

 



 
 
Fig. 1 Clockwise from top: a proposed reaction scheme; TEM images of a single, 8±1 
nm CuS nanocrystal and an aggregate CuS structure with a diameter of 83±8 nm; and 
the absorption spectra aquired during CuS synthesis. 

COLL 650 

Fabrication of highly ordered polymer-grafted nanorod assemblies 

Jason Streit1,2, streitjason@yahoo.com, Kyoungweon Park1,2, Ali Jawaid1,2, 
Richard Vaia1. (1) Air Force Research Laboratory, WPAFB, Ohio, United 
States (2) UES, Inc., Daytyon, Ohio, United States 

Precise, large-scale assembly of polymer-grafted nanoparticles (PGNs) has 
shown great promise for the scalable manufacturing of sensors, energy 
storage devices, and photonic elements. Different than more traditional ligand-
coated nanoparticles, PGNs are stabilized by high molecular weight polymers 
at relatively low grafting densities. In this regard, PGNs behave as soft 
colloids, exhibiting characteristics of both a hard sphere and a soft polymer 
depending on the architecture of the polymer canopy and deformation rate. 
Our previous reports demonstrated that large scale, highly ordered monolayer 
films of gold-polystyrene (PS) nanospheres can be fabricated from PGN inks 
within a few seconds on surfaces with high interfacial energy using simple 
flow-coating. Herein, we extend this technique to the fabrication of mono and 



bilayer films of gold-PS nanorods, which unlike spheres requires both 
positional and orientational ordering. Using a combination of atomic force 
microscopy, scanning electron microscopy, and grazing incidence X-ray 
scattering, we find that the transition from isotropic to higher-degree order 
within the polymer-grafted nanorod assemblies depends on coupling between 
particle aspect ratio, polymer canopy, surface energy, and in-plane shear. By 
gaining an in depth understanding into the assembly of both spheres and rods 
separately, insights are gained into the processing of multicomponent 
assemblies such as sphere-rod combinations. 

COLL 651 

Synthesis of stimuli responsive gold nanoclusters via genetically 
encoded polymers 

Yuxiang Chen1, yuxiangc@andrew.cmu.edu, Anil Desireddy1, Saumen 
Chakraborty1, Eva Rose Balog1, Reginaldo C. Rocha3, Jennifer S. 
Martinez2. (1) Los Alamos National Laboratory, Los Alamos, New Mexico, 
United States (2) Los Alamos Natl Lab, Los Alamos, New Mexico, United 
States 

Recently, ultrasmall ligand-protected metal nanoclusters have gained much 
attention due to their potential applications in biology and medicine. Synthesis 
of metal nanoclusters with stimuli responsive properties will be highly 
desirable towards these applications. Herein, we report the synthesis of a 
monodispersed, thermal responsive gold nanocluster templated by genetically 
encoded elastin like polymer (ELP). ELP is a peptide polymer consisting of 
repeating units of a specific amino acids sequence, i.e. (VPGXG)n, where X 
can be any amino acid besides Proline and n is the number of repeating units. 
In this presentation, I will discuss the direct synthesis of the thermal 
responsive gold nanoclusters with tailor made ELP. These gold nanoclusters 
are thoroughly characterized by optical spectroscopy, mass spectrometry, 
electron microscopy, and X-ray photoelectron spectroscopy. Their thermal 
responsive properties are measured by dynamic light scattering under 
different temperatures. Interestingly, we find that the ELP-protected gold 
nanoclusters exhibit considerably lower transition temperature than the free 
ELP, which makes them a promising probe for biomedical applications. 

COLL 652 

Graphene based photonic crystals 



Alan Dalton, a.b.dalton@sussex.ac.uk. Physics and Astronomy, University of 
Sussex, Brighton, United Kingdom 

High quality opal-like photonic crystals containing graphene were fabricated 
using evaporationdriven self-stratification of soft polymer colloids. A small 
addition of pristine graphene markedly increases iridescence and reduces 
deleterious scattering producing a strong angle-dependent structural colour 
and a stop band that can be reversibly shifted across the visible spectrum. 
The crystals can be easily deformed exhibiting a sensitive mechanochromic 
response making them attractive candidates for a wide range of sensing 
applications including fingerprint analysis. In particular, we show that the 
crystals are excellent candidates for integrated time-temperature indicators 
which act over large temperature windows for application in food security. We 
also present proof-of-concept 3D waveguide structures that enable the 
manipulation of light in a wavelength dependent fashion. Given the versatility 
of these crystals, this method represents a simple, inexpensive and scalable 
approach to produce multifunctional graphene-based synthetic opals and 
opens up exciting applications for novel solution-processable nanomaterial 
based photonics. 

COLL 653 

Development of polyethyleneimine conjugated gold nanoparticles for 
bio-medical applications: A systematic investigation toward an effective 
and sustainable approach 

Tae Joon Cho, tjcho@nist.gov, Justin M. Gorham, John M. Pettibone, Jingyu 
Liu, Jiaojie Tan, Vincent A. Hackley. Material Measurement Laboratory, NIST, 
Gaithersburg, Maryland, United States 

After testing many published methods to synthesize polyethyleneimine 
conjugated gold nanoparticles (Au-PEIs), and finding poor reproducibility or 
limited acceptable material properties that were unfit for biomedical 
applications; thus, we initiated an investigation to better understand the 
controlling factors to develop a robust methodology to reproducibly synthesize 
Au-PEIs with desired properties. Specifically, we report the systematic 
investigation of a reduction method, which included multi-parametric analysis 
of critical quality factors, elucidate the optimal conditions to produce stable, 
high quality (narrow and monomodal size distribution) Au-PEIs. End products 
obtained by the optimized condition exhibited high reduction yield of AuIII to 
Au0, narrow size distributions with appropriate size-associated surface 
plasmon resonance band, shape uniformity, high positive surface charge and 



functionality, and good colloidal stability. Synthesized materials were 
characterized using an orthogonal approach that included dynamic light 
scattering, UV-vis absorbance, transmission electron microscopy, single 
particle inductively coupled plasma mass spectrometry, electrospray-
differential mobility analysis, X-ray photoelectron spectroscopy, and 
attenuated total reflectance FT-IR. Most importantly, the targeted product in 
this study demonstrated excellent colloidal stability in a range of aqueous 
environments, particularly in isotonic media, over a wide pH range, and in the 
presence of proteins. The results and stringent testing regimen point toward 
an effective and sustainable approach that can serve as a starting point for 
the development of more complex conjugates for targeted drug delivery, bio-
diagnostics or for investigations of nanoparticle interactions in biological 
systems. 

COLL 654 

Radial dopant placement with angstom-level control for tuning 
plasmonic properties in metal oxide nanocrystals 

Brandon Crockett, bcrocket@uoregon.edu, Adam Jansons, Kristopher M. 
Koskela, Jim E. Hutchison, Darren W. Johnson. University of Oregon, 
Eugene, Oregon, United States 

Plasmonic metal oxide nanocrystals present intriguing material properties that 
have been shown valuable in many applications from sensing, spectroscopy, 
and catalysis. The usefulness of these materials is greatly dependent on 
regulating dopant activation (number of free electrons contributed per dopant 
atom) and mitigating plasmonic damping. Dopant activation and plasmonic 
damping are highly dependent on the synthetic pathway for nanocrystal 
formation, and simultaneously increasing dopant activation while reducing 
damping has been shown to be synthetically challenging. Here we show that 
angstrom-level control over radial distribution of dopants within an oxide 
nanocrystal can allow chemists to simultaneously reduce plasmonic damping 
and increase dopant activation. Through a multi-stage living growth synthesis, 
and using Sn-doped In2O3 (ITO) as a model system, well-defined core/shell 
doped/undoped nanocrystals can readily be synthesized. Through careful 
core/shell dimensional control we illustrate that: 1) doped/undoped core/shell 
nanocrystals structures can be tailor synthesized controllably without 
intermittent purification, 2) oxide nanocrystal surfaces contain inactive dopants 
that can be readily activated upon undoped shell growth, and 3) radial dopant 
distribution is a new strategy for sculpting plasmonic spectra that will be 
applicable in all plasmonic oxide systems. The synthetic approach presented 



in this work allows for angstrom-level precision for atomic placement within a 
nanocrystal and highlights new opportunities is designing plasmonic 
properties. These results are applicable to a wide range of nanomaterials and 
will aid in the fundamental understating of dopant-induced plasmonic 
properties. 

 

COLL 655 

Switchable surfactants for the preparation of monodisperse, sinter-
resistant supported nanoparticles 

Kristin Bryant, kristin.bryant@wsu.edu. Chemical Engineering, Washington 
State University, Pullman, Washington, United States 

Traditional synthetic methods of preparing monodisperse, supported 
nanoparticles remain problematic. Classical methods typically require organic 
surfactants to passivate the nanoparticle surface to limit undesired size 
changes. Calcination is generally required following the deposition of the 
nanoparticles on to a support material to remove the surfactant and activate 
the catalyst. Exposure to high temperatures during calcination results in 
significant and unpredictable growth of the nanoparticles, undoing the 
monodispersity achieved during synthesis. The undesired growth of the 
nanoparticles decreases the total surface area available for catalysis 
ultimately reducing the activity of the catalyst. In this work, we present the use 
of switchable surfactants (SwiS) for the preparation of monodisperse, sinter-
resistant, supported nanoparticle catalysts. SwiS are molecules that undergo 
reversible, physical changes in response to an external stimulus. The SwiS 
can be “turned-on” to template nanoparticles during synthesis and then 



“turned-off” to release the nanoparticles. The templating synthesis via a 
hypothesized reverse-micelle formation allows for the production of 
monodisperse nanoparticles. Nanoparticle size has shown to increase as the 
alkyl chain length of the SwiS is increased. The template is disassembled by 
“turning off” the SwiS using gentle heat exposing surface-clean nanoparticles 
for deposition on to a catalyst support. The deposition of bare nanoparticles 
allows for the formation of a highly active catalyst that does not require 
activation via calcination, thus, maintaining monodispersity as shown by 
transmission electron microscopy. Supported gold nanoparticles prepared 
using SwiS are up to 300% more active in the hydrogenation of 4-nitrophenol 
than their traditionally prepared counter-parts and exhibit a significant 
resistance to nanoparticle sintering at high temperatures. 

COLL 656 

Tuning gold nanoparticle assemblies with a family of azobenzene 
peptide conjugates 

Yicheng Zhou2, yiz80@pitt.edu, Andrea Merg2, Nathaniel L. Rosi1. (1) Univ of 
Pittsburgh, Pittsburgh, Pennsylvania, United States (2) Chemistry, University 
of Pittsburgh, Pittsburgh, Pennsylvania, United States 

A family of photoresponsive peptide conjugates have been developted to 
control the reversible assembly of gold nanoparticles. The conjugates were 
designed to have different responses to input of UV radiation. It will be shown 
that resulting nanoparticle assemblies can undergo morphological shifts from 
spheres to 1-D superstructures. The results indicate new methods for 
dynamically controlling nanoparticle assembly via photo stimulus. 

COLL 657 

Photoactivated release from polydopamine nanotubes 

Yuzhe Sun, Edward W. Davis, ewd0001@auburn.edu. Materials 
Engineering, Auburn, Auburn, Alabama, United States 

Chemotherapy and photothermal therapy via nanomaterials are two principle 
approaches for cancer treatment. There has been an increasing interest in the 
combination of these two approaches to achieve a synergetic therapeutic 
effect. One candidate material for this strategy is polydopamine (PDA), which 
has excellent biocompatibility, abundant functional groups for modification to 
allow binding of pharmaceutical molecules or targeting moieties, and a high 



photothermal conversion efficiency for photothermal therapy. Recently, it has 
been reported that rod-shape nanoparticles have longer circulatory lives and 
are more amenable to cellular internalization, suggesting that tubular shaped 
PDA particles would be particularly attractive in cancer therapy. Robust tube-
like PDA nanotubes were synthesized via self-polymerization in Tris-HCl 
buffer. Halloysite, a natural, inexpensive nanotube, was used as sacrificial 
template material. The morphology and structure of synthesized nanotubes 
were determined via transmission electron microscope (TEM) and X-ray 
diffraction (XRD). On XRD pattern, the absence of halloysite peaks and the 
presence of broad PDA peaks after etching, indicate the removal of halloysite 
template and formulation of PDA shell. Drug loading and photo stimulated 
release kinetics were investigated using doxorubicin hydrochloride (DOX) as a 
model compound. Photothermal conversion efficiency was evaluated by 
irradiation at 808 nm, an obvious temperature elevation was observed after 6 
minutes of irradiation. Photo-stimulated release was also investigated in 
various pH conditions at this wavelength. With irradiation of near-infrared 
laser, the release of absorbed DOX was effectively accelerated. 

 



COLL 658 

Supermolecular hydrogel prepared form thymine-containing artificial 
nucleolipid: study of assembly and lyotropic mesophases 

Dawei Zhang, davidrivaldozhang@gmail.com. University of Colorado 
Boulder, Boulder, Colorado, United States 

An artificial nucleolipid containing thymine, triazole-ring, and 
phosphotidylcholine moieties(TTPC) was prepared through copper azide 
alkyne cycloaddition(CuAAC) in aqueous condition, and TTPCs in-situ 
assemble into fiberousaggregation. Our study of the TTPC fiber assembly 
using XRD and NMR reveals that theformation of fiber is driven by the unique 
molecular structure of TTPC. At a critical TTPC-concentration, entanglement 
of fibers results in a supramolecular hydrogel. The elaborated investigation of 
the lyotropic mesophases in TTPC supramolecular hydrogel shows the 
existence of abundant liquid crystalline phases including nematic, 
hexagonal,and lamellar phases, all of which have certain degree of structural 
order and are promising template for constructing functional biomaterials. 

COLL 659 

Self-healing hydrogels: Relation between microscopic dynamics and 
macroscopic viscoelasticity 

Reidar Lund1, reidar.lund@kjemi.uio.no, Lutz Willner2, Thomas Zinn3, Olaf 
Holderer2. (1) University of Oslo, Oslo, Norway (2) Forschungszentrum 
Juelich, Juelich, Germany (3) ESRF, Grenoble, France 

Telechelic polymers, that is, hydrophilic polymers with hydrophobic end-
groups, spontaneously form hydrogels consisting of interconnected micelles. 
Here we investigate the relation between the microscopic dynamics 
determining the connectivity, that is, the lifetime of the physical bonds and the 
resulting rheological properties. This is achieved by quantitatively relating the 
chain exchange kinetics measured by time-resolved small-angle neutron 
scattering (TR-SANS) and the mechanical response obtained from linear 
oscillatory shear measurements. The results show that the characteristic 
relaxation time obtained from rheology coincides exactly with TR-SANS at 
intermediate concentrations. The activation energy, Ea, is concentration- 
independent and remain exactly the same as for TR-SANS. Upon crossing the 
melting point of the micellar n-alkane cores, a discrete change in activation 
energy is observed showing the contribution from the enthalpy of fusion to the 



release/debridging process. Moreover we will show preliminary results from 
neutron spin-echo (NSE) spectroscopy where we have used selective 
deuteration to reveal the dynamics of either, i) the micellar cores or ii), the 
single-chain relaxations within the network. 
The results clearly show that the mechanical response and connectivity 
indeed are controlled by slow diffusional processes leading to debridging 
events. The relaxation time at the lowest concentration is found to be faster in 
rheology as compared to TR-SANS, which can be quantitatively attributed to 
entropic forces arising from conformational deformation of bridging chains. 

COLL 660 

High-speed AFM reveals detail understanding in adsorption of soft 
hydrogel microspheres onto solid substrate in aqueous solution 

Shusuke Matsui1, 16st109c@shinshu-u.ac.jp, Takayuki Uchihashi2, Daisuke 
Suzuki1,3. (1) Graduate School of Textile Science & Technology, Shinshu 
University, Ueda, Japan (2) Department of Physics and Structural Biology 
Research Center, Graduate School of Science, Nagoya University, Nagoya, 
Japan (3) Division of Smart Textiles, Institute for Fiber Engineering, 
Interdisciplinary Cluster for Cutting Edge Research, Shinshu University, Ueda, 
Japan 

Colloidal microspheres which is stably dispersed in aqueous solution can 
contact and adsorb onto a solid surfaces. Understanding such phenomena is 
highly important in an industrial or biological fields. Theoretically, the 
adsorption of colloidal microspheres onto solid surfaces is determined by 
electrostatic and van der Waals interactions. On the other hand, in natural 
systems, colloidal microspheres usually have an elasticity. Due to their 
elasticity, they can deform during contact with the solid surface. However, how 
this elasticity affects the dynamic adsorption behavior of the microspheres 
onto the surface has not yet been addressed, because the dynamic 
adsorption and deformation behaviors of individual microspheres is difficult to 
directly visualize at nanoscale in real-time. In this study, we investigated the 
adsorption behavior of polymeric microspheres, as a model colloid with 
different softness, onto solid substrate in aqueous solution by high-speed 
atomic force microscopy (HS-AFM) which allows the direct visualization of the 
structural dynamics of biological molecules in action. 
Soft poly(N-isopropylacrylamide-co-acrylic acid) microgels (pNA) were 
synthesized by precipitation polymerization. Elastomeric poly(ethyl acrylate) 
(pEA) or rigid poly(methyl methacrylate) (pMMA) and polystyrene (pSt) 
microspheres were synthesized by soap-free emulsion polymerization. The 



real-time adsorption behavior of the microspheres onto positively charged 
mica substrate was observed by HS-AFM (Figure 1(a)). Figure 1(b) shows 
that the adsorption rate and deformation degree of microspheres. The 
adsorption rates in the presence of electrostatic attractions greatly depend on 
the deformability of the microspheres 

 
 
Figure 1. (a) HS-AFM images of the time-dependent adsorption of microgels onto the 
substrates. (b) The adsorption rate and the deformation degree (Dh/h) of the 
microspheres immediately after the adsorption. 

COLL 661 

Effect of surface functional groups on electric stimuli-responsive 
behavior of polyacrylonitrile dispersed colloid 

Taegu Do2,3, poorsky89@hanmail.net, Young Gun Ko1. (1) Nuclear 
Emergency & Environmental Protection Division, Korea Atomic Energy 
Research Institute, Daejeon, Korea (the Republic of) (2) Center for Urban 



Energy Research, Korea Institute of Science and Technology (KIST), Seoul, 
Korea (the Republic of) (3) University of Science and Technology (UST), 
Seoul, Korea (the Republic of) 

The electrorheological (ER) fluids are composed of polarizable particle 
dispersed in insulating fluid. The ER particles and ER fluids are one of the 
smart materials which can switch their shear viscosity under an electric field. 
Thus, the ER fluids have been highlighted in industrial fields such as clutches, 
shock absorbers, damping devices, gripping devices, human muscle 
stimulators, and so on thanks to their controllable viscosity and rapid response 
time. 
In order to use the ER fluids in industrial fields, the ER particles have to meet 
some conditions such as low cost, dispersion stability, high yield stress, high 
shear stress, etc. Nowadays, some materials such as the graphene oxides, 
natural polymers, conductive polymers and dielectric inorganics, have been 
researched to meet the conditions. However, the estimation of the ER 
behavior prior to actual use is hard. Because, the ER behavior of the ER 
particles is affected by various parameter, such as shape uniformity of the 
particles, size of the particles, functional groups of the particle surface, particle 
concentration in suspension, dipole moment of the particles, chemical reaction 
between the particles, operation temperature of the ER fluid, etc. 
In this work, we have studied the interrelation between functional groups and 
the ER behavior to offer the effective strategy for estimation the ER behaviors 
before actual use. We used the polyacrylonitrile (PAN) spherical homopolymer 
particle as a base material, because the PAN has nitrile groups only, which 
can be easily substituted to other functional groups by chemical reaction. 
Aminated PAN and Sulfonated PAN particles were prepared to determine the 
amine and sulfonate group-induced ER behavior, and other parameters such 
as concentration, shape, size, operation temperature were controlled. 
As a result, we can know that the ER behavior of ER fluid can be controlled by 
substitution of functional group of the ER particles, and the sulfonate group is 
a better functional group than amine group to improve the ER effect. 

 



 

COLL 662 

Gelation studies and thixotropic properties of molecular gels based on 
ammonium alkanoates as low molecular mass gelators 

Ajay V. Mallia, amallia@ggc.edu, Brian Matei, Farisha Sultan. School of 
Science and Technology, Georgia Gwinnett College, Lawrenceville, Georgia, 
United States 

We report the properties of molecular gels comprised of ammonium 
alkanoates as low molecular mass gelators (carbon chain length n = 12, 14, 
16 and 18). Polarizing microscopic studies show that the self-assembled 
fibrillar networks of the gels consist of spherulitic objects. Rheological 
measurements of 5 wt % ammonium alkanoates in toluene gels will be 
presented. Some of the gels were thixotropic and exhibited fast recovery 
times after being destroyed by high shear. Correlations between the molecular 
structures of the low molecular mass gelators and the properties of their gels, 
including critical gelator concentrations and gel melting temperatures will be 
presented. 

  



COLL 663 

Advances in stimuli-responsive properties of functional microbial 
glycolipids 

Niki Baccile, niki.baccile@upmc.fr. Chimie de la Matière Condensée de 
Paris, CNRS-Sorbonne Université, Paris, France 

Stimuli-responsive self-assembly is an active field of research in soft matter 
due to the broad number of potential applications. Block copolymers and lipids 
are commonly designed to tune their self-assembly properties in solution as a 
function of temperature, pH and ionic force, etc... Typical self-assembled 
structures range from simple spherical to branched micelles, disks, vesicles, 
sheets, fibers, etc..., and where the morphological relationship between them 
is generally considered to rely on the molecular structure. 
Here we address our interest to the self-assembly properties of microbial 
glycolipids biosurfactants, produced both yeasts from vegetable oils and 
sugar. All compounds contain a free-standing COOH group, thus making them 
pH-responsive molecules. (Figure 1) The good biodegradability of microbial 
glycolipids start to attract much attention both by academia and industry. This 
contribution aims at shedding some light on their complex self-assembly 
properties. They form micelles at basic pH but below pH 7 thy assemble into 
different structures: micelles and twisted ribbons are respectively observed for 
monounsaturated and saturated sophorolipids (glucose beta1,2 disaccharide 
as hydrophilic headgroup) while vesicles and infinite sheets are respectively 
observed for monounsaturated and saturated glucolipids. The combined use 
of cryo-TEM and pH-resolved in-situ SAXS show the initial and final self-
assembled morphologies, but also the intermediate structures. Sugar 
headgroup, COOH/COO- ratio and melting temperature are shown to strongly 
impact the final morphology. 

 
 



 
 
Chemical structures of microbial glycolipids and their typical self-assembled 
morphologies as observed by cryo-TEM and analyzed by pH-resolved in-situ SAXS 

COLL 664 

Solid-shelled microemulsion with capabilities of confinement-induced 
release for improving permeability of reservoirs 

Li Hao1, haoli20@tju.edu.cn, Luhong Zhang1, Mustafa Akbulut2. (1) Tianjin 
University, Tianjin , China (2) Texas A&M University, College Station, Texas, 
United States 

Low permeability is one of major challenges associated with ineffective 
recovery of hydrocarbon from reservoirs. Here, we describe a novel approach 
to selectively removing pore blockages by asphaltenebased particles and 
grains, thereby improving the permeability of hydrocarbon reservoirs. This 
approach relies on the size-selective breakage and release of a solvent in 
confining regions of porous media. Such microspheres were prepared by the 
encapsulation of toluene emulsion droplets with silica-based solid shells. 
Dynamic light scattering (DLS), ultraviolet–visible (UV–vis) spectroscopy, zeta 



potential and optical microscopy techniques and scanning electron 
microscopy (SEM) technique were used to investigate their structural 
characteristics and stability and release behavior. The microspheres were 
found to be uniform in size (1–3mm) and had a smooth surface with a shell 
thickness of 100–150 nm that can be ruptured under external hydrodynamics 
forces in narrow channels. Sand column tests revealed that when a limited 
amount of solvent was used, solvent-loaded microspheres could double the 
recovery of heavy 
oil, compared to the same amount of free solvent, in a model reservoir. The 
enhancement in the recovery was mostly attributed to the avoidance of 
random and uniform distribution of the solvent in the porous media and the 
selective localization of the solvent at confined regions. Such breakable 
microspheres can provide an effective approach to eliminate asphaltene-
based pore blockages hindering hydrocarbon recovery. 

COLL 665 

In situ monitoring of the reactive crystallization of calcium carbonate in 
multiphase systems 

Thokozile A. Kathyola1, pm13tak@leeds.ac.uk, Sin-Yuen Chang2, Elizabeth 
A. Willneff1,3, Colin Willis4, Giannatonio Cibin2, Paul Wilson4, Anna Kroner2, 
Elizabeth J. Shotton2, Peter J. Dowding4, Sven L M Schroeder1,2. (1) School of 
Chemical and Process Engineering, University of Leeds, Leeds, West 
Yorkshire, United Kingdom (2) Diamond Light Source, Didcot, Oxfordshire, 
United Kingdom (3) School of Design, University of Leeds, Leeds, West 
Yorkshire, United Kingdom (4) Infineum, Didcot, Oxfordshire, United Kingdom 

Calcium carbonate (CaCO3) is used in a wide range of industrial products 
ranging from pharmaceuticals to personal products and lubricants. There is 
increasing research interest in elucidating the mechanism of formation and 
structure of functional colloidal surfactant-stabilised CaCO3 particles in the 
nanometre size range. This study combines several analytical techniques, 
including X-ray absorption spectroscopy (XAS) and mid-infrared (MIR) 
spectroscopy, to determine time-resolved changes/transformations that occur 
during synthesis. A novel continuous flow liquid-jet PAT system for 
simultaneous in situ XAS and MIR has been developed. One of the main foci 
of this study is solvent-mediated effects on the polymorphic form of CaCO3. 
Our results show varying polymorphic transformations based on changes in 
the composition of aqueous and non-aqueous phases. 

  



COLL 666 

Composition controllable synthesis of PtCu nanodendrites with efficient 
electrocatalytic activity for methanol oxidation induced by high index 
surface and electronic interaction 

Linfang Lu, 330445371@qq.com. Chemistry, Zhejiang University, Hangzhou, 
China 

Metal nanodendritic structures have attracted a lot of attention because of 
their high activity toward catalytic reactions. Herein, we present a facile 
method for the one-pot synthesis of highly branched PtCu alloy 
nanodendrites. The composition of the PtCu nanodendrites can be easily 
tuned by changing the molar ratio of the precursors. The PtCu nanodendrites 
exhibit efficient catalytic activity toward the methanol oxidation reaction 
(MOR). Particularly, the Pt1Cu1 nanodendrites exert 4.6× increase in the 
specific activity and 3.8× increase in the mass activity compared to the 
commercial Pt/C catalyst. The mechanism of the enhancement was 
comprehensively studied. The enhanced catalytic activities can be ascribed to 
the high index surface of the branched structure and the electronic effect 
between the alloy metals. Specifically, the addition of Cu downshifts the 
binding energy of Pt, increasing the CO-tolerance ability of PtCu 
nanodendrites and, hence, improves their MOR activities. Moreover, the PtCu 
nanodendrites display better stability and durability for MOR compared to 
Pt/C. The approach can be adapted to synthesize desired Pt-based 
nanodendrites for various catalytic reactions. 

 
 
(a) HRTEM image of Pt1Cu1 nanodendrites, which shows the high-index surface. (b) 
The relationship between peak potential of CO stripping and the binding energy of 



Pt0 4f7/2 of different samples, which indicates the electronic interaction between Cu 
and Pt. (c) TEM image of as-synthesized PtCu nanodendrites. (d) The comparison of 
the specific activity and mass activity of PtCu samples with different compositions. 

COLL 667 

Strong sensitized phosporescence in Mn-doped CsPbBr3 perovskite 
nanocrystals 

David Parobek, dgp8@tamu.edu, Dong Hee Son. Chemistry, Texas A&M 
University, College Station, Texas, United States 

Colloidal cesium lead halide (CsPbX3) perovskite nanocrystals (NCs) have 
gathered great attention recently from their facile band gap tunability 
throughout the visible spectrum and emission quantum yields reaching near 
unity values. The interest in B-site interstitial doping of lead with other less 
toxic divalent metal ions has led to multiple methods towards its replacement 
through cation exchange or hot injection doping. Currently, doping methods 
involving Mn2+, that is optically active, are only available for 
CsPbCl3 perovskite NCs, not yet being realized in CsPbBr3. Here, we report 
the solution phase synthesis of Mn-doped CsPbBr3 perovskite NCs, showing 
strong sensitized Mn2+ photoluminescence. The synthetic method utilizes 
hydrobromic acid (HBr), dissolving the manganese salts, resulting in 
Mn2+ doped CsPbBr3 nanocrystals. The intensity and lifetime of the 
Mn2+ emission increases with the increasing concentration of HBr, possibly 
from the increased amount of Mn2+ migrating into the lattice. This is further 
supported by the strong blue shift in the absorption spectrum from the 
contraction in the Pb-Br bond length due to the presence of Mn2+. The 
synthesis of Mn-doped CsPbBr3 nanoplatelets was also realized showing 
almost complete exciton quenching from the increased exciton-dopant wave 
function overlap seen in confined nanoplatelets. This work provides a method 
towards effectively doping CsPbBr3 with Mn2+ further pushing its optical and 
magnetic properties. 

COLL 668 

Self-assembly of DNA-coated patchy particles from colloidal fusion 

Mingxin He1, mh3384@nyu.edu, Zhe Gong2, Stefano Sacanna2, David 
Pine1,3. (1) Chemical and Biomolecular Engineering, New York University, 
Brooklyn, New York, United States (2) Chemistry, New York University, New 



York, New York, United States (3) Physics, New York University, New York, 
New York, United States 

In the past decade, self-assembly of colloidal particles have been extensively 
studied because of their wide applications in photonic materials, biomedical 
sensors, templates for inverse opal and scaffolds for catalysts. In addition, 
colloidal systems are considered to be a useful tool to study phase behavior of 
atoms or molecules due to their slow dynamics, their visibility under optical 
microscope, and most importantly their similarities to molecular counterparts. 
In particular, anisotropic colloidal patchy particles are of great interest, since 
they could lead to controllable and directional bindings. However, the 
fabrication of these particles is still challenging, especially in making particles 
with small patches that only allow single inter-particle interaction. Most of the 
conventional approaches, typically involving encapsulation of a new type of 
material onto existing colloidal clusters, are time consuming and produce a 
mixture of patchy particles with different coordination numbers, which requires 
further purifications and separations. 
 
Here, we report the synthesis of DNA-coated patchy particles from colloidal 
fusion, which simplifies the fabrication and separation process while 
increasing the yield of patchy particles. The synthesis starts from the 
coordination and deformation of binary colloidal building blocks, developed by 
Gong, Hueckel and Sacanna. Samples are purified by centrifugation in an 
intermediate density medium. We show that curvature of the patch and the 
surface quality of the matrix can be adjusted by varying different synthesis 
conditions. In addition, upon successful funtionalization with DNA, we show 
that the size of the patches is small enough so that only one inter-particle 
specific bond is allowed. The DNA coated patchy particles from colloidal 
fusion are good candidates for making low density colloidal gels and mapping 
out the phase diagram of tetrahedral network colloidal systems, which could 
shed some light on the study toward the phase behavior of water molecules. 

COLL 669 

Silica hallow particles prepared by encapsulation of water droplets with 
perhydropolysilazane in hydrophobic solvents 

Kaoru Kuramochi1, Hana Kiyosawa1, Reiko Saito1,2, 
rsaito@polymer.titech.ac.jp. (1) Department of Chemical Science and 
Engineering, Tokyo Institute of Technology, Tokyo Meguro, Tokyo, Japan (2) 
Academy for Co-creative Education of Environment and Energy Science, 
Tokyo Institute of Technology, Tokyo Meguro, Tokyo, Japan 



Encapsulation of NiCl2 aqueous droplets in water/oil emulsions was 
conducted with perhydropolysilazane (PHPS), which is a preceramic material 
for dense silica. Ultra-sonication and SPG methods were chosen for 
preparation of emulsions. The droplet size of aqueous before and after the 
encapsulation was measured by dynamic light scattering, and the shape and 
size of products were observed by transmission electron microscopy. Batyl 
alcohol and Span 80 were used for surfactants. True spherical silica particles 
and hollow silica particles (Figure) were obtained by encapsulation. It was 
found that not the type of surfactant but the size of the droplet was the most 
important factor to determine the architecture of particles. The true spherical 
silica particles were obtained from the water droplets with less than 20 nm in 
diameter, and the hollow particles were formed from the droplets with larger 
than 25 nm in diameter. The shell thickness of hollow particles was varied with 
PHPS amount in feed. The emulsion formed by the SPG method provided the 
large hollow particles with a few micrometers in diameter. Interestingly, 
relatively small hollow silica particles with ca. 30 - 40 nm in diameter were 
also obtained. The silica shell of hollow particle was a permselective 
membrane with a good permeability to water and none for nickel and chloride 
ions. 

 
 
Hollow silica particles prepared with PHPS 
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Strong exciton-plasmon coupling in silver nanowire nanocavities 

Gary Beane, gbeane@nd.edu, Brendan Brown, Paul Johns, Tuphan Devkota, 
Gregory V. Hartland. Department of Chemistry and Biochemistry, University of 
Notre Dame, Notre Dame, Indiana, United States 

The interaction between plasmonic and excitonic systems and the formation 
of hybridized states is an area of intense interest, due to the potential to 
create exotic light-matter states. We report herein coupling between the leaky 
surface plasmon polariton (SPP) modes of single Ag nanowires and the 
cyanine dye (TDBC) in an open nanocavity. In our experiments, Ag nanowires 
were spin-cast onto coverslips, and the wavevector of the leaky SPP mode 
was measured by back focal plane (BFP) microscopy. Performing these 
measurements at different frequencies produces a dispersion curve for the 
nanowires. The dispersion curves show a clear avoided crossing when a 
concentrated TDBC-PVA film is deposited on top of the nanowires. The Rabi 
splitting energies (Ω) are different for the different nanowires. The maximum 
splitting is in good agreement with finite element simulations that model the 
system using optical constants for the dye layer measured by ellipsometry. 

COLL 671 

Hierarchical assembly of supramolecular G-quadruplexes via enzyme 
instructed self-assembly 

Luis A. Prieto-Costas2, luis.a.prieto.costas@gmail.com, Jose Rivera2, 
Nathan Lui1. (1) Chemistry, New York University Abu Dhabi, Abu Dhabi, Abu 
Dhabi, United Arab Emirates (2) Chemistry, University of Puerto Rico, 
Guaynabo, Puerto Rico, United States 

The development of advanced supramolecular devices requires a precise 
control over their structure and dynamics. This responsive behavior can be 
achieved by modulating the interactions of amphiphilic systems with the 
surrounding water molecules where an increased hydrophobicity enhances 
the propensity for self-assembly. This can be achieved via enzymatic 
transformations (known as enzymatic instructed self-assembly, EISA), and the 
strategy has successfully been applied to amphiphilic peptides, 
carbohydrates, and synthetic polymers. To the best of our knowledge, 
however, there has been no reports of using EISA to promote the self-
assembly of precise non-polymeric supramolecules. We will present the 



application of EISA to promote the self-assembly of supramolecular G-
quadruplexes (SGQs), made from guanosine (G) derivatives, into colloidal 
particles termed supramolecular hacky sacks (SHS). These SGQs are 
assembled from a phosphorylated G-derivative (1) synthesized through an 
aldol condensation with 4-hydroxybenzaldehyde phosphate using DIMCARB 
(24% yield). Hexadecameric (made from 16 subunits) SGQs of 1 (5 mM) are 
detected using water suppression 1H NMR (90% CIP Buffer/10% D2O with 20 
mM KI). Upon addition of alkaline phosphatase (160 nM) the solution turns 
cloudy within 30 minutes. Dynamic light scattering and microscopy (i.e., SEM, 
CLSM) confirmed the formation of SHS colloidal particles with average 
diameters of ~5 μm. We expect this strategy to open the door for the 
enzymatically triggered formation of SHS in cells, which in turn could lead to 
their use as artificial organelles with therapeutic potential. 

COLL 672 

Coupling competitive surface interactions: A synthetic route to 
enhanced grain boundaries at the exterior of multiply twinned palladium 
nanoparticles 

Melissa E. King, meking@wesleyan.edu, Michelle L. Personick. Chemistry, 
Wesleyan University, Manchester, Connecticut, United States 

The incorporation of grain boundaries when designing catalytic materials 
provides a readily accessible means of increasing surface defects. These 
defect sites contain high-energy atoms that are undercoordinated leading to 
an overall increase in the catalytic activity of metal nanoparticles. Herein we 
define a method that intentionally increases the number of grain boundaries at 
the surface of well-defined, symmetric palladium nanoparticles. Careful 
manipulation of the competitive interactions between chloride ions and 
bromide ions at the surface of palladium nanoparticles encourages outward 
growth of fin-like structures at the twin boundaries extending the surface of 
these strained sites while concurrently inducing uniform corrugation at the 
particle surface significantly increasing the number of undercoordinated 
atoms. The observed corrugation can be attributed to surface passivation by 
bromide ions and etching by chloride ions in the presence of dilute 
concentrations of surfactant molecules. The aforementioned twinned defects 
and emergence of grain boundaries result from slow reaction kinetics and 
selective surface passivation respectively. Notably, competitive surface 
interactions leading to controlled deposition and etching events as well as 
kinetic control of internal defect structure are applicable to other metal 



systems providing a potential avenue for the enhancement of diverse 
catalytically significant metals through increased density of surface defects. 

COLL 673 

Pamitoyl-co-enzyme-A colloidal nanoparticles for transcriptional chemo-
biologics therapy 

Santosh K. Misra, santoshchem59@yahoo.com. Bioengineering, University 
of Illinois at Urbana Champaign, Urbana, Illinois, United States 

The potential of gene therapy can be fully realized by successful synthesis of 
a smart cargo and co-delivery of inhibitory drugs. But use of cationic 
molecules for loading of oligo and polynucleotides and pre-mature leaching of 
small molecule drugs makes then unlikely to be successful. We have 
synthesized and biologically evaluated siNozyme-Am colloidal nanoparticles 
encompassing c-Myc antisense siRNA along with topo-II small molecule 
inhibitor, amonafide for therapy against human melanoma (Figure 1). As 
synthesized siNozymes nanoparticles were found to be stable spheroids with 
lamellar packing of loaded antisense oligonucleotide with small molecule drug. 
Markedly a higher cell population showed FITC tagged siRNA internalization 
for FITC-siNozyme treatment within 1h of incubation and showed >75% 
growth inhibition even at smaller time point of ~24h post transfection and 
found to be significantly better than one of the commercial siRNA delivery 
agent used here. The co-loaded siNozyme particles with amonafide and 
siRNA were able to reduce the cell growth by ~90% even at 24h time point 
with non-significant improvement in cell growth even at higher time points of 
48 and 72h. The basic achievement of this platform was to avoid coulombic 
interactions between siRNA and carrier assembly, use of a biomolecule Co-A 
derivative for making the nanoassembly and co-incorporation of small 
molecule drug of same working pathway to induce the effect. Because of its 
nanoparticle nature, siNozyme-Am assembly is expected to follow enhanced 
permeability and retention (EPR) path to enrich tumor in vivo. In future active 
targeting modalities can be added to this assembly. This unique combinatorial 
strategy through a cellular-friendly ‘nuclein’ type nano-assembly may provide 
a way ahead to the anti-sense therapy projects. 
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Rapid fabrication of hollow α-Fe2O3 particles with applications to 
enhanced photo-Fenton reactions 

Yueheng Zhang3, yzhang14@tulane.edu, Yang Su2, Jibao He4, Gary 
McPherson5, Vijay T. John1. (1) Tulane Dept of Chem Bio Engr, New Orleans, 
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Louisiana, United States (5) Department of Chemistry, Tulane University, New 
Orleans, Louisiana, United States 

Iron oxide materials are widely used in the field of water splitting, energy 
storage, gas sensors, catalysis, water treatment. α-Fe2O3 particles with hollow 
and yolk-shell (X@Fe2O3) morphologies are fabricated through the synthesis 
in the confined environment of aerosol droplets. The process exploits the 
competitive carbonization of sucrose and the recrystallization of iron salts 
concurrently occurring in the droplet, to control the initial placement of iron 
species either on the external surface or in the interior of the carbon particles. 
Upon calcination, the iron salts fuse and are oxidized to α-Fe2O3 forming a 
robust shell. A partial burnoff of the carbon during calcination leads to the 
formation of microspheres with a core of carbon while complete burnoff leads 



to hollow α-Fe2O3 particles. Integration of colloidal ceramic nanoparticles in 
the precursor solution results in the inclusion of clusters of such nanoparticles 
in the hollow shell as a core. The flexibility of synthesis of either hollow or 
yolk-shell particles makes the process amenable to the rapid fabrication of 
functional materials. The α-Fe2O3 particles show significant improvement in 
photo-Fenton reactivity towards the degradation of methylene blue, in 
comparison to commercially available materials. 

 

COLL 675 

Understanding protein uptake properties of ionically crosslinked micro- 
and nanogels 

Yuhang Cai, Yakov Lapitsky, yakov.lapitsky@utoledo.edu. Chemical 
Engineering, University of Toledo, Toledo, Ohio, United States 

Over the past two decades, ionotropic gelation has been widely utilized in 
preparing submicron carriers for macromolecular drugs and vaccines. Yet, 
procedures for loading these particles with drugs have been largely developed 
by trial and error; with little mechanistic understanding of the experimental 
observations on how drug association efficiency (AE), which is the percentage 
of the added drug that is loaded into the particles, varies with different 
formulation parameters. To this end, we have systematically analyzed protein 
uptake into micro- and nanogels prepared by crosslinking chitosan with 
tripolyphosphate (TPP). Specifically, we hypothesized that many of the poorly 
understood and occasionally conflicting literature findings (on how AE varies 
with the protein, chitosan and TPP concentrations) might simply reflect 
variability in the (largely ignored) particle yield – i.e., the fraction of chitosan 
chains that aggregates into micro- and nanogel particles (XAgg). Combined 
analysis of AE and XAgg revealed that, for chitosan-binding proteins, AE scales 
roughly linearly with XAgg and that data obtained at variable TPP and protein 



concentrations collapses onto a single AE vs. XAgg curve. This scaling 
between AE and XAgg reflects: (1) an increase in the available protein binding 
sites within the micro- and nanogels; and (2) a reduction in dissolved (non-
particulate) chitosan remaining in solution, which forms soluble 
protein/chitosan complexes and, through this competitive association, limits 
protein uptake into the micro- and nanogels. For proteins that exhibit 
significant affinity for chitosan (e.g., anionic proteins), this XAgg effect 
on AE can considerably outweigh that of adjusting the protein/particle binding 
strength. Overall, these findings: (1) show that optimizing AE requires XAgg to 
be maximized; (2) explain many literature trends in AE; and (3) likely also 
apply to other types of ionically crosslinked colloidal drug carriers (e.g., those 
formed through the ionotropic gelation of alginate). 

COLL 676 

Antibacterial and antibiofilm layer-by-layer decorated nanoparticles 

Aleksandra Ivanova1, aleksandra.asenova@upc.edu, Kristina Ivanova1, 
Javier Hoyo1, Thomas J. Heinze2, Tzanko Tzanov1. (1) Chemical engineering, 
Universitat Politècnica de Catalunya, Terrassa, Spain (2) Friedrich Schiller 
University of Jena, Jena, Germany 

Bacteria-mediated diseases are a global healthcare concern due to the 
development and spread of antibiotic resistant strains. Cationic compounds 
are considered membrane active biocidal agents having a great potential to 
control bacterial infections, while limiting the emergence of drug resistance. 
Herein, the versatile and simple Layer-by-Layer (LbL) technique was used to 
coat alternating multilayers of an antibacterial aminocellulose conjugate and 
the biocompatible hyaluronic acid on biocompatible polymer nanoparticles 
(NPs), taking advantage of the nano-size of these otherwise biologically inert 
templates. Stable polyelectrolyte-decorated particles with an average size of 
50 nm and zeta potential of + 40.6 mV were developed after five LbL 
assembly cycles. The antibacterial activity of these NPs against the Gram-
positive Staphylococcus aureus and Gram-negative Escherichia 
coli increased significantly when the polycationic aminocellulose was in the 
outermost layer. The large number of amino groups available on the particles 
surface, together with the nano-size of the multilayer conjugates, improved 
their interaction with bacterial membrane phospholipids leading to membrane 
disruption, as confirmed by a Langmuir monolayer model, and the 10 logs 
bacterial reduction. The biopolymer decorated NPs were also able to inhibit 
the biofilm formation of Staphylococcus aureus and Escherichia coli by 99 and 
40 %, respectively, without affecting human cells viability. The use of LbL 



coated NPs appears as a promising antibiotic-free alternative for controlling 
bacterial infections using low amount of antimicrobial agent. 

COLL 677 

Nanoparticle system for pH-triggered aptamer targeting and Pt (II) 
delivery to cancer cells 

Marek T. Wlodarczyk1,2, Sylwia A. Dragulska1, Ying Chen3, Olga Camacho-
Vanegas3, Peter Dottino4, John A. Martignetti3,5, Aneta J. Mieszawska1, 
aneta.mieszawska@brooklyn.cuny.edu. (1) Chemistry, Brooklyn College, 
Brookline, New York, United States (2) Ph.D. Program in Chemistry, The 
Graduate Center of the City University of New York, New York, New York, 
United States (3) Department of Genetics and Genomic Sciences, Icahn 
School of Medicine at Mount Sinai, New York, New York, United States (4) 
Department of Obstetrics, Gynecology, and Reproductive Sciences, Icahn 
School of Medicine at Mount Sinai, New York, New York, United States (5) 
Laboratory for Translational Research, Western Connecticut Health Network, 
Danbury, Connecticut, United States 

Platinum (II) compounds are first-line DNA-damaging chemotherapy agents 
used to treat human malignancies. The effectiveness, and therefore lack or 
loss of effectiveness, of Pt (II) treatment depends upon two major factors: 1) 
cellular accumulation of the drug and 2) cellular recognition of platinum-
induced damage leading to cell apoptosis. The high aquation rate of Pt (II) 
leads to high systemic toxicity and reduced dosing whereas cisplatin 
interaction with plasma proteins decreases effective drug concentration. 
These dual factors contribute to subtherapeutic drug concentrations with 
concomitant activation of DNA repair pathways and the growth of resistant 
tumor cells. Our work comprises the synthesis of lipid/polymer nanoparticles 
encapsulating Pt (II) therapy from Pt (II) modified poly(lactic-co-glycolic) acid 
polymer (PLGA-Pt NPs). The drug payload within PLGA-Pt NPs is 3 wt. %, 
and the NPs are 135 nm in diameter with a low polydispersity of 0.156. We 
demonstrate that PLGA-Pt NPs are highly efficacious in vitro, killing 
chemonaïve and chemoresistant cancer cells beyond levels achieved with 
clinical analogs. Given that one of the main attributes influencing in vivo 
pharmacokinetics and targeting is the NP’s coating, we have also explored the 
use of DNA aptamers as active targeting ligands and demonstrate their 
enhanced internalization. We synthesized pH sensitive PEGylated NP’s 
coating to provide long circulation half-life at pH 7.37 and expose the targeting 
ligands at tumoral pH of 6.8. Together, these results demonstrate the great 
potential of PLGA-Pt NPs as an effective nanomedicine against cancer. 
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Stimuli-responsive zwitterionic microgels 

Andrij Pich1,2, pich@dwi.rwth-aachen.de. (1) Functional and Interactive 
Polymers, DWI Leibniz Institute for Interactive Materials, Aachen, Germany 
(2) Technical and Macromolecular Chemistry, RWTH Aachen University, 
Aachen, Germany 

Aqueous polymer microgels bearing ionisable groups are interesting 
macromolecular colloidal structures with a huge application potential in drug 
delivery, biomaterials, adsorbents and coatings. In a large family of 
polyelectrolyte microgels, zwitterionic microgels exhibit extraordinary 
properties due to the co-existence of oppositely charged groups in crosslinked 
polymer networks. Zwitterionic microgels possess reversible ionic crosslinks, 
exhibit anti-polyelectrolyte behavior and upper critical solution temperature in 
aqueous solutions. 
Present paper will consider synthesis, characterization and application of 
stimuli-responsive zwitterionic microgels. Different synthesis methods 
(precipitation polymerization, polymerization in W/O emulsions) that allow 
utilization of different reactive building blocks and control the amount and 
distribution of zwitterionic groups in microgels were developed. Microgels 
were synthesized by copolymerization of N-vinyllactams with 
(methacryloyloxy)ethyl]-dimethyl-(3-sulfopropyl)-ammonium hydroxide in 
presence of a crosslinking agent (bisacrylamide) in water-in-oil emulsions. 
Monodisperse colloidally stable microgels with a high amount (> 30 mol-%) of 
zwitterionic groups were synthesized. High contents of zwitterionic groups in 
microgels led to the formation of dynamic reversible ionic crosslinks along with 
permanent covalent crosslinks generated by bisacrylamide. Obtained 
microgels exhibit interesting UCST and LCST behaviour and temperature-
triggered swelling/deswelling behavior in aqueous solution. The variation of 
zwitterionic groups and crosslinker concentrations influenced the extent of 
swelling/ deswelling at different temperatures. The behavior of zwitterionic 
microgels in aqueous solutions was investigated to understand their 
properties like swelling/deswelling, charge modulation and colloidal stability. 
Zwitterionic microgels are interesting colloidal templates for the 
biomineralisation and controlled growth of the CaCO3 nanocrystals as well as 
building blocks for design of protein-repellent coatings. 

 



 
 
Double-responsive zwitterionic microgels exhibiting ionic and covalent crosslinks. 

COLL 679 

Reprogramming growth factor signaling through nanoconjugation 

Ali Khanehzar, Bjorn M. Reinhard, bmr@bu.edu. Boston University, Boston, 
Massachusetts, United States 

Nanoconjugation of receptor ligands represent a nanoparticle-based strategy 
to impact and modulate cellular signaling but the underlying nanoparticle-cell 
interactions and regulation mechanisms remain insufficiently understood. In 
the case of the epidermal growth factor (EGF), nanoconjugation has been 
demonstrated to shift the signaling from growth and proliferation to apoptosis, 
but the role of the nanoparticle in the enhancement of apoptosis remains to be 
defined. Here, we characterize the apoptotic efficacy of nanoconjugated EGF 
as function of nanoparicle size, aspect ratios, and EGF surface loading and 
provide experimental evidence for the size- and morphology-dependences of 
the apoptotic effect. A characterization of the cellular processes that induce 
apoptosis reveals that nanoconjugated EGF increases cytoplasmic reactive 
oxygen species (ROS) levels and reduces intracellular glutathione (GSH) 
levels. The perturbation of the intracellular redox homeostasis is an important 
checkpoint in the induction of apoptosis. A potential mechanism for the EGFR-
dependent change in the intracellular milieu as response to nanoconjugated 
EGF is proposed. The observation that ligands for cancer biomarkers, such as 



EGFR, can be reprogrammed through nanoconjugation to induce apoptosis 
provides new opportunities for overcoming apoptosis enhancement in cancer 
with benign ligands.  

COLL 680 

Imaging the kinetics of serotonin receptor trafficking with quantum dot 
nanoparticles 

Gregory K. Illy, Emily B. Nowak, Katye Fichter, 
kfichter@missouristate.edu. Chemistry, Missouri State University, Springfield, 
Missouri, United States 

5-HT1B, a serotonin receptor subtype, has been a poplar target for studies of 
major depression. In a previous study, decreased membrane expression of 5-
HT1B was implicated in patients diagnosed with unipoloar depression, which 
may result in decreased signaling efficiency. Because receptors are 
internalized after binding serotonin, being able to recycle back to the 
membrane and gain access to the extracellular space is critical for future 
rounds of cell signaling. Furthermore, other studies have indicated that 
selective serotonin reuptake inhibitors (SSRIs) may effect the membrane 
expression of these receptors. Therefore, dysfunctions in the intracellular 
trafficking of 5-HT1B can result in altered membrane expression and contribute 
to psychological illnesses. To study this possibility, quantum dot (QD) probes 
have been designed and synthesized to bind 5-HT1B with extremely high 
specificity. Single-molecule imaging of 5-HT1B was performed to evaluate the 
membrane expression in the presence of agonists and therapeutic agents. 
Our QD probes were able to demonstrate increased internalization of 5-
HT1B with higher concentrations of agonist. Additionally, preliminary 
experiments indicate increased membrane expression in the presence of 
SSRIs. We anticipate that live-cell single-molecule investigation of these 
receptors will help dissect the regulation of 5-HT1B membrane expression, and 
hopefully lead to more efficacious treatments for psychological disorders. 

COLL 681 

Nanosized MRI contrast agents: Engineering nanostructure and 
surfaces for contrast signal control and towards non-invasive 
diagnostics 

George H. Lee1, g.lee@warwick.ac.uk, Gemma-Louise Davies2, Charles 
Hutchinson3. (1) Chemistry, University of Warwick, Coventry, United Kingdom 



(2) Chemistry, UCL, London, United Kingdom (3) Warwick Medical School, 
University of Warwick, Coventry, United Kingdom 

Magnetic Resonance Imaging (MRI) is a powerful non-invasive technique 
which becomes more potent when paramagnetic contrast agents are 
introduced. Incorporation of gadolinium chelates into mesoporous silica 
nanoparticles (MSNs) enhances relaxation due to reducing the tumbling rate. 
Enhancement can be optimised through careful control of chelate localisation 
on MSN, and the size of the porous network itself. Herein, we demonstrate the 
significant effects on contrast signal enhancement which can be achieved 
through varying MSN pore diameters alongside covalent loading of Gd3+-
chelates on internal versus external particle surfaces. This effect, mediated by 
the specific confinement of the paramagnetic centre, demonstrates the vital 
importance of nanoparticle design for biomedical applications. 
Responsive MRI contrast agents, which provide accurate disease diagnosis 
through a change in image contrast triggered by a specific stimulus or 
biochemical variable, represent the next milestone in non-invasive disease 
diagnosis and management. In this talk, we seek to demonstrate ‘switchable’ 
image contrast from a modified nanoparticle scaffold doped with Gd3+-
chelates and externally grafted with a thermoresponsive polymer, N-
isopropylacrylamide (pNIPAM). These particles exploit a selective 
environmental response which can turn strong MRI contrast signal ‘on’ or ‘off’. 
This work is of significant value in the emerging field of diagnostic MRI. 

 



 

COLL 682 

SERS of bacteria using Ag colloid suspensions 

Robert D. George3, turbo-dog@cox.net, Kara Sorensen3, Pamela Mosier-
Boss1, Patrick Sims3, Anna O'braztsova2. (1) GEC, Annandale, Virginia, 
United States (2) San Diego State University Foundation, San Diego, 
California, United States (3) SPAWAR Systems Center Pacific, San Diego, 
California, United States 

Surface enhanced Raman spectroscopy (SERS) has been widely used for 
chemical detection. However, the inherent richness of SERS spectral data 
also makes this approach attractive for use in detecting biological materials, 



including bacteria. A method of obtaining SERS spectra of bacteria has been 
developed that mixes bacterial suspensions with citrate-generated silver 
nanoparticles, followed by filtering the suspension onto a ceramic filter. It was 
shown that this method uniformly distributes the bacteria on the surface of the 
filter, after which SERS spectra were obtained using a Raman spectrometer 
that has an ‘orbital raster scan’ capability. The effect of common buffer 
systems on the SERS spectra was investigated along with the roll of 
nanoparticle capping agents. How this method compares to other methods of 
obtaining SERS spectra of bacteria will be discussed, in addition to the nature 
of bacteria interactions with silver nanoparticles. 

COLL 683 

Indocyanine green-loaded multifunctional multiwalled carbon nanotubes 
as a versatile platform for targeted dual-mode imaging and phototherapy 
of tumors 

Yong Hu1, Ruizhi Wang3, Yiwei Zhou1, Dongmei Gao2, Xiangyang Shi1, 
xyshius@yahoo.com, Mingwu Shen1. (1) Bioengineering, Donghua University, 
Shanghai, China (2) Liver Cancer Institute, Zhongshan Hospital, Fudan 
University,, Shanghai, China (3) Interventional Radiology, Xinhua Hospital 
affiliated to Shanghai Jiaotong University School of Medicine, Shanghai, 
China 

We present the development of indocyanine green (ICG)-loaded folic acid 
(FA)-modified multiwalled carbon nanotubes (MWCNTs) as a versatile 
platform for targeted dual-mode fluorescent (FL)/photoacoustic (PA) imaging, 
and photothermal therapy (PTT)/photodynamic therapy (PDT) of tumors. In 
this work, acid-treated MWCNTs with carboxyl groups were first covalently 
conjugated with polyethyleneimine (PEI). Followed by sequential modification 
of FA via a polyethylene glycol (PEG) spacer, fluorescein isothiocyanate 
(FITC), and succinic anhydride (SAH), multifunctional FA-modified MWCNTs 
(MWCNT-PEI.SAH-FITC-PEG-FA) were formed. The functional MWCNTs 
possess exceptional colloidal stability, good cytocompatibility in a given 
concentration range, and targeting specificity to FA receptor-overexpressing 
cancer cells. Via π-π stacking interactions, the MWCNTs enable highly 
efficient loading of ICG and the ICG-loaded MWCNTs display an excellent 
photostability and can be used for FL imaging/PDT of tumors due to the 
singlet oxygen (1O2) generation of ICG. Likewise, the near-infrared absorption 
feature of ICG also enables the MWCNT nanoplatform to be used for highly 
sensitive PA imaging and PTT of tumors. Our study demonstrates a novel 
theranostic nanosystem that can be used for targeted dual-mode FL/PA 



imaging and PTT/PDT of a xenografted tumor model in vivo, which may offer 
a profound promise for translation into clinical uses. 

COLL 684 

Exploiting Le Chatelier’s principle for a one-pot synthesis of nontoxic 
HHogGNPs with the sharpest nanoscopic features suitable for tunable 
plasmon spectroscopy and high throughput SERS sensing 

Maireyee Bhattacharya, maireyee85@gmail.com. Chemical Science, Saha 
Institute of Nuclear Physics, Kolkata, West Bengal, India 

Literature is rich in designing and producing anisotropic noble metal 
nanomaterials with extensive applications. But formulating a benign one 
suitable for medicinal purpose is an area of research yet to explore. This is a 
report where a one-pot synthetic methodology without any preformed seed or 
surfactant has been adopted yielding gold nanostructures of high anisotropy 
and sharpest nanoscopic features resembling ‘Hedgehog’. The morphology of 
these Hedgehog gold nanoparticles (HHogGNPs) can be controlled simply by 
changing the concentration of common ion in the medium following Le 
Chatelier’s principle. A contemporary Discrete Dipole Approximation for 
scattering calculation has been performed to understand their experimentally 
observed scattering and absorption pattern. These are nontoxic as detected 
from their MTT based study in absence of light. In addition, it can withstand 
high saline condition without aggregation due to salt induced synthetic 
modality. They show broad-band plasmon tunability and huge surface 
enhanced Raman scattering (SERS). The HHogGNPs, therefore, are quite apt 
for future nanomedicine applications. 

 



 
 
Highly anisotropic and bio-compatible 'Hedgehog' gold nanoparticles are easy to 
synthesis and show tunable broad-band plasmonics along with exceptional Raman 
enhancement 
 
 
 



COLL 685 

Expanding the molecular-ruler process though the solution and vapor 
deposition of alkanethiol molecules 

Thomas J. Mullen, tj.mullen@unf.edu. Department of Chemistry, University 
of North Florida, Jacksonville, Florida, United States 

The development of strategies to fabricate nanoscale features with tailored 
chemical functionalities has garnered tremendous interest in recent years for 
applications such as nanoelectronic and sensor fabrication. The molecular-
ruler process shows great utility for this purpose as it combines top-down 
lithography for the creation of complex architectures over large areas in 
conjunction with molecular self-assembly, which enables precise control over 
the physical and chemical properties of small local features to employed to 
produce registered nanogaps between metal features. The solution deposition 
of mercaptoalkanoic acids and metal ions are commonly used to generate the 
metal-ligated multilayers employed in the molecular-ruler process; however, 
few studies have explored molecules with varied chemical functionalities. 
Here, we explore the solution and vapor deposition of alkanethiol molecules 
as the terminating layer of metal-ligated SAMs. We observe that the solution 
deposition of alkanethiol molecules resulted in islands of low surface 
coverages with features that varied in height. Unlike solution deposition, 
islands produced via vapor deposition exhibit markedly higher surface 
coverages of uniform heights. To illustrate the applicability of the vapor 
deposition approach, metal-ligated multilayers, both with and without a vapor-
deposited alkanethiol layer as the terminating layer, are utilized to create 
nanogaps between Au features using the molecular ruler process. Expansion 
of the molecular-ruler process to include molecules with other chemical 
functionalities and tailored deposition conditions has the potential to improve 
the overall versatility, and thus the utility, of this process. 

COLL 686 

Reactivity of confined carboxylic acids in thin films 

Dominic P. Goronzy1,2, goronzy@chem.ucla.edu, Erin Avery1,2, Nathan M. 
Gallup1, Jan Staněk3, Jan Macháček3, Tomáš Baše3, Kendall N. Houk1, Paul 
S. Weiss1,2. (1) Chemistry and Biochemistry, University of California, Los 
Angeles, Los Angeles, California, United States (2) California NanoSystems 
Institute, University of California, Los Angeles, Los Angeles, California, United 



States (3) Institute of Inorganic Chemistry, Academy of Sciences of the Czech 
Republic, v.v.i. 250 68 Husinec-Rez, č.p. 1001, Czechia 

Self-assembled monolayers (SAMs) are a facile tool to tune surface properties 
and thereby to modify materials. By functionalizing SAM molecules, the 
interface between the surface and the environment can be manipulated, 
opening new avenues for surface chemistry and reactivity. Here, we examined 
SAMs composed of carborane cage molecules with a carboxylic acid 
functional group and tethered to a Au{111} surface via a thiol moiety. In 
previous work, using scanning tunneling microscopy (STM), the para-
functionalized carboxylic acid carboranethiol was visualized in the form of 
mixed monolayers of functionalized and unfunctionalized molecules, with the 
functionalized molecule adopting the same nearest-neighbor spacing on the 
surface as the unfunctionalized para-carboranethiol, approximately 7.2 Å. In 
contrast, in our current study of carboranethiols with a carboxylic acid 
functional group attached in the meta position, we could 
image pure functionalized monolayers via STM with nearest-neighbor 
spacings over 1 Å larger than the unfunctionalized carboranethiols, 
approximately 8.4 Å. Results were the same for the two isomers of 
carboranethiols studied. Furthermore, using contact angle titration, we probed 
the acidity of the carboxylic acid functional group on the surface to explore the 
effects of changing dimensionality from a 3D solvent system to a 2D thin film. 
Our titration results demonstrated a shift from a solution pKa of 3.01-3.23, to 
an apparent pKa on the surface of approximately 6.95. Density functional 
theory calculations on the desolvation effects of two-dimensional confinement 
reproduced the experimentally observed pKa shift. Additional STM results of 
SAMs deposited in ethanol versus in benzene suggest that reactivity changes 
are more pronounced than just the acidity of the carboxylic group. These 
results support the hypothesis that the confinement of the molecule in a 2D 
environment induces a significant change in reactivity as observed by the 
pKa shift. 

COLL 687 

Surface-bound SuFEx chemistry: A fast and quantitative organic 
reaction 

Digvijay Gahtory2, Rickdeb Sen2, Sidharam P. Pujari2, Suhua Li5, Qinheng 
Zheng5, John Moses4, Karl B. Sharpless1, Han Zuilhof2,3, 
han.zuilhof@wur.nl. (1) Scripps Research Institute, La Jolla, California, United 
States (2) Lab of Organic Chemistry, Wageningen University, Wageningen, 
Netherlands (3) Chemical and Materials Engineering, King Abdulaziz 



University, Jeddah, Saudi Arabia (4) La Trobe Institute for Molecular Science, 
La Trobe University, Melbourne, Victoria, Australia (5) Department of 
Chemistry and The Skaggs Institute for Chemical Biology, Scripps Research 
Institute, La Jolla, California, United States 

The success of surface-bound organic reactions, e.g. taking place within a 
monolayer or polymer brush, hinge on a near-quantitative conversion of the 
reactants into the products. This is critical, as - in contrast to solution 
chemistry - typically no post-reaction purification (like column chromatography 
or so) is feasible: what happens at the surface, stays at the surface. Therefore 
there is a big drive towards the development of quantitative surface-bound 
reactions. We will provide an overview of the field, and present our most 
recent advances in the field of SuFEx chemistry. 

COLL 688 

Reactivity, kinetics, and limitations of SuFEx chemistry used for surface 
functionalization 

Karson Brooks1, ksbrooks@uga.edu, Jeremy Yatvin1, Marina Kovaliov3, 
Grant H. Crane1, Saadyah Averick2, Jason J. Locklin1. (1) Chemistry, 
University of Georgia, Athens, Georgia, United States (2) Laboratory for 
Biomolecular Medicine, Allegehny Health Network, Pittsburgh, Pennsylvania, 
United States (3) Neuroscience Research Institute, Allegheny Health Network, 
Pittsburgh, Pennsylvania, United States 

Since its introduction in 2014, sulfur(VI) fluoride exchange (SuFEx) chemistry 
has shown promise in polymer chemistry, both in polymerization of diverse 
polymers and post-polymerization modification (PPM). Previously, we 
successfully reported the use of SuFEx chemistry as a method for surface 
derivatization, using PPM of sulfonyl fluoride containing polymer brushes. 
However, with the diversity afforded by this reaction, such as reactant type 
and catalyst selection, it is advantageous to expand the use of SuFEx for 
PPM on polymer brush platforms to further discern the scope, advantages, 
and limitations of this reaction. in this talk, we present rates, conditions, and 
side products for PPM of polymer brushes using SuFEx chemistry with three 
different polymer brush systems, an alkyl sulfonyl fluoride, an aromatic 
sulfonyl fluoride, and an aromatic fluorosulfonate, using different of silyl ether 
derivatives (aryl, alkyl, and benzyl), and multiple classes of catalysts. With this 
knowledge, we can efficiently utilize this chemistry for surface derivatization 
as well as expand the scope to other fields of material science. 



 

COLL 689 

Multiplexed light-mediated tip-based molecular printing in continuous 
capillary flow 

Carlos Carbonell Fernandez1,2, lacerto@hotmail.com, Daniel J. Valles1,2, 
Alexa Wong1,2, Mei Wai1, Moussa Niang1,3, Adam B. Braunschweig1,2. (1) 
Nanoscience, The Advanced Science Research Center at the Graduate 
Center of the City University of New York, New York, New York, United States 
(2) Chemistry, Hunter College, New York, New York, United States (3) The 
Beacon School, New York, New York, United States 

Printing different organic and biological materials in close proximity and with 
nanometer resolution is of paramount importance for fundamental biological, 
physical, and medical studies.1 Ink-jet and pin-printing print sub-100 µm 
features with difficulty, whereas conventional nanolithography would denature 
or destroy these delicate materials. Our group has recently married massively 
parallel scanning-probe based nanolithography, specifically polymer-pen 
lithography and beam-pen lithography (BPL), with surface organic chemistry, 
resulting in new approaches for preparing glycan arrays, functionalized 
graphene, and 3-D brush polymer arrays. In this presentation, we will 
demonstrate molecular printing of multiple organic materials, overcoming the 



main drawback of massively parallel scanning probe based lithography: the 
inability to position different materials within a single pattern – multiplexing. By 
incorporating a flow-through microfluidic system into the BPL platform, 
reagents are changed without removing the tip arrays, enabling the deposition 
of different molecules within a single pattern. Using this tool to locally induce 
photoactivated thiol-ene click chemistry, we have successfully created 
multiplexed microarrays composed of nine different-colored spots by bonding 
three fluorescent dyes to the surface in the desired proportions. This new 
chemical technology will enable the preparation of artificial biological 
interfaces, with a level of architectural sophistication unachievable with any 
current printing technology. 

 
 
(Left) The printer uses a microfluidic mixer to introduce different inks into a droplet 
that is drawn below the tip array by capillary forces. Immobilization of inks onto the 
surface occurs when UV-light that is focused through the apertures of the beam pen 
arrays induces a photochemical reaction between thiol-groups on the surface and 
alkenes in the solution. The tips are subsequently repositioned by the piezoactuators, 
new reactants are introduced and the process is repeated until a pattern is produced. 
On the right, three fluorescence microscopy images merged, showing a multiplexed 
pattern of nine different inks composed of alkenes immobilized on thiol surface. 
 

COLL 690 

Superamphiphobic wood surfaces 

Maziar Sedighi Moghaddam1, Mikko Tuominen1, Janne Haapanen2, Jyrki 
Mäkelä2, Agne Swerin1, agne.swerin@ri.se. (1) Bioscience and Materials / 
Chemistry, Materials and Surfaces , RISE- Research Institute of sweden, 



Stockholm, Sweden (2) Aerosol Physics Laboratory, Department of Physics, 
2- TUT Tampere University of Technology, Tampere, Finland 

Interactions of liquid with surfaces is a fundamental issue that has received 
significant interest in the last decades. The hydrophilic nature of wood is a 
major cause for water uptake and subsequent biological degradation and 
dimensional changes. Altering surface properties toward superamphipobic by 
lowering the surface energy and modifying the surface roughness has raised 
attention, in order to reduce liquid penetration, and undesired drawbacks. In 
this work we show how to achieve a thin transparent superamphipobic layer of 
wood surface by using two state of the art techniques, Liquid Flame Spray 
(LFS) followed by plasma polymerization. Different wood veneers were 
treated by LFS using titanium dioxide and silicon dioxide. Plasma polymerized 
perfluorohexane or hexamethyldisiloxane were deposited onto the LFS-
treated wood surfaces. The effect of different processing parameters on 
wetting properties was also investigated. The multi-cycle Wilhelmy plate 
method was utilized to dynamically study the wettability of the sample 
surfaces during repeated wetting cycles in water. In addition, using sessile 
drop technique, advancing, receding and roll-off angles of a series of liquids 
with different surface tensions (water, olive oil, ethylene glycol, 
diiodomethane) on surface modified wood were measured. In real application 
the modified wood has to perform against several deteriorating factors, such 
as UV, moisture and water simultaneously. Therefore, we evaluate forced 
wetting where a liquid droplet is dropped on the surface from different heights 
and ACA, RCA, SCA and roll-off angle are measured afterwards. In order to 
generalize the results, the forced wetting results were evaluated using some 
dimensionless numbers such as Weber and Reynolds numbers. The results 
showed that a multi-scale roughness (micro-nano) enhanced the forced 
wetting durability via a superhydrophobic effect on the surface, which was 
stable even after repeated wetting cycles. Our data also demonstrates that the 
wood structure is also a main factor to achieve the oleophobicity 
characteristic. The forced wetting results showed that perfluorohexane plasma 
layer on birch can lead to superamphiphobic surface, while 
hexamethyldisiloxane plasma layer demonstrated only hydrophobic 
properties. The longer plasma time showed negative effect on amphiphobicity. 
The surfaces modified with the silicon dioxide showed the same non-wetting 
properties as the ones modified with titanium dioxide nanoparticles. 

COLL 691 

Dosing drops with liquid needle to measure advancing and static 
contact angles 



Raymond J. Sanedrin1, rs@krussusa.com, Ming Jin2, Daniel Frese2, Carsten 
Scheithauer2, Thomas Willers2. (1) Kruss USA, Matthews, North Carolina, 
United States (2) KRUSS GmbH, Hamburg, Germany 

The optical determination of static and advancing contact angle is made on 
drops applied or extended, respectively, onto a substrate through the use of 
thin solid needles. Although this method has been used extensively, this 
method of dosing can be time consuming, cumbersome and if not 
meticulously performed can lead to erroneous contact angle results. Herein, 
we present an alternative way of applying drops onto substrates using a small 
liquid jet, which is produced by a liquid pressure dosing system acting as a 
"liquid needle." A comparative static contact angle study on 14 different 
surfaces with two different liquids (water and diiodomethane) were performed 
utilizing two different ways of dosing: the conventional solid and a novel liquid 
needle based technique. We found, for all but one sample, that the obtained 
results were highly comparable. Observed differences can be explained by 
the characteristics of either way of dosing. We show that the contact angles of 
µL size drops measured with both methods are highly comparable. In addition, 
we used the liquid pressure based dosing system for optical advancing 
contact angle measurement on two different samples. The liquid needle based 
method facilitates the expansion of a drop from 0.1 to 22 µL within less than 
1.2 seconds, which provided constant contact angle versus drop base 
diameter curves. The obtained results were compared with data from 
tensiometric dynamic Wilhelmy contact angle measurements. These data, in 
conjunction with sequences of live images of the dosing process of the liquid 
pressure dosing system, illustrate how this system can replace the solid 
needle by a liquid needle. 

COLL 692 

Low electric and magnetic field induced transient spin dynamics of 
sanguinarine on single domain nanosurface 

Sudeshna Das Chakraborty, 
sudeshna.daschakraborty22@gmail.com. Chemical Sciences Division, Saha 
Institute of Nuclear Physics, Midnapore, West Bengal, India 

The role of single-domain (with surface area less than 10-12m2) magnetic and 
magneto-plasmonic nanostructure and the associated surface for many fold 
electric and magnetic-field-induced surface enhanced transient spin dynamics 
is a new venture in molecular spin dynamics. Though the inter conversion 
between spin isomers in the excited state is often forbidden by spin selection 



rule, hopping between two spin trajectory surface is quite probable due to their 
high electric and magnetic-field induced spin-rephasing or coupled electro-
magnetic spin redistribution. Though the spin-rephasing-induced conical 
intersection is mainly governed by the spin-orbit (L-S) coupling, contribution 
from solvent induced radical pairs are also noticeable. The extent of spin-
rephasing which controls their spin degeneracy or relative population beyond 
molecular field can also be efficiently regulated by inducing a large electric 
and magnetic moment in a nearfield configuration. In the present set of 
experiments a large electric (plasmonic) and magnetic field antenna (0.4T) 
has been launched and inter coupled inside the nanoparticle by applying an 
external low optical and magnetic field respectively. This gigantic induced field 
inside the single-domain nanostructure directly influences the programmable 
spin-trajectory modulation for surface adsorbed sanguinarine (Sgr) molecule, 
a known small molecule anticancer drug, through enhanced population of 
spin-rephased component. Along with spin-rephasing, distribution and 
stabilization of radical formation in different solvent environments also play the 
pivotal role to control the overall transient spin trajectory population. 

COLL 693 

Chemical mapping of the evolving material interface of particles in 
liquids 

Xiao-Ying Yu, xiaoying.yu@pnnl.gov. Pacific Northwest National Laboratory, 
Richland, Washington, United States 

A vacuum compatible microfluidic reactor, SALVI (System for Analysis at the 
Liquid Vacuum Interface) was employed to study the evolving material 
interface of particles in liquids. Two case studies will be provided in this talk. 
In the first example, we investigated the chemical structural evolution of the 
metal organic framework (MOF) formed over different lengths of times using in 
situ liquid SIMS imaging. Zn-MOF-74 is the model system. Zn-acetate is the 
metal center and DHTA is the ligand linker in a DMF solvent. MOFs in solvent 
are analyzed to ascertain the growth mechanism and the evolution of the 
MOF structure. Ex situ XRD, HeIM, and TEM are used to characterize MOFs 
to complement the in situ analysis. MOF surface area measurement and 
adsorption and desorption testing illustrate that the MOF pore size becomes 
smaller over time yet the overall adsorption/desorption properties improve due 
to the increased density of the pores. Second, larger colloidal boehmite 
particles of importance in nuclear engineering and processing are studied 
under a variety of pH conditions. Particle morphological changes are observed 
using in situ liquid SEM. Moreover, the solvent and solute compositions are 



found to relate to the pH conditions, providing direct evidence of the solvation 
effect via submicron chemical mapping. The vacuum compatible microchannel 
in SALVI offers an innovative perspective to study the evolving liquid-liquid 
and solid-liquid interface. This approach allows direct visualization of the 
spatial and chemical heterogeneity in complex liquids by dynamic ToF-SIMS 
complemented with other imaging and spectroscopy techniques and provides 
new insights for improved understanding of the evolving material interface. 

COLL 694 

Study of polymorphism using patterned self-assembled monolayers 
approach on metal substrates 

Rosalynn Quinones, rosalynnpr@yahoo.com. Chemistry, Marshall 
University, Chesapeake, Ohio, United States 

Polymorphism is a molecule’s ability to possess altered physical crystalline 
structures and has become an active interest in pharmaceuticals due to its 
ability to influence a drug’s physical and chemical properties. Crystal stability 
and solubility are crucial in determining a drug’s pharmacokinetics and 
pharmacodynamics. Changes in these properties due to polymorphisms have 
contributed to recalls and modifications in industrial production. For this study, 
the effects of surface interactions with pharmaceuticals were examined 
through surface modification methodology using organic phosphonic and 
sulfonic acid self-assembled monolayers (SAMs) developed on a nickel or 
zinc oxide metal substrate. Drugs analyzed included carbamazepine, 
cimetidine, tolfenamic acid, and flufenamic acid. All drugs were 
thermodynamically applied to the reformed surface to aid in recrystallization. It 
was hypothesized and confirmed that intermolecular bonds, especially 
hydrogen bonds between the SAMs and pharmaceutical drugs, were the force 
that assisted in polymorph development. The study was successful in 
revealing multiple forms for each drug, including their commercial form and at 
least one additional form using micro FT-IR, Raman spectroscopy, and PXRD. 
Visual comparisons of crystal polymorphisms were performed with IR 
microscopy. 

COLL 695 

Balancing multiple orthogonal functions simultaneously on a single 
surface 



Timothy Lawton1, tim.j.lawton@gmail.com, Joshua Uzarski1, Shaun 
Filocamo2. (1) Natick Solider Research Development and Engineering Center, 
Marlborough, Massachusetts, United States (2) US Army NSRDEC, Natick, 
Massachusetts, United States 

Providing the Warfighter with increased protection and awareness in the field 
can often come at the expense of comfort and mission effectiveness. Extra 
protection in the form of specialty uniforms and materiel add to the physical 
burden of the Soldier. A uniform comprised of a single multifunctional layer 
could address this problem because it could perform multiple functions without 
increasing the physical burden. Two critical functions to add to a Soldier’s 
uniform would be water repellency and decontamination. Certain enzymes 
have been shown to be effective and selective chemical decontamination 
agents (here we will use a model enzyme to simulate decontamination 
activity). A multifunctional coating that is predominantly hydrophobic would 
repel water, keeping the wearer dry and comfortable, and provide passive 
protection by allowing aqueous liquids to roll-off. However, enzymes often 
require aqueous environments for proper activity. This situation presents an 
opportunity to determine the surface composition needed to achieve the 
highest enzyme activity without degrading the water repellent properties. In 
nature, the skin of the Stenocara desert beetle effectively balances orthogonal 
hydrophobic and hydrophilic surface properties. No catalytic activity occurs on 
the beetle’s skin, but it does provide an example of a multifunctional system in 
nature balancing orthogonal functions. 
 
In order to create a multifunctional surface that supports both enzyme activity 
and water repellency, we have taken a cue from the Stenocara beetle skin 
and fabricated an amphiphilic surface by using a binary self-assembled 
monolayer system. In collaboration with Boston University, we have used 
photolithography to pattern micron-sized hydrophilic domains amongst a 
hydrophobic background. Once patterned, we can covalently attach enzymes 
to the hydrophilic regions while the hydrophobic background provides the 
water repellency function. Using photolithography we can control the size and 
spacing of the hydrophilic domains to determine the effects this has on 
balancing these two functions. We will also show how using an engineered 
enzyme allows for site-selective immobilization which improves the overall 
efficiency of the enzyme activity. In this study I use contact angle goniometry, 
fluorescence enzyme assays and surface characterization techniques such as 
atomic force microscopy and infrared spectroscopy to find the surface 
composition that maximizes both functions simultaneously. 



COLL 696 

Controlling surface oxidation of gallium liquid metal colloids through 
judicious ligand selection 

Christopher E. Tabor1, christopher.tabor@wpafb.af.mil, Zachary Farrell1,2, 
Ian Anderson1, Carl Thrasher1, Jacob Mingear3. (1) Materials and 
Manufacturing Directorate, Air Force Research Laboratory, Dayton, Ohio, 
United States (2) UES, Inc., Dayton, Ohio, United States (3) Texas A and M, 
College Station, Texas, United States 

Colloidal room-temperature liquid metal nanoparticles composed of gallium 
and gallium alloys have been explored for a range of applications such as 
printed electronics, self-healing circuits, and flexible electronics. A 
distinguishing attribute of gallium liquid metal alloys is their propensity to form 
a thin passivating oxide shell under nearly any oxygen exposure, which also 
occurs at the nanoscale. This oxide significantly affects the particle properties 
as the surface to volume ratio increases in nanoparticles, such as their 
mechanical, rheological, and electronic properties. We detail two orthogonal 
methods that our lab has developed to tune the colloidal system by controlling 
the oxide through (1) binding to the oxide through phosphonic acid ligands 
and (2) binding to the metal core directly through thiols prior to oxide 
formation. These two approaches are used individually and synergistically to 
understand both the fundamental mechanism driving oxide formation and to 
produce stable and tunable colloidal systems. We utilize the control over 
these particles to significantly tune the mechanical, electrical, and rheological 
properties of the colloids to demonstrate their utility in a range of applications 
such as self-healing electronics, heat transport fluids, and 3-D printed 
electronics. 

COLL 697 

Thermochemical analysis of proton coupled electron transfer at titanium 
dioxide nanoparticles 

Jennifer Peper, jennifer.peper@yale.edu, Benjamin Boudy, James M. 
Mayer. Yale University, New Haven, Connecticut, United States 

Interest in metal oxide nanomaterials has grown tremendously over the past 
several decades due to their incorporation into emerging technologies 
including solar and fuel cells. Still, the thermodynamics of reactions at the 
solid-solution interfaces of these devices remains elusive. Historically, studies 



of metal oxides have focused on electron transfer (ET) processes; however, 
discrete examples of proton coupled electron transfer (PCET) at ZnO and 
TiO2 nanoparticles (NPs) have been observed. The pH dependence of the 
reactivity of photochemically reduced, aqueous, colloidal TiO2 NPs will be 
discussed. Using a variety of ET oxidants with reduction potentials ranging 
over 700 mV, a Nernstian dependence, ~ 60 mV/pH unit, of the apparent 
TiO2 reduction potentials was observed. Unlike other metal oxide materials, 
electrons in reduced TiO2 are localized at discrete titanium-based trap states. 
Thus, accumulation of electrons (1-20 e-/NP) on a single NP does not result in 
large increases in electron energy as might be expected if the electrons were 
delocalized in a conduction band. With the assumption that all electron trap 
states are of equal or similar energy, and that some finite number of trap 
states exists, we are developing a formalism for the equilibrium constant to 
describe the redox reactivity of this system. This formalism includes 
contributions from the molecular redox agent ([X-]/[X]) and from the 
nanoparticle states [S/e-,H+] and [S], which represent the concentrations of 
reduced and oxidized nanoparticle based electron traps states, respectively 
(eq. 1). The association of a proton with the electron trap state, S/e-,H+, has 
been included based on the experimentally observed proton dissociation upon 
outer-sphere oxidation of the photochemically reduced colloidal suspensions. 
The development of this comprehensive equilibrium constant has allowed the 
determination of the standard (proton coupled) reduction potential of the 
nanoparticles. The implications of this study and the thermodynamic treatment 
of semiconductor nanoparticles more broadly will be discussed. 

 

COLL 698 

Solvent-dependent ligand structure and conformation on gold and silver 
nanoparticles 

Paniyanduwage Maleesha P. De Silva1, pmd125@msstate.edu, Dongmao 
Zhang2. (1) Chemistry, Mississippi State University, Starkville, Mississippi, 
United States (2) Dept of Chemistry Hand Lab, Mississippi State University, 
Mississippi State, Mississippi, United States 

Nanoparticle interfacial interaction has emerged as one of the most active 
area of research. However, most of the studies have focused on the ligand 



binding to nanoparticle in individual solvents. Potential solvent effect on the 
ligand structure and composition has to our knowledge, not been 
systematically investigated. Discussed herein is the solvent dependent of the 
ligand structure and conformation on plasmonic gold nanoparticle (AuNP) and 
silver (AgNP) nanoparticle surfaces. Several classes of model molecules have 
been employed in this study that include thioamide (mercaptobenzimidazole, 
thioguanine), aromatic mono- and dithiols (methylbenzenethiol and benzene 
dithiols), aliphatic mono- and dithiol (ethanethiol and ethanedithiol), and 
nonspecific ligand (adenine). The solvent effects were studied using two 
approaches. The first is performed by first mixing ligand in water/ethanol 
mixture solvent with AuNPs, then washing ligand-containing AuNP/AgNP 
aggregates using the targeted solvents. The second is by first aggregating the 
AuNPs and AgNPs using KNO3 then adding the ligand in targeted solvents. 
The model solvents including water, tetrahydrofuaran, carbon tetrachloride, 
and dichloromethane. The experimental results are analyzed in combination 
with computational modeling. The data obtained with these two solvent 
dependent studies shed a series of new insights to the mass transfer and 
chemical reactivity of ligands trapped on the junction of the aggregated 
AuNPs and AgNPs. 

COLL 699 

Surface chemistry of engineered nanoparticles in biological and 
environmental media of varying pH 

Alaa H. Alminshid2, alaahaninaser-alminshid@uiowa.edu, Vicki H. 
Grassian2,3, Sarah C. Larsen1,4. (1) Chemistry, University of Iowa, Iowa City, 
Iowa, United States (2) chemistry, University of Iowa, Iowa city, Iowa, United 
States (3) Chemistry and Biochemistry, UC San Diego, Sandiego Lajolla, 
California, United States (4) Graduate College, Iowa City, Iowa, United States 

Engineered nanoparticles have unique physiochemical properties and are 
used in a variety of applications including as cosmetics, pharmaceuticals, and 
catalysts. Nanoparticles can make their way into the environment and can 
interact with biological systems. Therefore it is important to understand how 
nanoparticles behave in different biological and environmental media. In this 
study, we have investigated two aspects: (1) surface chemistry of titanium 
dioxide nanoparticles in different biological and environmental media of 
different pH with ATR-FTIR spectroscopy and (2) dissolution behavior of 
nanoparticles (NPs), including ZnO and CuO, in biological and environmental 
media at different pH. In particular, in situ measurements of changes in 
surface charge and surface functionality were made. Surface adsorption of 



different biological and environmental components from these media on 
TiO2 NPs at varying pH was monitored with attenuated total reflectance 
Fourier transform infrared (ATR-FTIR) spectroscopy. The biological and 
environmental media investigated included Roswell Park Memorial Institute 
medium commonly referred to RPMI With/ Without FBS (fetal bovine serum), 
Moderately Hard Reconstituted Water (MHRW), simulated lung fluids (Artificial 
Lysosomal Fluids (ALF) and Gamble’s solutions) and gastric fluids. Overall, 
this study provides insights and a better understanding of nanomaterials in 
different biological and environmental media. Additionally, copper oxide and 
zinc oxide nanoparticles, ca. 24 nm in diameter, have been placed in several 
different simulated biological fluids in order to investigate their dissolution 
behavior in the presence and absence of adsorbed organic matter and 
proteins. In particular, after coating the nanoparticles surface with either 
bovine serum albumin (BSA), immunoglobulin (IgG) and humic acid (HA), 
these nanoparticles were placed in simulated biological fluids representative 
of lung fluids such as artificial lysosomal fluids (ALF) and artificial interstitial 
fluid (Gamble’s solutions). Here, we show that Cu+2 ions were elevated when 
BSA was adsorbed on the surface in ALF compared to when both, HA and 
IgG, were adsorbed on the nanoparticle surface. CuO NPs undergo significant 
dissolutions in media over time scales because of ligand-assisted ion release. 
BSA adsorption promotes the dissolution of CuO nanoparticles through 
formation of surface complexes that kinetically enhance the dissolution 
whereas the HA and IgG do not. 

COLL 700 

Confocal Raman microscopy investigation of mixed-surfactant 
monolayers at n-alkyl-chain functionalized surfaces in chromatographic 
particles 

Maryam Zare1, maryam.zare@utah.edu, Jay P. Kitt4, David Bryce3, Joel M. 
Harris2. (1) Chemistry, The University of Utah, Salt Lake City, Utah, United 
States (2) Univ of Utah Chem Dept, Salt Lake City, Utah, United States (3) 
University of Utah, Salt Lake City, Utah, United States (4) Chemistry, 
University of Utah, Salt Lake City, Utah, United States 

Separation of compounds based on their affiliation with phospholipid 
membranes is critical for predicting bioavailability. A model membrane for 
these types of separations has been developed employing an upper leaflet of 
phospholipid self-assembled on lower leaflet of n-alkyl chains covalently 
bound to the surfaces of C18-chromatographic silica. In chromatographic 
applications, this stable hybrid-supported bilayer (HSB) has provided retention 



and separations of compounds based on their based on lipid-bilayer affinities. 
Recently, the structure of HSBs in chromatographic silica has been 
characterized using confocal Raman microscopy. The results show that the 
acyl-chains of phosphatidylcholine-hybrid bilayers are interdigitated structures 
that undergo a temperature-dependent order-disorder transition that is 
characteristic of lipid bilayers, and the ordering of the acyl chains governs the 
membrane affiliation of non-polar solutes. Despite the attributes of this model-
membrane, one disadvantage of HSBs material is the high cost of the large 
quantity of phospholipid required to modify the C18-silica in a chromatographic 
column. In the present work, we have sought a less expensive alternative to 
modify C18-silica surfaces while mimicking the interfacial properties of 
phosphatidylcholine lipids including zwitter-ionic head-group and two acyl 
chains for each pair of charges. To address this challenge, we have adsorbed 
a pair of oppositely-charged long-chain surfactants on C18-modified silica, 
resulting in a stable dense monolayer. The two surfactants, cetylpyridinium 
chloride and hexadecylphosphonic acid, have charged-head groups 
(quaternary amine, phosphonic acid) and equivalent 16-carbon hydrocarbon 
tails comparable to 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC). 
Raman microscopy reveals a stable, high density layer of mixed surfactants, 
which does not desorb upon rinsing. The acyl chains appear to be 
interdigitated and exhibit a temperature-dependent transition from highly 
ordered to disordered structure, similar to a DMPC-HSB. The composition and 
structure of this mixed surfactant layer are investigated in this work, along with 
the prospects for its application in assessing lipid-bilayer affinity of molecules 
based on their retention on these surfaces. 

COLL 701 

Surfactant-free graphene exfoliation study between solvent interfaces 

Taoran Hui, taoran.hui@uconn.edu, Douglas H. Adamson. Chemistry, 
University of Connecticut, Storrs Mansfield, Connecticut, United States 

The incompatibility between inorganic pristine graphene/graphite and organic 
polymer materials has limited its application in polymer composites, even 
though graphene exhibits remarkable mechanical and electrical properties. In 
our previous studies, approaches to utilize graphene/graphite and organic 
solvents to form stable water-in-oil type emulsions were reported [1-3]. These 
emulsions were used as templates for the synthesis of foams material with 
well-controlled cell size by heating in the convection oven. Even though the 
exfoliation process of graphite is thermodynamically favored, the emulsion 
usually is prepared by mechanical shaking or ultrasonic treatment to 



accelerate the exfoliation of graphene. Likely due to the low energy input, it 
takes a really long time for bigger flake sizes (e.g.>10μm) to exfoliate. 
Here we develop a new method to prepare pristine graphene stabilized 
heptane/water emulsions by microwave treatment. Microwaves are found to 
accelerate the exfoliation process of graphene, especially for large flake size 
of graphene. Graphene has a very high electromagnetic reflection and 
absorption due to its unique electron-rich 2D structure, which leads to very 
high microwave absorption and great thermal dissipation. Those properties 
contribute a lot to the exfoliation process of graphite, which makes it possible 
to exfoliate the large flake size graphite in a reasonable amount of time. We 
studied different flake size of graphite (from 1μm to 10μm) exfoliation with 
microwave treatment. The exfoliation speed that was influenced by 
concentration and temperature was also studied. 

COLL 702 

Slippery liquid-immobilized film with high thermal and chemical stability 

Seimei Shiratori, shiratori@appi.keio.ac.jp, Yousuke Tsuge. Applied Physica 
Physico-informatics, Keio Univ- Faculty of Sci Eng, Yokohama Kanagawa, 
Japan 

Advanced antifouling coatings that consisted of a lubricant gel immobilized on 
a polyelectrolyte film containing metastable silver ions was successfully 
fabricated. These films exhibited slipperiness that was unaffected by chemical 
and physical tests. Moreover, these films showed a high degree of 
slipperiness with respect to various liquids (hot water, ethanol, hexadecane, 
and oleic acid). However, the slipperiness of the films with respect to water 
was lower than that of a slippery liquid-infused porous surface. Such slippery 
liquid-immobilized coating films with high chemical and physical durabilities 
should find use in a wide range of applications that demand antifouling and 
waterproof properties under extreme conditions, such as those requiring high 
durability and organic solvent use. The immobilized lubricant gel was formed 
by dehydration condensation of Si−OH on the outer surface of the Layer by 
Layer (LbL) film and reaction between Si−H groups and NH2 groups in the 
middle of the LbL film following oxidation−reduction reactions between Si−H 
groups and silver ions. This suggests that polyelectrolyte films containing 
silver ions and amine groups are extremely useful as reactive sites. Thus, 
polyelectrolytes with metal ions should be useful materials not only for 
sensors and antifouling coatings but also for catalyst membranes, filters, and 
electronic devices. 
References: 



 

 
 
Fig. Sliipery liquid-immobilized coating (SLIC) film that maintains slipperiness even 
after chemical and physical treatments 

COLL 703 

Silk fibroin microcapsules as functional bioreactors for in vitro protein 
synthesis 

Irina Drachuk1,2, irina.drachuk.ctr@us.af.mil, Svetlana Harbaugh1,3, Jorge L. 
Chavez1, Nancy Kelley-Loughnane1. (1) 711 HPW, AFRL, Dayton, Ohio, 
United States (2) UES, Inc., Dayton, Ohio, United States (3) The Henry M. 
Jackson Foundation, Bethesda, Maryland, United States 

Assembling synthetic bioparts into simplified artificial cells hold tremendous 
promise for advancing studies into the synthesis, biosensing, and delivery of 
biomolecules. Currently, the most successful techniques for encapsulation of 
transcription-translation machinery exploit compartmentalization in liposomal 
vesicles. However, many disadvantages of this method remain to be 
addressed, including lack of permeability to polar molecules, difficulty with 
functionalizing the membrane with biologically active elements, and lack of 
control over encapsulation efficiency. Microcapsules prepared via Layer-by-
layer (LbL) assembly using natural polymers have the potential to resolve 
some of the hurdles associated with liposomes. We introduce a design for 
compartmentalizing DNA template, a major part of cell’s genetic system, into 
protein-based microcapsules prepared from regenerated silk fibroin. During 
LbL assembly, DNA plasmids were confined in the inner shell of the capsule 
wall and were proven to be functional. Multiple copies of mRNA and GFPa1 
protein have been synthesized during in vitro translation/transcription 



demonstrating that silk microcapsules can be used as biosensors or synthetic 
bioreactors for the production of proteins of interest. Further functionalization 
of microcapsules with gold nanoparticles (Au NPs) and antibodies allows their 
applicability to be expanded for the targeted surveillance of biomarkers. In the 
future, microcapsule design can also help advance the study of genetic circuit 
modularity using different microcapsule-confined genes. 

COLL 704 

Cellulose biointerface for paper diagnostics 

Vikram Singh Raghuwanshi1, Ziwei huang1, natasha yeow1, Christopher 
Garvey2, Rico Tabor3, Gil Garnier1, gil.garnier@monash.edu. (1) Chemical 
Engineering, Monash, Clayton, Victoria, Australia (2) ANSTO, Sydney, New 
South Wales, Australia (3) Chemistry, Monash University, Clayton, Victoria, 
Australia 

This study aims at quantifying and controlling the morphology and functionality 
of biomolecules at the cellulose interface. This knowledge is required to 
develop diagnostics that remain functional for over a year, instead of the 
current few months. Paper diagnostics for medical applications require stable 
and functional biomolecule immobilization. Currently, a major obstacle in 
paper based diagnostics is the presence of hierarchical microstructures made 
of micro fibres, large pore size distribution and inhomogeneous fibrillated 
structures. Cellulose nanofilm is an ideal smooth 2D platform with large 
surface area to serve as substrate for the adsorption and immobilization of 
functional biomolecules. These nanofilms form a hydrogel interface once in 
contact with water. Biomolecules can stay active and survive for longer 
periods in such hydrogel network. This contribution aims at engineering 
efficient cellulose hydrogel nanofilm (≈10 nm thick) interface of controlled 
crystallinity to quantify interactions and sorption mechanisms of strategic 
biomolecules (BSA, IgM, IgG). 
Novel deuterated cellulose (DC) thin films were produced to provide contrast 
(scattering length density difference) with respect to the adsorbed 
biomolecules for characterization by small angle neutron reflectometry. 
Neutron/Xray reflectivity, AFM and QCM-D measurements were conducted to 
quantify the conformations/morphology, sorption, diffusion and interaction of 
adsorbed biomolecules (BSA, IgG, IgM) on cellulose hydrogel interface under 
kinetically controlled conditions. The effect of pH, ionic strength on the 
conformation of adsorbed molecules was analysed. We will present a critical 
analysis of the current state of cellulose as a biointerface, show recent 
progresses and discuss critical scientific issues in paper biodiagnostics. This 



research aims at developing a novel generation of performant cellulose/paper 
devise for health applications. This fundamental work will be linked with the 
development of our blood typing paper diagnostic now in commercial 
development. 

COLL 705 

Surface design of sulfonated-supramolecular substrates for tethering 
bone morphogenetic protein 2 

Yoshinori Arisaka, arisaka.org@tmd.ac.jp, Nobuhiko Yui. Organic 
Biomaterials, Institute of Biomaterials and Bioengineering, Tokyo Medical and 
Dental University, Tokyo, Japan 

Polyrotaxane is a supermolecule with cyclodextrines (CDs) threaded onto 
polyethylene glycol (PEG) as an axis polymer and has a potential of freely 
sliding and rotational motions of CDs along the chain as molecular mobility. In 
recent years, we clarified the relationship between the cell differentiation of 
mesenchymal stem cells and the molecular mobility on PRX-surfaces. PRX-
surfaces with high mobility were preferable to adipogenic differentiation of the 
cells, whereas PRX-surfaces with less mobility induced their osteogenic 
differentiation. These results suggest that PRX-surfaces are useful tools for 
regulating cell differentiation by tuning the molecular mobility. For the further 
advancement of the differentiation regulation by PRX-based surfaces, we 
designed growth factor-tethered PRX-surfaces to enhance specific 
differentiation. However, covalent immobilization of proteins on polymeric 
surfaces would lead to reducing their bioactivity by strong interaction. On the 
other hands, we have already reported that sulfonated-polyrotaxanes form a 
complex with bone morphogenetic protein 2 (BMP-2) as an inductive 
differentiating factor for osteoblasts, and the complex accelerates the 
osteogenic differentiation of MC3T3-E1 cells as preosteoblasts. In present 
study, we fabricated surface-tethering of BMP-2 via sulfonated-PRX. In 
particular, a sulfonated-PRX triblock copolymer, which consists of a 
sulfonated-PRX as a middle block segment and poly(benzyl methacrylate) as 
both-terminal segments, was coated to substrates by a simple casting 
method. Subsequently, BMP-2 was tethering on sulfonated-PRX surfaces by 
electrostatic interaction. On BMP-2 tethered sulfonated-PRX surfaces with 
less mobility, MC3T3-E1 cells were effectively differentiated into osteoblast 
differentiation by the synergistic effect of the mobility of PRX and tethering of 
BMP-2. 

  



COLL 706 

Blood-vessel-like polymer tubes that can morph their diameter and 
shape in response to stimuli 

Srinivasa R. Raghavan, sraghava@umd.edu, Brady Zarket. Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, 
United States 

Tubular structures in our body such as blood vessels (veins, arteries) as well 
as the intestinal tract have a common structural motif, which is the presence 
of multiple concentric layers, with each layer having distinct composition. Due 
to the multiple layers, these tubes have the ability to respond to their 
environment: for example, the lumen of blood vessels can shrink or expand, 
thereby regulating flow rate and blood pressure. Attempts to synthesize such 
responsive tubes using polymer gels have been limited, and typically involve 
complex fabrication techniques. Here, we report a facile strategy that utilizes 
commercially available reagents for the fabrication of tubes where the wall is 
composed of multiple polymeric layers. This technique utilizes biocompatible 
polymers and allows for precise control over individual layer thickness and 
composition. Tubes synthesized in this manner are robust and flexible. 
Moreover, by incorporating stimuli-responsive polymers into distinct regions of 
these tubes, we can induce changes in tube shape by external stimuli such as 
pH or temperature. In one such example, the tube diameter narrows or 
expands over a particular segment thus mimicking vasoconstriction and 
dilation in blood vessels. In a second example, a tube that is initially a straight 
segment systematically undergoes bending when the stimulus is applied. The 
reasons for such changes in shape will be discussed in this talk. 

COLL 707 

Rapid electroformation of alginate gels into complex shapes for tissue 
engineering 

Srinivasa R. Raghavan, sraghava@umd.edu, Ankit Gargava. Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, 
United States 

Gels of biopolymers such as alginate are routinely used to encapsulate 
biological cells for applications in tissue engineering. These gels are created 
by combining solutions of sodium alginate containing the cells of interest with 
a source of divalent ions like Ca2+. However, typical solution methods cannot 



be used to form the gels in complex shapes such as multilayer tubes or 
patterned sheets. Recently, researchers have studied the electrochemical 
deposition of alginate gels using electric fields; however, these processes only 
generate 2-D films of alginate and their extension to complex shapes is not 
possible. Here, we present an alternative approach for rapidly forming 3-D 
alginate gels upon application of an electric field. In our approach, a molded 3-
D gel of agarose with dissolved CaCl2is placed in a sodium alginate solution. 
These are connected to a DC power source, and when a voltage is applied, 
an alginate/Ca2+ gel is formed around the agarose in a shape that is the 
inverse replica of the original mold. For example, by this method, we can form 
hollow tubes with a wall composed of alginate gel. The alginate tubes are 
transparent and robust, and we can encapsulate cells in the walls of these 
tubes. Also, multiple layers of alginate, each with a different content, can be 
grown in a concentric manner. The method can also be adapted to growing 
alginate gels vertically from a surface in specific patterns. The simplicity and 
versatility of this method will make it attractive to biomedical engineers 
interested in forming alginate gels in specific shapes. 

COLL 708 

Poorly adhesive materials and their affect on cellular metabolism 

Richard Surmaitis2, sirmidas@udel.edu, Carlos J. Arias2, Joseph B. 
Schlenoff1. (1) Florida State Univ, Tallahassee, Florida, United States (2) 
Florida State University, Tallahassee, Florida, United States 

Cell adhesion and proliferation is extremely sensitive to the nature of the 
surface to which they attach. While the degree of cell adhesion on artificial 
surfaces is assessed by simple counting and observation of cell morphology, 
the mechanism for attachment is poorly understood. Aside from cell counting, 
cell “health” on surfaces is typically established by measuring the metabolic 
rate with dyes that participate in the metabolic pathway, or using “live/dead” 
assays with membrane permeable/impermeable dyes. The binary information 
gleaned from these tests – whether cells are attached or not, and whether 
they are living or dead – provides an incomplete picture of cell health. In the 
present work we show that when proliferation rates and net metabolism for 
3T3 fibroblasts adhered to a “biocompatible” polyelectrolyte thin film are 
measured accurately, significant cell metabolic stress is revealed for these 
poorly-adhesive, but well-defined surfaces. Thus, materials which are judged 
to be biocompatible according to whether they are toxic must be carefully 
evaluated for use in biological systems, as their surfaces may induce 
significant stress.  



COLL 709 

Probing forces between stem cells and biomaterials using colloidal 
probe microscopy 

Monika K. Osterberg2, monika.osterberg@aalto.fi, Riina Harjumäki2, 
Robertus W. Nugroho2, Juan Jose Valle-Delgado1. (1) Aalto University, 
Espoo, Finland (2) Department of Bioproducts and Biosystems, Aalto 
University, Espoo, Finland 

Our aim is to understand what interactions between living cells and 
extracellular matrix (ECM) components are crucial for successful cell culture. 
For this purpose we use direct force measurements between living cells and 
various ECM materials. Knowing these mechanisms better could help us to 
create improved tissue models for regenerative medicine and drug testing. It 
is known that stem cells respond to the physical and chemical properties of 
culturing matrices, but so far little is known about the underlying mechanisms 
and its outcomes in stem cell behavior. The studied cells were human 
pluripotent stem cells (line WA07). This cell line has the ability to differentiate 
into all kinds of cells found in the body, but it is very delicate and challenging 
to culture and has not been studied with AFM before. For comparison, more 
robust human hepatocarcinoma cells (HepG2) were also probed. The cells 
were cultured on the substrate and the biomaterials were coated on silica 
probes that were used attached to tipless AFM cantilevers and used as 
colloidal probes (Figure 1). The studied biomaterials were cellulose nanofibirls 
(CNF), laminin, and collagen I and collagen IV. While collagen has been 
studied previously, with other cell types than here, cellulose nanofibirls are 
rather novel cell culturing materials. We also studied the difference between 
forces in the presence of living and dead cells to distinguish between specific 
interactions and interactions due to e.g. surface charge. The measured 
interactions correlated well with observations during cell culturing. The forces 
were dependent on the time the surfaces were kept in contact and obviously 
on the biomaterial. This study shows the applicability of colloidal probe 
microscopy to get a better understanding of the interactions between cells and 
various biomaterials. This knowledge is important for tissue engineering. 

 



 
 
Figure 1 Schematic of the colloidal probe setup and 1x1 µm AFM image of CNF 
coated probe. 

COLL 710 

Nanomaterials for the characterisation of cellular structure and mobility 

Alice King3, alice.king@sussex.ac.uk, Rhiannon Harries3, Sean Ogilvie3, 
matthew large3, Izabela Jurewicz2, Alan Dalton1. (1) Department of Physics, 
University of Surrey, Guildford, United Kingdom (2) Physics, University of 
Surrey, Guildford, United Kingdom (3) University of Sussex, Brighton, United 
Kingdom 

How the structure of cells alters and develops in response to the substrate 
and its neighbours is critical in the development of tissue architecture and 
plays a significant role in cancer metastasis. Extra cellular matrix production 
and cell motility are complex processes that respond dynamically to 
multifarious cues, including chemical and physical signals from the 
environment and from other cells. Increasingly, the role of the topographical 
and mechanical properties of the cells surroundings are being identified as 
key to a cells structural dynamics and mobility, with cells sensing hardness, 
elasticity and stability at the nanoscale. The cytoskeleton makes constant 
modifications in response to these sensing processes using a complex array 
of mechanisms that translate into motion, shape change, communication, 
protein expression etc. Due to this complex response nanomaterials are 
becoming increasingly important for development of tissue scaffolds. By 
controlling the nanoscale structure and chemistry of a substrate it is possible 
to identify specific cellular responses to identified cues. Combining this with 



Raman spectroscopy, which allows for full spectral data collection of a sample 
in a non-invasive technique that can also be used for real-time live-cell 
imaging, we can separate out many cellular-substrate interactions, and begin 
to identify chemistry versus topography response. We use different 2D 
nanomaterials to create patterned substrates with controlled properties and 
investigate the adhesion and motility response of cells to these differences. 

COLL 711 

Self-assembled zwitterionic polymer-curcumin conjugates: Potent nano-
inhibitors against amyloid β-protein fibrillogenesis and cytotoxicity 

Guangfu Zhao, Xiaoyan Dong, Yan Sun, ysun@tju.edu.cn. Department of 
Biochemical Engineering, Tianjin University, Tianjin, China 

Aggregation of amyloid β-protein (Aβ) on neuronal cells is a pathological 
hallmark of Alzheimer’s disease (AD), so the inhibition of Aβ aggregation is an 
preferred strategy for the precaution and treatment of AD. Previous studies 
indicate that curcumin prevents the fibrillogenesis of Aβ and alleviates its 
associated cytotoxicity. However, owing to its poor solubility, the therapeutic 
efficacy of curcumin has been greatly limited. In order to improve its 
bioavailability, curcumin was conjugated to a zwitterionic polymer, 
poly(carboxybetaine methacrylate) (pCB), and the conjugates, Cur@pCB, 
self-assembled into nanogels. The inhibitory activity of Cur@pCB on the 
aggregation and cytotoxicity of both Aβ1-40 and Aβ1-42 was investigated. It 
was found that the Cur@pCB was much more efficient than free curcumin at 
equivalent curcumin concentrations; it greatly decreased the amyloid 
aggregation as detected by thioflavin T fluorescence, retarded the 
conformational transition of the amyloid proteins, changed the aggregates' 
morphology, and thus protected the cultured cells from the toxicity of the 
amyloids by increasing the cell viability from 56% to 84% at an equimolar 
concentration of Aβ, which was twice that obtained with free curcumin. On the 
basis of the experimental findings, a mechanistic model was proposed. The 
structural features of Cur@pCB nanogels promoted its synergetic interactions 
with Aβ in the core of Cur@pCB nanogels, leading to the strong inhibitory 
effect on Aβ fibrillation and the cytotoxicity caused by the aggregation species. 
This work offered new insights into the development of potent nanogels for 
suppressing Aβ fibrillogenesis and cytotoxicity. 
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Characterizing metallomembranes using vibrational sum frequency 
spectroscopy 

Saranya Pullanchery1, saranyapullanchery@gmail.com, Simou Sun1, 
Matthew F. Poyton1, Paul S. Cremer2. (1) Chemistry, Pennsylvania State 
University, State College, Pennsylvania, United States (2) The Pennsylvania 
State University, University Park, Pennsylvania, United States 

Divalent cations interact strongly with negatively charged lipids in biological 
membranes. Understanding the molecular level details of ion-lipid complex 
formation is essential in determining the physiological relevance of such 
interactions. We have used a combination of vibrational sum frequency 
spectroscopy, fluorescence microscopy and thermodynamic measurements to 
unravel the mechanistic details of divalent cation-lipid interactions. Both 
Hofmeister and Irving-William series divalent metal cations can modify the 
structural organization of negatively charged lipid membranes. Vibrational 
sum frequency spectroscopy was performed on Langmuir monolayers 
containing negatively charged phosphatidylserine lipids, in order to 
characterize the binding sites for various ions on the lipid headgroups. We 
found that the interfacial water structure next to the lipid monolayer undergoes 
significant changes as a result of ion binding and the vibrational sum 
frequency spectra of the interfacial water can be used to determine the 
binding constants for the ion-lipid interactions. Additionally, effects of ion 
binding on the structural transitions of these lipid monolayers were 
characterized using surface pressure-area isotherm measurements and 
fluorescence microscopy. These measurements can be directly correlated 
with the spectroscopic data in order to elucidate the mechanism of ion-
induced structural changes in lipid monolayers. 

COLL 713 

Understanding the permeation of charged peptides through model 
membranes using experiment and simulation 

Cari M. Anderson2, canderson45@utexas.edu, Alfredo E. Cardenas1, 
Jennifer Flanagan2, Lauren J. Webb2. (1) Institute for Computational 
Engineering and Sciences, University of Texas at Austin, Austin, Texas, 
United States (2) Department of Chemistry, University of Texas at Austin, 
Austin, Texas, United States 



The cell membrane is vital for life, but it is one of the least understood parts of 
the cell due to its variety of functions and extreme complexity. One of the 
many jobs of the cell membrane is to act as a semi-permeable barrier for 
cells. The mechanism by which membranes allow for the unassisted insertion 
and permeation of specific biomolecules is not well understood. One class of 
peptides that are heavily studied in this field are cell penetrating peptides 
(CPPs). These are short, positively charged peptides that are able to 
penetrate the cell membrane and then drag large cargo in to the cell. One 
question that remains unanswered is the manner in which CPPs penetrate the 
lipid bilayer and why the positively charged CPPs are favored to pass through 
from the high dielectric, aqueous environment to the low dielectric, aliphatic 
environment. 
 
Using a variety of experimental techniques and molecular dynamics (MD) 
simulations, we have investigated these ideas with model membranes to 
better understand what factors play a role in the ability of small peptides to 
permeate the lipid bilayer. Experimentally, we used lipid vesicles composed of 
phosphocholine (PC) lipids and inverse-phosphocholine (CPe) lipids, where 
the partial charges from the choline and phosphate groups are reversed, as a 
model system to determine the effect of lipid head group orientation on the 
permeation of tryptophan at various charges. We then used fluorescence to 
observe the rate of tryptophan permeation and determine what affect the 
charge state of tryptophan, controlled by pH, had on this rate. We find that not 
only does positively charged tryptophan permeate through the lipid bilayer at 
the fastest rate, but it also permeates through the lipid bilayer to a greater 
degree compared to neutral and negatively charged tryptophan. To better 
understand why, we used 2D-IR to see where the strongest interactions 
between tryptophan and lipid molecules are within the lipid bilayer. 
 
In addition to our experimental results, we have modeled our system with MD 
simulations and have calculated the permeation rates for tryptophan at 
various charges permeating through lipid bilayers with both PC and CPe head 
groups. This has helped us begin to determine what role the head group plays 
in the rate of permeation along with the charge of small peptides. With the 
collaboration of experiment and simulation we have begun to draw a picture of 
the dynamic system of CPPs and model membranes. 

COLL 714 

Probing the interaction between antimicrobial peptides and 
biomembranes using small angle scattering techniques 



Josefine E. Nielsen, j.e.nielsen@kjemi.uio.no, Victoria Ariel Bjørnestad, 
Reidar Lund. Department of Chemistry, University of Oslo, Oslo, Norway 

Antibiotic resistance is one of the biggest threats to global health, according to 
the world health organization. Antimicrobial peptides (AMPs) is a group of 
molecules that are a natural part of the human immune system, shown to 
have effect against a broad spectrum of pathogens including both gram 
positive and gram negative bacteria. AMPs seem to be able to evade much of 
the bacterial resistance mechanisms, and are therefore promising candidates 
for future antibiotics. Instead of blocking specific biochemical pathways as 
most available antibiotic agents today, AMPs act physically on the cytoplasmic 
membrane itself. The precise microscopic mechanism for the disturbance of 
the membrane has not fully been proven but several theories has been 
suggested including membrane deformation and pore forming, as well as 
changes in the lipid dynamics, lateral and transversal composition and 
enhanced proton/ion transfer. 
 
Here we have used state of the art neutron and x-ray scattering techniques to 
investigate the microscopic mechanism of action of antimicrobial peptides with 
biomembranes as models for human and bacterial cell membranes. By using 
small angle x-ray scattering (SAXS) we have seen how the peptide influence 
the structure of lipid vesicles, including the thickness of the bilayer as well as 
the location of the peptide within the membrane (an example using Indolicidin 
and DMPC-DMGP vesicles is shown in the figure). 
 
When combining the results from scattering methods, together with other 
complimentary techniques like thermal analysis (using DSC) and study of 
surface interactions (using QCM-D), we gain biochemical and biophysical 
understanding of these systems. This knowledge can be used in the 
development of new antibiotics for the future based on antimicrobial peptides 
designed specifically for the task. 

 



 

COLL 715 

Single molecule detection of biomarker in a nanometric gap structure 
combined with fluid membrane 

Koji Ando1, 137a501a@stu.kobe-u.ac.jp, Fumio Hayashi1, Kenichi 
Morigaki2. (1) Kobe University, Kobe, Japan (2) Research Center for 
Environmental Genomics, Kobe University, Kobe, Japan 

Single-molecule detection of biomolecules is a potentially useful technology 
for diagnostic and biosensing applications. However, single-molecule 
observation in specimens that contain high concentrations of coexisting 
molecules poses technological challenges due to large background noise. We 
developed a nanometric gap structure combined with a fluid lipid membrane 
(nanogap-junction) for selectively detecting specific biological molecules in a 
solution having high concentrations of coexisting molecules. The nanogap-
junction comprised a patterned model membrane (polymeric and fluid 
bilayers), an adhesion layer, and a polydimethylsiloxan (PDMS). By attaching 
the polymeric bilayer and the PDMS sheet with an adhesion layer having a 
finite thickness (lipid-coated silica nanoparticles), a nanometric gap was 
generated between the fluid bilayer and PDMS. In the present study, we 
developed a methodology to observe single molecules of non-labeled 
biomarker in the nanogap-junction. Prostate specific antigen (PSA), a 
prominent biomarker of the prostate cancer, was used as a model. We 
observed PSA molecules by the sandwich immunoassay method, using 
membrane-bound anti-PSA antibody (PS1) and fluorescently labeled anti-PSA 
antibody (PS2). PS1 was attached onto the fluid bilayer either by conjugating 



Fab’ with phospholipid via the click chemistry or by reconstituting pre-
conjugated Fab’-lipid into the bilayer. Single molecules of PSA were observed 
to diffuse laterally on the lipid bilayer in the nanogap-junction. We could detect 
PSA at concentrations where observation by the total internal reflection 
fluorescence was not possible due to the high background noise. These 
results demonstrate the feasibility of nanogap-junction for highly sensitive 
detection. The nanogap-junction offers a versatile platform for broad 
biomedical applications by realizing highly selective and sensitive detection in 
samples containing diverse coexisting molecules. 

COLL 716 

Raftophilicity of membrane proteins in phototransduction evaluated with 
a micropatterned model membrane 

Yasushi Tanimoto1, 133a517a@stu.kobe-u.ac.jp, Sakiko Kojima1, Fumio 
Hayashi1, Akinori Awazu3, Kenichi Morigaki2. (1) Kobe University, Kobe, 
Japan (2) Research Center for Environmental Genomics, Kobe University, 
Kobe, Japan (3) Graduate School of Science, Hiroshima, Higashihiroshima, 
Hiroshima, Japan 

Phototransduction occurs in disk membranes in rod photoreceptor cell via a 
series of membrane-bound proteins, including rhodopsin (Rh), G-protein 
transducin (Gt), and phosphodiesterase6 (PDE6). Rhodopsin kinase (GRK1) 
and S-modulin (S-mod) are involved in the desensitization. Membrane micro-
domains (lipid rafts) are believed to regulate the phototransduction by 
modulating the local accumulation and interactions the proteins. However, the 
regulation mechanisms are poorly understood, partially because the affinities 
of the proteins to lipid rafts (raftophilicity) are not known. In this study, we 
evaluate the raftophilicities of the proteins by using a model membrane having 
patterned liquid ordered (Lo) (raft model) and liquid disordered (Ld) (non-raft 
model) bilayer domains. We reconstituted each protein species and 
microscopically determined the partitioning in the Lo and Ld regions. The 
raftophilicities were influenced by the lipid chains attached to proteins by the 
post-translational modifications. Whereas Rh monomer had a low 
raftophilicity, Rh dimer and its complex with Gt had significantly elevated 
raftophilicities due to four palmitoyl chains (two in each Rh molecule). GRK1 
had a low raftophilicity, indicating that segregation of activated Rh and GRK1 
may enhance the signal transduction. This hypothesis was supported by the 
kinetic simulation model, which showed that the amount and lifetime of excited 
Rh, Gt, and PDE6 increased in the presence of raft. The obtained results are 
generally in agreement with the qualitative results from biochemical studies 



and microscopic observation of disk membranes. Although the presence and 
nature of lipid rafts are still disputed, raftophilicity of membrane proteins 
should be a useful indicator that describes the localization in the cell 
membrane and provides insight into the functional regulation by the lipid 
heterogeneity. 

COLL 717 

In situ methods for tuning membrane structure and lipid mobility in 
polyacrylic acid-cushioned supported lipid bilayers 

Amanda T. Dang2, amtdang@ucdavis.edu, Tonya Kuhl1. (1) Dept. Chemical 
Engineering and Materials Science, University of California Davis, Davis, 
California, United States (2) Materials Science and Engineering, University of 
California, Davis, Davis, California, United States 

The unique composition and dynamic nature of biological membranes enables 
phenomena such as formation of transient domains, assembly of protein 
complexes, and local changes in mechanical properties. For characterization 
of fundamental aspects of cellular membranes, the biomimetic supported lipid 
bilayer (SLB) presents a stable, well-defined platform for experimentation. 
However, the underlying support dampens undulations and fluctuations of the 
membrane. Softening the interactions by polymer cushions can be beneficial 
for some applications. Here, we discuss two in situ methods of tuning 
membrane structure, lipid mobility, and mechanics in polyacrylic acid (PAA)-
cushioned SLBs: (i) By changing environmental pH and (ii) by specific binding 
of streptavidin protein to the surface of the lipid bilayer. The PAA cushion is 
pH responsive and deprotonates and swells under alkaline conditions. 
Neutron reflectivity and fluorescence recovery after photobleaching (FRAP) 
reveal that lipid mobility diminishes when the PAA cushion is collapsed 
(pH<6), but is restored when the cushion is swollen. Under alkaline conditions, 
the supported membrane is still conformal to the cushion, but the interaction is 
weakened. We find that binding of streptavidin to a gel-phase PAA-cushioned 
bilayer stiffens the membrane and reduces undulations on the swollen 
cushion, offering insight into mechanical responses of lipid bilayers to 
potential stimuli in biological settings. 

COLL 718 

Membrane thickness-mediated protein-protein interactions in 
multicomponent lipid systems 



Emily Ho2, emilyho@princeton.edu, Mikko Haataja1. (1) Princeton University, 
Princeton, New Jersey, United States (2) Physics, Princeton University, 
Princeton, New Jersey, United States 

Recently, Kahraman et al. investigated protein-protein interactions in a single-
component bilayer membrane, mediated through thickness deformations of 
the membrane. In multicomponent membranes, however, the interaction 
energy associated with the insertion of proteins with a hydrophobic mismatch 
into the membrane should be reduced (relative to the single-component case), 
as lipids with different equilibrium thicknesses will spatially segregate so as to 
"screen" the protein-induced thickness variations. To account for such effects, 
in the present work, we introduce a local mole fraction of lipids with larger 
equilibrium thickness into the model of Kahraman et al., and quantify their 
effect on protein-protein interactions via both numerical and analytical 
methods. 

COLL 719 

Investigating the dynamics of phosphatidylinositide lipids in supported 
bilayers 

Simou Sun1, sxs1145@psu.edu, Danixa R. Melendez2, Chang Liu1, Tinglu 
Yang1, Paul S. Cremer1. (1) The Pennsylvania State University, University 
Park, Pennsylvania, United States (2) Chemistry, University of Puerto Rico, 
Cayey, Puerto Rico, United States 

Phosphatidylinositides (PIs) are a family of phospholipids that play important 
roles in a variety of biological events, such as intracellular signaling, protein 
targeting and function as well as cytoskeletal attachment. When incorporated 
into supported lipid bilayers (SLBs) on glass substrate, PIs exhibit anomalous 
behavior with slow lateral mobility and unexpected interleaflet movement. We 
investigated these dynamics by using fluorescently labeled PI molecules and 
employing fluorescence recovery after photobleaching (FRAP). It was found 
that salt, temperature and cationic polypeptides all had significant effects on 
both the lateral and interleaflet dynamics of these lipids. Moreover, we 
demonstrated that by coating the glass substrate with a hydrophilic polymer, 
the dynamic of PIs could be significantly altered and the quality and stability of 
these PI-containing SLBs was markedly improved. Moreover, different 
resultant surface properties of the polymer coatings could be correlated with 
their morphology as observed by atomic force microscopy. Finally, we were 
able to construct a PI-based sensor on the SLBs. Again, it was found that the 



response of the sensor could be shown to vary depending upon the nature of 
the underlying substrate that was supporting the SLBs. 

COLL 720 

Out-of-plane alignment and in-plane growth of domain in lipid multilayer 
upon surface ion binding 

Suho Lee1, suho91@kaist.ac.kr, Yuno Lee2, Ji Hyun Bak2, Dae-Woong 
Jeong1, Jahee Lee1, Hyun Hwi Lee3, Changbong Hyeon2, Myung Chul 
Choi1. (1) Dept of Bio and Brain Engineering, KAIST, Daejeon, Korea (the 
Republic of) (2) KIAS, Seoul, Korea (the Republic of) (3) PAL, Pohang, Korea 
(the Republic of) 

Since lipid raft hypothesis was first suggested in 1997, numerous researches 
on the role of this ordered domain in cell membrane have been followed. It 
has been reported that lipid raft provides a solid support for many membrane 
associated proteins, thus is deeply associated with various cellular processes 
from signaling transduction pathway to disease development. Recently, 
alongside with studies on the physics and chemistry of single lipid domain, 
interaction between domains across distinct bilayers has attracted much 
attention. It is involved in important biological functions such as immune 
response, cell-cell interaction, synaptic vesicle fusion and even has 
engineering application on drug delivery and biochip. Here, we report out-of-
plane alignment and in-plane growth of ordered domain in phase separated 
lipid multilayer upon specific ion binding onto the membrane surface. By using 
synchrotron X-ray reflectivity and fluorescence microscopy, we observed that 
addition of calcium ion changes interlayer distance between the bilayers, thus 
leads domain alignment and growth. Further, we also tested the effect of 
entropic force on the domains and compared it with ion binding case. 

COLL 721 

Enzymatic strategies of de novo phospholipid membrane formation 

Ahanjit Bhattacharya1, ahbhatta@ucsd.edu, Neal K. Devaraj2. (1) Chemistry 
and Biochemistry, University of California San Diego, La Jolla, California, 
United States (2) Chemistry and Biochemistry, University of California, San 
Diego, La Jolla, California, United States 

Phospholipid membranes are employed in numerous practical applications 
such as the study of protein-membrane interactions, drug delivery, origin-of-



life research, and artificial cells. While the capability of phospholipids to self-
assemble into membranes is well characterized, the de novo synthesis and 
formation of membranes from simple precursors is poorly understood. In this 
work we have shown that, a simple, facile and chemoselective reaction 
between activated fatty acid derivatives (adenylates) and an amine-
functionalized lysolipid can be used to drive the synthesis of phospholipids, 
which self-assemble to form micron-sized vesicles. Fatty acyl adenylates were 
generated by a mycobacterial fatty acyl adenylate ligase, thereby opening up 
the possibility of linking gene expression with phospholipid synthesis. We 
have also shown for that, lipid synthesis can be carried out in very high yield 
following the expression of the enzyme in a recombinant 
translation/transcription expression system (PURExpress®). This could be a 
significant step towards construction of a minimal artificial cell and also can 
provide insight towards mechanisms leading to origin of life and evolution of 
membrane synthesis machinery. 

 

COLL 722 

Pulsatile gating of giant vesicles containing macromolecular crowding 
agents induced by colligative non-ideality 

Wan-Chih Su2, wcsu@ucdavis.edu, Douglas L. Gettel3, Morgan Chabanon4, 
Padmini Rangamani4, Atul N. Parikh1. (1) Biomedical Eng/Chem. Eng. Mater. 
Sci., University of California, Davis, Davis, California, United States (2) 



Chemistry, University of California, Davis, Davis, California, United States (3) 
Chemical Engineering, University of California, Davis, Davis, California, 
United States (4) Mechanical and Aerospace Engineering, University of 
California San Diego, La Jolla, California, United States 

The ability of large macromolecules to exhibit non-trivial deviations in 
colligative properties of their aqueous solutions is well-appreciated in polymer 
physics. Here, we show that this colligative non-ideality subjects giant lipid 
vesicles containing macromolecular crowding agents – such as 
poly(ethylene)glycol, dextran, and their mixtures – to strong osmotic pressure 
differentials when bathed in small molecule osmolytes, i.e., sucrose or 
glucose, at comparable concentrations. The resulting osmotically-propelled 
influx of water across the semi-permeable membrane stretches the membrane 
boundary activating transient, but damped, pulse-wise oscillations in size, 
tension, and the spatial organization of membrane components in a cyclical 
manner en route to equilibration. Mediated by periodic, synchronized pore-
formation events, these swell-burst cycles orchestrate pulse-wise ejection of 
macromolecules from the vesicular interior. Furthermore, these experimental 
observations are fully corroborated by a theoretical model upon explicitly 
incorporating the contributions of solution viscosity, solute diffusivity, and 
colligative non-ideality due to macromolecular crowding in a continuum 
description, which combines membrane elasticity, continuum transport, and 
statistical thermodynamics. Our observations recapitulate behaviors of lipid 
vesicles and red blood cells experiencing sudden osmotic shocks due to large 
(hundreds of osmolars) differences in the concentrations of small molecule 
osmolytes and link intravesicular macromolecular crowding with membrane 
remodeling. They further offer an important insight: Any significant deviation in 
macromolecular encapsulation, such as spontaneous under- or overcrowding, 
in single giant vesicles is unlikely, absent specific interactions with membrane 
lipids, owing to these osmotically generated swell-burst cycles, which acts to 
null concentration difference across vesicular compartments. 

 
 



COLL 723 

Talking heads: A conversation between co-surfactant head groups at the 
oil-water interface 

Regina Ciszewski2, reginac@uoregon.edu, Benjamin Muller2, Geraldine L. 
Richmond1. (1) University of Oregon, Eugene, Oregon, United States (2) 
Chemistry, University of Oregon, Eugene, Eugene, Oregon, United States 

The synergy displayed between co-surfactants is valuable from an 
environmental, ecological, and toxicological perspective. Working in 
conjunction, mixed surfactant systems can be used in lower concentration 
regimes and display surprising surface activity. Although the general behavior 
of co-surfactant adsorption to interfaces has been previously studied many 
questions concerning the role of the head group orientation and charge, as 
well as the immersion depth of the polar head group into the aqueous phase 
are not yet well understood. By using vibrational sum frequency (VSF) 
spectroscopy, we are able to extract molecular level details on how 
cetyltrimethylammonium bromide, a common cationic surfactant, interacts with 
various chain length alcohol co-surfactants directly at this buried liquid-liquid 
interface. This study is one of the first to examine the synergistic behavior 
between a cationic and non-ionic co-surfactant system directly at the oil-water 
interface. Furthermore, VSF provides valuable molecular insights into the 
structural orientation and packing dynamics between both the apolar tails and 
the polar head group modes of co-surfactants at the interface. 

COLL 724 

New insights on interfacial structure of polymer/surfactant complexes 

Brandon Schabes, brandonschabes@gmail.com, Rebecca Altman, 
Geraldine L. Richmond. University of Oregon, Eugene, Oregon, United States 

Polymer/surfactant interactions are well known to be important in 
emulsification, industrial, environmental, and biomedical applications. It has 
long been observed that combinations of polyelectrolytes and charged 
surfactants exhibit tunable synergy and enhanced interfacial behavior. What 
remain unknown are the molecular-level details of these interfacial 
macrostructures. Nonlinear spectroscopy can elucidate these details, but so 
far the technique has only been applied at the air/water interface, and on 
relatively few polymer/surfactant systems. The studies to be presented 
examine the interfacial molecular properties involved in the co-adsorption of 



deuterated cetrimonium bromide (CTAB) and poly(acrylic acid) (PAA) at an 
oil/water interface, with insights related to drug delivery and emulsion stability. 
Vibrational sum frequency spectroscopy is used to measure the vibrational 
features of the surfactant and polymer at the interface, complemented with 
additional surface tension, zeta potential, and dynamic light scattering studies. 
The results show a complex interfacial structure which is highly dependent 
upon both the polymer concentration and surfactant/polymer ratio. At dilute 
concentrations, only the surfactant layer is highly structured, but as the 
polymer concentration increases, we first see an increase and then a 
decrease in total order. By isolating each component’s vibrational resonances, 
our studies have shed light on the specific environment for individual polymer 
and surfactant moieties. 

COLL 725 

Structure-function relationships and worm-like micelle formation of 
novel carbohydrate-based surfactants 

Jackson Moore1, jackson.moore@monash.edu, Christopher Garvey2, Liliana 
de Campo2, Anna Sokolova2, Brendan Wilkinson3, Rico Tabor1. (1) School of 
Chemistry, Monash University, Melbourne, Victoria, Australia (2) Australian 
Nuclear Science and Technology Organisation, Sydney, New South Wales, 
Australia (3) University of New England, Armidale, New South Wales, 
Australia 

The use of carbohydrates as non-ionic surfactant head-groups is 
advantageous as they are naturally abundant, generally biocompatible and 
biodegradable, and readily functionalized. Here, seven novel carbohydrate 
based surfactants (CBS) have been synthesized with varying alkyl chain 
length. The aqueous self-assembly of these surfactants was explored using 
small-and ultra-small-angle neutron scattering (SANS and USANS). We 
observed elongation from spherical to cylindrical micelles with increasing alkyl 
chain length. Longer alkyl chains exhibited pronounced Krafft points, yet 
formed worm-like micelles as single components upon heating to 45–50°C. A 
slight structural modification facilitated production of similar worm-like micelles 
at room temperature. These worm-like micelles were further characterized 
using rheo-SANS and rheology, revealing that they exhibit near ideal Maxwell 
behaviour. These results demonstrate a promising molecular candidate for the 
formation of viscoelastic worm-like micellar solutions. 

 



 

COLL 726 

Molecule dynamics simulations of the fluorinated and fluorine-free 
surfactant monolayers at air-water and heptane-water interfaces 

Xiaohong Zhuang, xiaohongzhuang1924@gmail.com, Ramagopal 
Ananth. Chemistry Division, Naval Research Laboratory, Washington, District 
of Columbia, United States 

The aqueous film forming foam (AFFF) is a highly effective for pool fire 
suppression. However, the fluorocarbon surfactants contained in AFFF are 
not very biodegradable and cause severe environmental problems because of 
the highly stable C-F bonds. Therefore, it is critical to develop fluorine-free 
surfactants that can minimize the fuel vapor transport through the lamellae 
(bubble walls) and increase lamellae stability for effective fire suppression. 
The objective of this work is to study the properties of the surfactant 
monolayers at fuel/water and air/water interfaces, and their interactions with 
the fuel by molecular dynamics (MD) simulations. A valid computational model 
of the lamella interfaces in the aqueous foam can be used to develop 
understanding of the dependence of lamella properties on the surfactant’s 
molecular structure. This will provide structural features of potential 
surfactants for synthesis and experimental investigations, and facilitate the 
development of new and effective firefighting aqueous foams. To reach this 
goal, in the current stage, we simulated two hydrocarbon surfactants, a 
perfluorocarbon surfactant, and a siloxane surfactant. The MD simulated 
surface area per surfactant molecule and surface tension agree well with 



experimental data, which validate the force field and simulation method used. 
The other properties of interfaces, such as interfacial tensions, Gibbs 
elasticity, and zeta potential, are also computed and compared to the 
available experimental or computational data in the literatures to further 
validate the method. The interfacial thicknesses, and the radial distribution 
function are obtained for better understanding of the interface systems. 

COLL 727 

Gibbs ensemble Monte Carlo simulations for additive loading in 
surfactant bilayers 

Mona S. Minkara1, mona.minkara@gmail.com, J I. Siepmann1,2. (1) 
Chemistry and Chemical Theory Center, University of Minnesota, 
Minneapolis, Minnesota, United States (2) Chemical Engineering and 
Materials Science, University of Minnesota, Minneapolis, Minnesota, United 
States 

Understanding solute uptake into soft micro-structured materials, such as 
bilayers and micelles, is of specific interest in the pharmaceutical, agricultural, 
and personal care industries. Currently, there are continuum-solvation 
methods available that can rapidly estimate the amount of a solute that will 
load into these soft micro-structured materials. However, these methods do 
not give any insight into the structural orientation and positioning of the 
solutes at a molecular level. To obtain this insight, we utilize the Shinoda-
Devane-Klein (SDK) force field in conjunction with configurational-bias Monte 
Carlo simulations in the osmotic Gibbs ensemble. One simulation box 
contains a lamellar system comprised of a bilayer formed by triethylene glycol 
mono-n-decyl ether (C10E3) surfactants surrounded by water with a 50/50 
surfactant/water weight ratio. This simulation cell is allowed to undergo 
volume and shape fluctuation, by changing either the z cell length 
independently or the x and y cell lengths in a coupled fashion and is found to 
have a stable lamellar phase in agreement with experiment. The other 
simulation box is a vapor-phase reservoir containing solute molecules at a 
constant applied pressure, and only solute molecules are allowed to transfer 
between the two simulation boxes. We study both the adsorption isotherm and 
structural effects of n-nonane, 1-hexanol, and ethyl butyrate on the bilayer at 
several different reduced pressures with respect to the saturated vapor 
pressure of the solutes. We observe that both ethyl butyrate and 1-hexanol 
load closer to the water and hydrophilic end of the surfactant, while n-nonane 
loads closer to the center of the bilayer, towards the hydrophobic end of the 
surfactant. These differences in the spatial distribution of the additive 



molecules lead to distinct changes in the structure of the bilayer. Our methods 
can be extended to study the binary and ternary loading of n-nonane, 1-
hexanol, and ethyl butyrate into a C10E3 bilayer. 

COLL 728 

Zwitterionic and charged lipids form remarkably different structures on 
nanoscale oil droplets in aqueous solution 

Yixing Chen, Halil Okur, Cornelis Luetgebaucks, Sylvie Roke, 
sylvie.roke@epfl.ch. EPFL, Lausanne, Switzerland 

The molecular structure of zwitterionic and charged monolayers on small oil 
droplets in aqueous solutions is determined using a combined second 
harmonic and sum frequency study. From the interfacial vibrational signature 
of the acyl chains and phosphate head groups, as well as the response of the 
hydrating water, we find that zwitterionic and charged lipids with identical acyl 
chains form remarkably different monolayers. Zwitterionic phospholipids form 
a closely packed monolayer with highly ordered acyl tails. In contrast, the 
charged phospholipids form a monolayer with a low number density and 
disordered acyl tails. The charged head groups are oriented perpendicular to 
the monolayer rather than parallel as it is the case of zwitterionic lipids. These 
significant differences between the two types of phospholipids indicate 
important roles of phospholipid head groups in the determination of properties 
of cellular membranes and lipid droplets. The observed behavior of charged 
phospholipids is different from expectations based on studies performed on 
extended planar interfaces, at which condensed monolayer are readily 
formed. The difference can be explained by nanoscale related changes in 
charge condensation behavior which has its origin in a different balance of 
interfacial intermolecular interactions. 

COLL 729 

Transition of unilamellar cationic liposomes to bilamellar structures 
through the depletion effect 

Yueheng Zhang2, yzhang14@tulane.edu, Jaspreet S. Arora2, Jibao He3, 
Vijay T. John1. (1) Tulane Dept of Chem Bio Engr, New Orleans, Louisiana, 
United States (2) Chemical and Biomolecular Engineering, Tulane University, 
New Orleans, Louisiana, United States (3) Coordinated Instrumentation of 
Facility, Tulane University, New Orleans, Louisiana, United States 



Charged vesicle suspensions have found an increased use in drug delivery, 
micro/nanoreactors, gene delivery, fabric enhancers and cosmetics. 
Microstructural transformations in cationic unilamellar vesicles are studied by 
the addition of crowding species to the vesicle solution to induce depletion 
interactions. We investigated the change in the morphology of cationic 
DOTAP-cholesterol unilamellar vesicles based on such mechanisms with a 
view to understanding the fundamentals of liposome structure in DNA plasmid 
encapsulation and gene delivery. Starting with model small molecule and 
polymer-based crowders, we show the generation of depletion attraction 
forces which act in conjunction with electrostatics and membrane elasticity to 
cause vesicle deflation and the formation of stomatocyte intermediate 
structures. The self-fusion of the stomatocytes results in the formation of 
bilamellar vesicles, while the wrapping of stomatocyte on the intact vesicles 
leads to the formation of multilamellar vesicles. The transitions from 
unilamellar to bilamellar structures induced by different crowding species 
along with intermediate morphologies are illustrated using cryo-TEM and 
small angle neutron scattering (SANS) analysis. This crowding induced bilayer 
transformation can be helpful in designing drug and gene delivery systems. 

 
 
 
 
 



COLL 730 

Finding new eco-friendly dispersants for oil-spill remediation: Lignin 
based solutions for oil-herding 

Jin Gyun Lee, jlee229@lsu.edu, Jordan Cantrell, Bhuvnesh 
Bharti. Department of Chemical Engineering, Louisiana State University, 
Baton Rouge, Louisiana, United States 

Oil spill on the ocean and coastal waters has adverse impact on marine life 
and other related ecosystems. Oil-herding is one of the most promising 
methods of managing such large-scale oil-spills. In this herding process, a 
liquid solution of an amphiphile is added to the oil-slick, which confines the oil 
to a small pile. This oil pile can be further burnt leaving behind an oil-free 
surface. Currently used silicone based oil herding agents are non-degradable 
and have toxic impact on the surrounding environment. Therefore, it is 
eminent to develop new dispersants and formulations of biocompatible 
amphiphiles with improved oil-herding properties and minimum environmental 
impact. Lignin is one such naturally derived biopolymer where its microbial 
decomposition in the environment transforms it into non-toxic low-molecular 
weight sub units. Here, we will introduce lignin dispersions as a new eco-
friendly alternative for oil-spill remediation. The adsorption of lignin on oil-
water interface and its oil-herding efficiency will be presented as a function of 
lignin concentration and dispersion salinity. The effect of increasing lignin 
concentration on oil-water interfacial-tension and interfacial-rheology will be 
presented within the context of structuring and self-assembly of the lignin 
molecules at the interface. We will also present the kinetics of the lignin 
induced oil-herding process and the impact of lignin amount on the long-term 
oil-pile stability. The fundamental principles presented here will lay a 
foundation for fabricating next generation of eco-friendly oil-herders using 
lignin materials and other biocompatible amphiphiles. 

COLL 731 

Foam control agent development for food processing 

Xue Chen2, chen2c7ab2@dow.com, Sandra Ospino2, Margaret Whitley2, 
Michael Tulchinsky2, Wei Gao3, Tianlan Zhang1, Felipe Donate2, Adeline 
Ossola2, Paula Cameron2, Ben Radtke2, Steve King2, Clark Cummins2. (1) 
Core R&D, The Dow Chemical Co, Collegeville, Pennsylvania, United States 
(2) The Dow Chemical Company, Manvel, Texas, United States (3) Core 
R&D, The Dow Chemical Company, Collegeville, Pennsylvania, United States 



In the food-processing industry, foam can be generated at various points in 
the production process. The occurrence of foam, which can significantly 
impact food processing, is predominantly caused by surface-active 
substances such as proteins, fatty acids and starches contained in the food. 
Mechanical methods of foam management have limited effectiveness; 
therefore, the addition of foam control agents is considered more practical. 
For food processing applications, traditional defoamers are silicone-based or 
ethylene oxide/propylene oxide copolymers. In some geographies, a 
preference for naturally derived defoamers has spurred the development of 
new, bio-based foam control agents. In this presentation, several new 
materials which showed excellent defoaming properties for sugar beet or 
potato processing will be discussed. The fundamental properties of the 
defoamers such as surface tension, cloud point and CMC were investigated to 
better understand structure/property relationships that lead to improved foam 
control. 

COLL 732 

Self-assembled monolayers derived from unsymmetrical 
spiroalkanedithiols having hydrophobic and hydrophilic tailgroups 

Rashid Ghanbaripour, rghanbar@central.uh.edu, T Randall Lee, 
trlee@uh.edu. University of Houston, Houston, Texas, United States 

This presentation describes the synthesis of a two-chain unsymmetrical 
spiroalkanedithiol containing a hydrophilic triethylene glycol (PEG) moiety on 
one chain and a hydrophobic partially fluorinated alkane on the other. 
PEGylated surfaces are commonly used to prevent biofouling due to their 
protein-resistant properties. The preparation of mixed self-assembled 
monolayers (SAMs) from hydrophobic and hydrophilic molecules is 
challenging due to their tendency to phase separate. Employing one molecule 
that contains two chains with opposing properties will address this issue and 
form a model surface for the study of adhesion-resistant organic thin films. 
These films will be characterized using ellipsometry, X-ray photoelectron 
spectroscopy (XPS), polarization-modulation infrared reflection-absorption 
spectroscopy (PM-IRRAS), and contact angle goniometry. 

COLL 733 

Composition–driven structural transitions from vesicles to bicelles to 
micells using phospholipid and nonionic surfactant mixtures 



Igor Kevin Mkam Tsengam2, imkamtse@tulane.edu, Marzhana Omarova3, 
Srinivasa R. Raghavan4, Geoffrey D. Bothun5, Alon Mccormick6, Vijay T. 
John1. (1) Tulane Dept of Chem Bio Engr, New Orleans, Louisiana, United 
States (2) Chemical and Biomolecular Engineering , Tulane University, New 
orleans, Louisiana, United States (3) Chemical and Biomolecular Engineering, 
Tulane University, New Orleans, Louisiana, United States (4) Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, 
United States (5) Chemical Engineering, University of Rhode Island, West 
Kingston, Rhode Island, United States (6) Department of Chemical 
Engineering and Materials Science, The University of Minnesota, Minneapolis 
and Saint Paul, Minnesota, United States 

The self-assembly of environmentally benign, food grade lipid and surfactant 
systems is of utmost importance in designing highly efficient systems for oil-
spill dispersion. We focus on a system containing L-α-phosphatidylcholine 
(PC) and Polyoxyethylene (20) sorbitan monooleate (tween 80) that 
spontaneously self-assembles upon transfer from a solvent such as a 
propylene glycol to water. Through small angle x-ray scattering (SAXS) and 
cryogenic transmission electron microscopy (Cryo TEM), we present a 
nanoscale understanding of the phase behavior of these structures. We 
observe a vesicle-to-micelle transition with an intermediate bicelle phase as 
the concentration of tween 80 increases. These structural transitions can be 
attributed to the solubilization of tween 80 into PC lipid bilayer structures 
which eventually leads to a system composed of mixed micelle aggregates. 
The packing limitation in the bilayers induced by the penetration of curvature 
inducing tween 80 (packing parameter ≈ 0.07 and large spontaneous 
curvature) leads to a breakdown of the bilayer structure and eventual 
micellization. We propose that the planar interfaces of the intermediate discoid 
bicelle phase is made up of the long double tailed molecules of PC which 
favor minimal curvature while the single tailed molecules of tween 80 which 
preferentially assume high curvature occupy the rim of the discoid structure. 
The translation of these fundamental concepts to membrane mimetics, drug 
delivery and oil spill dispersion will be briefly described. 

 



 

COLL 734 

Combination of atomic layer deposition and self-assembly of colloidal 
nanoparticles for high-performance gas separation membranes 

Yingbing Jiang1,2, ybjiang@unm.edu, Charles Fan3, Grace Jiang4, Zihao 
Wang1, Yongqian Gao4, Yongming Tian4, Hongxia Zhang4. (1) C&BE and 
E&P S, Univ. of New Mexico, Albuquerque, New Mexico, United States (2) 
CMEM, Univ. of New Mexico, Albuquerque, New Mexico, United States (3) 
Albuquerque Academy, Albuquerque, New Mexico, United States (4) 
Angstrom Thin FIlm Technologies LLC, Albuquerque, New Mexico, United 
States 

The combination of atomic layer deposition and self-assembly of colloidal 
nanoparticles and its application in high-performance gas separation 
membranes will be introduced in this talk. Selectively permeable membranes 
with high flux and selectivity are important for many applications such as 
water desalination, H2 purification, CO2 capture, as well as selective ion 
transport for fuel cell and lithium batteries. Reduced membrane thickness and 
precise pore size/chemistry control are the keys for achieving combined high 
flux and selectivity. Membranes in natural biological systems can be down to 4 
nm in thickness and the pores are precisely constructed by molecular 
assembly, leading to unbeatable performance when compared to synthetic 
industrial membranes that are difficult to be fabricated with similar molecular 
level precision and are typically 100-1000 times thicker. ALD is a layer-by-
layer deposition method that builds up a thin layer with atomic precision in 



structure and compositions. Here we introduce the membrane fabrication by 
the combination of colloidal self-assembly and a “plasma-defined” ALD 
process where the location of ALD modification is confined by plasma 
irradiation. Using this approach, hierarchically structured sub-50nm thick ultra-
thin membranes with precisely defined pore size and pore surface chemistry 
have been successfully formed. Excellent performance in CO2 and oxygen 
separation was achieved. 

COLL 735 

Phase transferable polymer encapsulated bimetallic nanoparticles 

Shane Street2, sstreet@ua.edu, Matthew Confer1. (1) The University of 
Alabama, Tuscaloosa, Alabama, United States (2) Chemistry, The University 
of Alabama, Tuscaloosa, Alabama, United States 

Polymer encapsulated nanoparticles (NPs) have potential applications in 
devices, biomedical nanotechnology, and as catalysts. It is known that such 
particles retain their catalytic activity in solution as pseudo-homogeneous 
catalysts, effectively bridging homogeneous and heterogeneous catalysis. 
Here, a method to separate NP catalysts from a reaction mixture is 
demonstrated which involves making the encapsulating polymer phase 
transferable between immiscible organic and aqueous phases. 
Polyethyleneimine, a water soluble cationic polymer, was modified to be 
soluble in a water immiscible organic phase (hexane) via partial 
monoalkylation by reductive amination of terminal amines using aldehydes. 
The product has secondary amines which are protonatable to allow for 
shuttling between phases. A “one pot” co-reduction of modified 
polyethyleneimine encapsulated CuPt bimetallic NPs was used to produce 
phase transferable catalysts. The structure and activity of the NPs 
encapsulated in the polymer substrate are dependent of their mechanism of 
formation, including solvent environment. These particles can catalyze both 
aqueous phase reactions (e.g. dehydrogenation of ammonia borane) and 
organic phase reactions (e.g. Suzuki coupling). The polymer encapsulated 
bimetallic NPs have been evaluated for activity, separation efficiency, and 
reuse in reactions in either phase. 

COLL 736 

Autoperforation of 2D materials for generating two terminal 
memresistive Janus particles 



Albert T. Liu1, t.albert.liu@gmail.com, Pingwei Liu1, Michael Strano2. (1) 
Chemical Engineering, MIT, Cambridge, Massachusetts, United States (2) 
Chemical Engineering, 66-566, MIT, Cambridge, Massachusetts, United 
States 

Graphene and other 2D materials possess desirable mechanical, electrical 
and chemical properties for incorporation into or onto novel colloidal particles, 
potentially granting them unique electronic functions. However, this 
application has not yet been realized because conventional top-down 
lithography scales poorly for the production of colloidal solutions. Due to its 
inherent stochasticity, brittle fracture is seldom used as a fabrication method 
for materials at the nanometer scale. However, Griffith theory allows for the 
imposition of a specific strain field that can guide fracture along a pre-set 
design. Herein, we show that this autoperforation provides a means of 
spontaneous assembly for surfaces comprised of 2D molecular surfaces. 
Chemical vapor deposited mono- and bi-layer graphene, molybdenum 
disulfide, or hexagonal boron nitride (hBN) can autoperforate into circular 
envelopes when sandwiching a microprinted polymer spot of nanoparticle ink, 
allowing lift-off and assembly into solution. The resulting colloidal 
microparticles have two independently addressable, external Janus faces that 
we show can function as an intraparticle array of parallel, two terminal 
electronic devices. As an example, we print a 0.9 wt% black phosphorous 
(BP) nanoflake-in-polystyrene (PS) ink into mono-layer graphene sandwich 
particles, resulting in micro-particles possessing non-volatile, 15 bit memory 
storage via a spatially addressable memresistor array throughout the particle 
interior. Such particles form the basis of particulate electronic devices capable 
of collecting and storing digital information in their environment. 
Autoperforation of 2D materials into such envelope structures allows precise 
compositing of particulate devices, extending nanoelectronics into previously 
inaccessible environments. 

 



 
 
Fracture and crack propagation of graphene layers around a single spot (t = 3.7 to 
4.8 s, scale bars, 100 µm) and multiple spots (t = 6.2-9.4 s, 1000 µm) during liftoff 
under microscope. 

COLL 737 

Surface passivation and supersaturation: strategies for regioselective 
deposition in seeded syntheses 

Alexander Chen1, alnchen@indiana.edu, Mattea M. Scanlan2, Sara E. 
Skrabalak1. (1) Chemistry, Indiana University, Bloomington, Indiana, United 
States (2) Western Illinois University, Platteville, Wisconsin, United States 

Crystal growth theory predicts that heterogeneous nucleation will occur 
preferentially at defect sites such as the vertices rather than the faces of 
shape-controlled seeds. Platonic metal solids are generally assumed to have 
vertices with effectively identical chemical potentials, and also effectively 
identical faces, leading to the useful generality that seeded growth preserves 
the symmetry of the original seeds in the final product. In this talk, we test the 
limits of this generality in the extreme of low supersaturation, in an effort to 
expand the methods available for inducing anisotropic overgrowth. We 



formulate a strategy for favoring localized deposition that differentiates 
between both different vertices and different edges or 
faces, i.e., regioselective deposition. Deposition followed a simple kinetic 
model for nucleation rate, depending on wetting, supersaturation and 
temperature. We demonstrate our ability to independently study the effects of 
varying supersaturation and surface passivation, the latter of which modified 
surface wetting. Regioselective heterogeneous nucleation was achieved at 
low supersaturation by a kinetic preference for high-energy defect-rich sites 
over lower-energy sites. This outcome was also achieved by using capping 
agents to passivate facet sites where deposition was not desired. Collectively, 
the results presented in this talk provide a model for breaking the symmetry of 
seeded growth and for achieving regioselective deposition. 

COLL 738 

Singly dispersed gold nanoshell-bearing cellulose nanocrystals with 
tailorable plasmon resonance 

Nikolay Semenikhin2,3, nsemenikhin3@gatech.edu, Naveen Kadasala1, 
Robert J. Moon3,4, Joseph W. Perry5, Kenneth H. Sandhage1,2. (1) Materials 
Engineering, Purdue University, West Lafayette, Indiana, United States (2) 
Materials Science and Engineering, Georgia Institute of Technology, Atlanta, 
Georgia, United States (3) Renewable Bioproducts Institute, Georgia Institute 
of Technology, Atlanta, Georgia, United States (4) The Forest Products 
Laboratory, US Forest Service , Madison, Wisconsin, United States (5) 
Chemistry and Biochemistry , Georgia Institute of Technology , Atlanta, 
Georgia, United States 

Cellulose nanocrystals (CNCs) can be attractive templates for the generation 
of functional inorganic/organic nanoparticles, given their fine sizes, aspect 
ratios, and sustainable worldwide availability in abundant quantities. Here we 
present for the first time a scalable, surfactant-free, tailorable wet chemical 
process for converting commercially-available CNCs into individual aspected 
gold nanoshell-bearing particles with tunable surface plasmon resonance 
bands. Using a rational cellulose functionalization approach, stable 
suspensions of positively-charged CNCs have been generated. Continuous, 
conductive, nanocrystalline gold coatings were then applied to the individual, 
electrostatically-stabilized CNCs via decoration with 1-3 nm diameter gold 
nanoparticles followed by electroless gold deposition. Optical analyses 
indicated that these core-shell nanoparticles exhibited two surface plasmon 
absorbance bands, with one located in the visible range (near 550 nm) and 
the other at near infrared wavelengths. The near IR band possessed a peak 



maximum wavelength that could be tuned over a wide range (1000-1300 nm) 
by adjusting the gold coating thickness. The bandwidth and wavelength of the 
peak maximum of the near IR band were also sensitive to the particle size 
distribution and could be further refined by fractionation using viscosity 
gradient centrifugation. 

COLL 739 

Synthesis of high performance anisotropic SmCo5 nanomagnets by 
reduction of Co-Sm(OH)3 assembly 

Bo Shen, Bo_shen@brown.edu, Shouheng Sun. Brown University, 
Providence, Rhode Island, United States 

The permanent magnets (PMs) are widely used in industrial technique for 
high-density magnetic energy storage. Among various PMs, SmCo5 is one of 
the most promising materials due to its large coercivity and high Curie 
temperature (Tc = 1020K). To achieve a high-performance magnet, fabrication 
of large aspect ratio anisotropic magnet is needed. Previous physical methods 
like ball milling cause a limit control of the size distribution of particles. Herein, 
we report a new chemical strategy of synthesis anisotropic 
SmCo5nanoparticles (NPs) with good size control. First, we prepared 100 x 10 
nm Sm(OH)3 nanorods from aqueous solution and monodisperse 10 nm Co 
NPs from organic solution, respectively. Then Sm(OH)3 nanorods and Co NPs 
were self-assembled in hexane. The Co NPs can be controlled to grow along 
the Sm(OH)3 nanorods homogenously with Sm:Co molar ratio 1:5. After 
reductive annealing in the presence of Ca, 150-200 nm SmCo5 nanoplates 
were obtained. Following the 2T external magnetic field alignment treatment, 
the hysteresis loop of anisotropic SmCo5 shows a good squareness with a 
coercivity of 3T and a saturation moment of 66.1 emu/g, which are the highest 
value of nanoscale SmCo5 obtained from chemical method. 

COLL 740 

Low-temperature solution synthesis of titanium nitride nanoparticles 

Alexander J. Kuehne, kuehne@dwi.rwth-aachen.de. DWI - Leibniz Institute 
for Interactive Materials, Aachen, Germany, Germany 

Titanium nitride (TiN) nanoparticles represent interesting materials with 
surface plasmon resonances in the visible to near infrared spectrum. TiN is 
biocompatible and chemically inert, making TiN nanoparticles attractive as 



biomedical photoacoustic imaging probes or for optical and photonic 
components. Today, the synthesis of TiN nanoparticles is typically performed 
at high temperatures between 700-1200°C or requires sophisticated vacuum 
technologies (CVD, plasma arc). The morphology of the particles is often ill 
defined, with round particles to cuboidal shapes and the syntheses lead to 
polydisperse sets of nanoparticles. We will present a low temperature (ca. 
300°C) solution-based synthesis of TiN nanoparticles, leading to 
monodisperse cuboidal particles with large crystal domains. The size can be 
tuned between 5 and 100 nm and we will investigate the optical 
characteristics of these TiN nanoparticles. The synthesis will allow for better 
quality and availability and of TiN nanoparticles and in situ surface 
modification will enable more widespread application also in the area of 
biomedical imaging. 

 

COLL 741 

Sophorolipid-coated superparamagnetic iron oxide nanoparticles: 
Synthesis and structure 

Andrea Lassenberger1, andrea.lassenberger@boku.ac.at, Erik Reimhult1, 
Niki Baccile2. (1) Department of Nanobiotechnology, University of Natural 
Resources and Life Sciences Vienna, Vienna, Austria (2) College de France, 
LCMCP CNRS, Paris, France 

Superparamagnetic Iron Oxide Nanoparticles (SPION) are an important class 
of nanomaterials used for biomedical applications like drug delivery, MRI or 
hyperthermia. For these applications SPION are equipped with a polymeric or 



lipid shell to sterically stabilize the SPION and to avoid aggregation and 
precipitation. 
The performance of these nanoparticles (NPS) in biomedical applications 
relies strongly on their structural properties, i.e. size, shape, crystallinity and 
polydispersity of the core as well as stability, density and uniformity of the 
shell. These properties will influence the colloidal stability, protein adsorption 
and thus the interaction of the NPs with the cells of the body. 
We present the synthesis and a throughout in situ synchrotron SAXS and 
SANS structural study of novel sophorolipid coated SPION. 
In situ synchrotron SAXS was used to investigate the formation mechanism 
and intermediate species of the SPION core synthesis by thermal 
decomposition while the morphology and crystallinity of the SPION was 
investigated with TEM. 
In a second step, the hydrophobic shell of as-synthesized SPION was 
replaced by a new biobased ligand: sophorolipid (SL). The glycolipid was 
chemically grafted to the NP surface by using nitrodopamine, a catechol 
derived anchor group to make biocompatible core-shell SPION (SL-SPION). 
The structure of the SL-SPION was studied with small angle neutron 
scattering (SANS) and could be fitted with a core-shell model to reveal the 
thickness of the shell. 
The core-shell structure of the SL-SPION was shown to translate into 
exceptional colloidal stability at high ion and protein concentrations and at 
high temperatures as shown by SANS and DLS. Absent cytotoxicity verified 
the biocompatibility of this new hybrid material. SL-SPION combine the 
superparamagnetic properties of iron oxide with the interesting inherent 
targeting and anti-bacterial properties of sophorolipids resulting in a promising 
new material for biomedical applications. 

 
 
A) SANS and SAXS data showing the core-shell structure of sophorolipid-coated iron 
oxide nanoparticles (SL-SPION). B) TEM micrograph of monodisperse 4.6 nm and 



C) 14.1 nm SL-SPION. Inset in B) and C) electron diffraction pattern and HR-TEM 
revealing the highly crystalline structure of the SL-SPION. 

COLL 742 

Alternate path to formation of co-aligned mesocrystals 

Guomin Zhu4,2, zhuguomin520520@gmail.com, Jennifer A. Soltis1, Jinhui 
Tao3, Benjamin Legg1, Chongmin Wang1, James De Yoreo1,4. (1) Pacific 
Northwest National Lab, Richland, Washington, United States (2) Pacific 
Northwestern National Laboratory, Richland, Washington, United States (3) 
Physical Sciences Division, Pacific Northwest National Laboratory, Richland, 
Washington, United States (4) University of Washington, Seattle, Washington, 
United States 

A diverse class of materials occur as mesocrystals, which are single crystal 
structures consisting of small, distinct, and atomically-aligned domains — a 
characteristic commonly attributed to crystallization through oriented 
attachment (OA). However, many open questions about the fundamental 
drivers and alignment mechanisms underlying mesocrystal formation remain 
unanswered. Iron oxides are an important class of Earth materials known for 
exhibiting OA. Here we focus on crystallization of spindle-shaped hematite 
(Fe2O3) from ferrihydrite (5 Fe2O3 ●9H2O, fh). Our goal is to understand 
processes of both nucleation and ordering of the secondary phase (Fe2O3), as 
mediated by the poorly ordered primary phase (fh). Spindle structure, 
crystallization, and dissolution were probed by high resolution (scanning) 
transmission electron microscopy (HR-(S)TEM), cryo-TEM and liquid cell 
TEM. In particular, we developed a method for tracking individual regions by 
HR-TEM during evolution from fh primary particles to hematite spindles. Our 
results show the spindles consist of atomically aligned domains organized into 
a second-order, hierarchical, rod-like structure penetrated by nm-scale pores. 
This structure forms as follows: First, the fh-to-hematite transformation is 
highly localized, with the initial hematite nucleating on fh surfaces. Second, 
spindles grow by addition of new hematite particles that nucleate from the 
solution. Whether these form directly on existing hematite surfaces or in their 
immediate vicinity — after which they attach across the small remaining gap 
— is unclear. This process can lead to formation of half-spindles with the 
growth direction pointing away from the fh particles and into the bulk solution. 
Consequently, OA does not occur through attachment of fh to hematite, or 
even via random, independent hematite nucleation events followed by 
diffusion and attachment, but rather via an autocatalytic process in which fh 
provides a solute source, but the hematite interface drives the nucleation and 



growth process. We discuss evidence this pathway could be applied to many 
other systems exhibiting similar morphologies. 

COLL 743 

Aggregated gold nanoparticles demonstrate increased surface-
enhanced Raman scattering activity in presence of hydrogen peroxide 

Andrei A. Novikov1, novikov.a@gubkin.ru, Maksim V. Gorbachevskiy1, 
Dmitry S. Kopitsyn1, Mikhail S. Kotelev1, Yuri M. Lvov2,1, Vladimir 
Vinokurov1. (1) Physical and Colloid Chemistry, Gubkin University, Moscow, 
Russian Federation (2) Louisiana Techl University, Ruston, Louisiana, United 
States 

Gold nanoparticles serve as potent substrate for surface-enhanced Raman 
spectroscopy (SERS). We have synthesized nearly spherical citrate-capped 
gold nanoparticles of different size from 20 to 120 nm. Nanoparticles were 
aggregated in chain-like structures due to self-coagulation after step by step 
evaporation on aluminum substrate. These aggregates enhanced the Raman 
signal from model analytes (rhodamine 6G and crystal violet) due to formation 
of “hot spots” – areas with high electric field intensity between the 
nanoparticles brought close to each other. The maximum enhancement 
(above 106) in SERS experiments with 785-nm excitation was provided by 
structures fabricated from 50-nm nanoparticles. In contrast to literature 
reports, such large nanoparticles demonstrated catalytic activity in oxidation of 
dyes with hydrogen peroxide. The catalyzed oxidation of dyes with hydrogen 
peroxide follows first-order kinetics. Surprisingly, in SERS-controlled catalytic 
experiments we observed additional enhancement, probably due to oxidation 
of citrate ligands and additional adsorption of dye molecules onto the vacant 
spots on gold surface. This additional enhancement was not observed in 
control experiments. The maximum additional enhancement was observed 
with 3%(v/v) hydrogen peroxide. Exploiting this phenomenon, we detected 
model analytes at concentration of 5×10-9 M, while it was impossible without 
the hydrogen peroxide addition. 

COLL 744 

Approaches for bridging dissimilar reduction kinetics in the synthesis of 
bimetallic nanomaterials 



Michelle L. Personick, mpersonick@wesleyan.edu, Aidan L. Stone, David 
Solti, Melissa E. King, Haeyoon Jung, Isabella A. Kent. Department of 
Chemistry, Wesleyan University, Middletown, Connecticut, United States 

Bimetallic nanostructures with well-defined surface facets are attractive 
catalytic materials for experimental model studies due to the ability to 
systematically tailor surface atomic arrangement and the synergistic 
interactions between different metals, both of which influence activity and 
selectivity. In particular, structures with a more noble core metal and a dilute 
surface coverage of a more reactive metal can be used to improve product 
selectivity by tuning the binding strength of precursor molecules and 
intermediates on the catalyst surface. However, the design of such materials 
still proves challenging because target compositions, which mix metals such 
as Au and Ag with Pt, Pd, or Cu, can have unfavorable reduction potentials 
coupled with significant lattice mismatch. To overcome these challenges, we 
show that self-limiting overpotential deposition may be employed to couple Au 
and Pt in bimetallic nanoparticles, while simultaneously harnessing the well-
understood chemistry of Au nanoparticle formation to control particle shape 
and surface faceting. This approach enables the formation of Au@Pt core-
shell nanostructures with smooth Pt surfaces as well as tunable surface facets 
and compositions. In addition, we report bimetallic systems of Au and Cu 
which employ underpotential deposition as a mechanism to link dissimilar 
reduction kinetics, and methods for directing growth by limiting galvanic 
exchange in systems of Pd and Cu. 

COLL 745 

Self-assembled porphyrin nanocrystals for efficient visible-light-driven 
hydrogen evolution 

Yanqiu Liu, liuyanqiu7623@163.com, Feng Bai. Henan University, Kaifeng, 
China 

Molecular self-assembly is a powerful method to the synthesis of 
nanostructured materials with fine-tuning of the morphology and size. Through 
designing molecules and supramolecular entities, desired structure and 
function can be achieved. Porphyrin and its derivatives with macrocyclic 
aromatic conjugation system were excellent organic semiconductor materials 
and ideal building blocks based on the unique planar, rigid molecular 
geometry. With recent progress made during several years, we proposed an 
Emulsion-based assembly strategy to fabricate nanostructured porphyrin 
assemblies with programmed geometry and dimensions. By rational control of 



different combinations of porphyrins, surfactants and their concentration, 
hierarchical structured porphyrin nanocrystals (e.g. nanoparticles, Nanorods, 
nanowires and nanobelts) designed with short charge diffusion length, high 
crystallinity and less defects have been fabricated, which exhibit morphology 
and shape dependent photocatalytic hydrogen evolution activities. Molecular 
self-assembly plays pivotal roles in improving both the activity and reliability of 
porphyrin assemblies photocatalysts: (i) These assemblies exhibit collective 
and tailorable optical properties, thereby allowing broader and red-shift 
absorption spectrum, especially in the visible light region. (ii) Owing to the 
existence of surfactants, porphyrin assemblies can achieve the good 
dispersity in water. (iii) Ordered π−π stacks and long-range conjugated π-
delocalization of porphyrin assemblies can reduce the migration distance of 
charge carriers, which mainly contributes to its remarkable photocatalytic 
properties. Overall, these findings present a new platform for the development 
of high-efficiency photocatalysts based on self-assembled supramolecular 
systems. 

COLL 746 

Slippery liquid-infused porous surfaces for cell deformation microfluidic 
devices and cargo delivery 

Alexandra Mendoza2,3, amendoza@chem.ucla.edu, Chuanzhen Zhao2,3, 
Qing Yang2,3, Philseok Kim1, Steven Jonas4,5, Paul S. Weiss3,2. (1) SLIPS 
Technologies Inc., Cambridge, Massachusetts, United States (2) Chemistry 
and Biochemistry, University of California, Los Angeles, Los Angeles, 
California, United States (3) California NanoSystems Institute, University of 
California, Los Angeles, Los Angeles, California, United States (4) David 
Geffen School of Medicine, Pediatrics, University of California, Los Angeles, 
Los Angeles, California, United States (5) Eli & Edythe Broad Center of 
Regenerative Medicine and Stem Cell Research, University of California, Los 
Angeles, Los Angeles, California, United States 

Current materials used in the fabrication of microfluidic devices targeting 
intracellular cargo delivery via rapid membrane deformation clog within 
minutes, rendering them inefficient for sustainable cell processing. We have 
developed a method for coating microfluidic channels, having constrictions 
between 5 and 10 µm in diameter, with slippery liquid-infused porous surfaces 
(SLIPS). These bioinspired surface chemistries enable rapid transport of 
biomolecular payloads (e.g., DNA/RNA, proteins) into target cells via transient 
permeabilization that occurs as cells pass through the narrow microchannels 
and avoid biofouling issues that have precluded existing embodiments of this 



technology. Microfluidic devices were fabricated via a combination of 
photolithographic and porous silicon etching processes, and then infused with 
silicone oil to establish a SLIPS interface. These SLIPS functionalized devices 
will enable new opportunities in the development of gene and cellular 
therapies for a wide variety of disease treatments, which are currently limited 
when applied at clinically relevant scales in part by toxicities and off-target 
effects arising from technical limitations associated with non-viral transduction 
methods (e.g., electroporation). 

COLL 747 

Liquid crystalline particles for delivery of antimicrobial peptides 

Lukas Boge1,2, lukas.boge@ri.se, Anita Umerska3, Nada Matougui3, Helena 
Bysell1, Lovisa Ringstad1, Mina Davoudi4, Jonny Eriksson5, Katarina 
Edwards5, Martin Andersson2. (1) Division of Bioscience and Materials, RISE 
Research Institutes of Sweden, Stockholm, Sweden (2) Chemistry and 
Chemical Engineering, Chalmers University of Technology, Göteborg, 
Sweden (3) MINT University of Angers, Angers, France (4) Department of 
Clinical Sciences, Lund University, Lund, Sweden (5) Department of 
Chemistry – BMC, Uppsala University, Uppsala, Sweden 

The development of antimicrobial resistance is a great challenge within the 
health sector. Antimicrobial peptides (AMPs) are a group of antibiotics that 
have gained more and more attraction recently. However, these peptides 
suffer from relatively low stability due to proteolytic and chemical degradation. 
Carrier systems protecting the peptides are highly needed for achieving 
efficient treatments. The aim of this work was to investigate the use of lipid-
based liquid crystalline phases, and particle dispersions of those i.e. 
cubosomes and hexosomes, as delivery vehicles for AMPs targeting bacterial 
membranes. 
 
Characterization of the liquid crystalline structures was performed using small 
angle x-ray scattering, dynamic light scattering, ζ-potential, and cryogenic 
transmission electron microscopy and peptide loading efficacy by liquid 
chromatography. Antimicrobial effect of the peptide loaded nanoparticles was 
studied in vitro using 7 bacterial strains. Proteolytic protection as well as the 
antimicrobial effect after proteolysis, was also investigated. Interaction 
between the AMP-loaded particles and supported bacterial mimicking 
membranes was performed to investigate the delivery mechanism. 
 
Results showed that AMPs can induce phase transitions in liquid crystalline 



systems, and depended on the nature of the introduced AMP. The peptide 
encapsulation efficacy varied among the different liquid crystalline 
nanoparticles. The peptide encapsulation did also depend on the peptide 
loading strategy used. The In vitro bacterial assays displayed a preserved or 
sometimes a slightly enhanced bacterial killing for cubosomes. Moreover, 
results showed that the particles can protect the proteolytic sensitive peptide 
LL-37 from degradation, resulting in a significant better bactericidal effect after 
proteolysis. 

 
 
Cubosomes (left) and hexosomes (middle) imaged by cryo-TEM. Right: different 
hypothesized peptide delivery mechanisms, namely peptide delivery through release 
or direct interaction between the particle and membrane. 

COLL 748 

Understanding fine textures in touch: The role of fingerprints in 
modulating sliding friction on surfaces and haptic devices 

Charles Dhong, cbdhong@eng.ucsd.edu, Darren J. 
Lipomi. Nanoengineering, UC San Diego, La Jolla, California, United States 

Based on psychophysical studies, we found that human subjects can 
succesfully distinguish between two silicon wafers that essentially differ in 
their surface energy alone. Subjects accurately determined whether a wafer 
was coated with a "hydrophobic", low-energy silane (FOTS), or a "hydrophilic", 
high-energy plasma treatment (SiOH). Despite the clear differences in friction 
coefficients, we do not always observe a difference in friction forces when the 
sliding was recreated using PDMS mock fingers (macroscopic scale). We find 
instead that particular conditions of velocity and mass are needed to recover a 
difference in friction force, and that patterned interfaces ("fingerprints") 



augment these differences across a wider set of conditions. We explain the 
frictional basis of this discriminability using an elastic, patterned, "rate-and-
state" mathematical model. We present the results from our experiments in a 
novel, "discriminability matrix", which highlights conditions under which the 
two surfaces are distinguishable. The mathematical results corrobrate these 
findings, as well as recreating Schallamach waves and other slow frictional 
waves. These new findings could form the basis for a novel method to 
characterize surfaces for human perception. 

 
 
Experiments on human fingers, friction (tangential) and normal force traces, varying 
due to orientation and collision with micropatterned post. Experimental and 
mathematical models of human finger during sliding motion. 

COLL 749 

Versatile glycosurfaces fabrication on poly(pentafluorophenyl acrylate) 
grafted scaffold via hydrazide conjugation and Its application 
in Mycoplasma Pneumoniae 

Li Chen1, lc26509@uga.edu, Caitlin William3, Duncan Krause3, Jason J. 
Locklin2. (1) Chemistry, The University of Georgia, Athens, Georgia, United 
States (2) Univ of Georgia Riverbend Rsch, Athens, Georgia, United States 
(3) The University of Georgia, Athens, Georgia, United States 



We report a convenient and versatile strategy for surface-grafted 
glycopolymer constructs with the goal of surface modification that controls the 
orientation and grafting density of carbohydrate sidechains. This approach 
employs a difunctional hydrazine linker, chemically modified to an active ester 
containing poly(pentafluorophenyl acrylate) grafted scaffold, to conjugate a 
variety of saccharides through their reducing end. The successive conjugation 
steps are carried out under mild conditions and yield high surface densities of 
sugars, as high as 4.8 nmol/cm2, with an intact structure and retained 
bioactivity. We demonstrate this glycosylated surface can bind specific lectins 
according to the structure of its pendant carbohydrate. We also use this 
approach to fabricate sialylated glycosurfaces to study the biological events of 
a human respiratory tract pathogen, Mycoplasma pneumoniae. 

 

COLL 750 

Covalent grafting of antifouling phosphorylcholine-based copolymers 
with antimicrobial nitric oxide releasing polymers to enhance infection-
resistant properties of medical device coatings 



Qiaohong Liu2, qiaohongliu@uga.edu, Priyadarshini Singha3, Hitesh Handa3, 
Jason J. Locklin1. (1) Univ of Georgia Riverbend Rsch, Athens, Georgia, 
United States (2) Chemistry, University of Georgia, Athens, Georgia, United 
States (3) College of Engineering, University of Georgia, Athens, Georgia, 
United States 

Coated medical devices that resist protein adhesion and bacterial 
contamination are highly desirable in the healthcare industry. In this work, an 
antifouling zwitterionic terpolymer, 2-methacryloyloxyethyl phosphorylcholine-
co-butyl methacrylate-co-benzophenone (BPMPC), is covalently grafted to a 
nitric oxide (NO) releasing antimicrobial biomedical grade copolymer of 
silicone-polycarbonate-urethane, CarboSil, to significantly enhance the 
biocompatibility, non-specific protein repulsion and infection-resistant 
properties. Covalent bonding of the BPMPC is achieved through rapid UV-
crosslinking, providing a stable, hydrophilic coating that has excellent 
durability over a period of several weeks under physiological conditions. S-
nitroso-N-acetylpenicillamine (SNAP), the NO donor embedded into CarboSil, 
can release NO for extended periods with very low levels of leaching. The 
protein adsorption test results indicate a significant reduction (~84-93%) of 
protein adhesion. Moreover, bacteria tests show a 99.91 ± 0.06 % reduction of 
viable bacteria compared to control samples on Staphylococcus aureus. This 
work demonstrates a synergistic combination of both antifouling and 
antimicrobial in medical devices using NO donors and zwitterionic copolymers 
that can be covalently grafted to any polymer surface. 

 
 



COLL 751 

Cell separation by thermoresponsive nanofibers using N-
isopropylacrylamide 

Seimei Shiratori3,1, shiratori@appi.keio.ac.jp, Tomomi Konishi3, Jiatu Li1, 
Yuki Tokura1, Mizuki Tenjimbayashi1, Kenta Homma2, Ko Matsukawa2, Aya M. 
Akimoto2. (1) Graduate School of Science and Technology, Keio University, 
Yokohama, Kanagawa, Yokohama, Japan (2) Materials Engineering, Tokyo 
University, Tokyo, Tokyo, Japan (3) Applied Physics and Physico-informatics, 
Keio University, Yokohama, Kanagawa, Japan 

Cell separation technology is required for regenerative medicine and cancer 
therapy. Recently, flow cytometry is used as cell separation technology. 
However, it requires the labeling of cells and bioactivities cannot be 
maintainedafter the labeling. Therefore, cell separation bythermal 
responsiveness is attractive. Since the roughness exists on fibers, their 
hydrophobicity and hydrophilicity are expected to be increased on the surface 
with roughness. Here, we propose cell separation by thermoresponsive fibers 
including poly(N-isopropylacrylamide) (NIPAAm). Poly-NIPAAm is a 
thermoresponsive polymer and it is hydrophilic below lower critical solution 
temperature (LCST) and hydrophobic above LCST. Random copolymer of 
NIPAAm, butylacrylate (BAA) and hydroxyethylacrylamide (HEAAm) was 
formed into nanofiber coating by electrospinning method. The SEM image of 
the fabricated fanofiber showed the uniform fiber structure(Fig.1) . As shown 
in Fig. 2, water contact angle at 27 oC and 40oCwere 38.9o and 
70.6o respectively, and contact angle increased as temperature increased. 
This is due to the thermal responsivility of PNIPAAm included fibers. To 
evaluate the mass change of the cell adsorption and desorption, the NIPAAm 
was also fabricated by electrospinning on quartz crystal microbalance (QCM). 
The wettability was changed according to the temperature that the nanofiber 
became hydrophobic at temperature above LCST and hydrophilic below 
LCST. Since QCM can detect a mass change by frequency shift, cell 
adhesion behavior can be quantified by changing temperature. We consider 
that this technique can be applied to micro sensing of malignant cells and 
early discovery and treatment of any disease. 

 



 
 
Fig.1 SEM image of NIPAAm nanofiber 
 

 
 
Fig.2 Contact angle change of NIPAAm anofiber by thermal response 

COLL 752 

Interactions of gold nanoparticles and skin 

Antonios Kanaras, antoniskan@gmail.com, Rute Fernandes. Physics and 
Astronomy, Institute for Life Sciences, University of Southampton, 
Southhampton, United Kingdom 

Understanding the interactions of nanoparticles with skin is of high importance 
for the development of new ways to deliver drugs efficiently but also in order 
to realize potential toxicity risks. Certainly, the study of the penetration of skin 
with nanoparticles is a complex research task because it involves a number of 
parameters that can not be easily controlled related to the complexity of the 
skin and the type of nanoparticles. 
In this presentation we take a thorough analytical approach to answer key 
questions concerning these interactions. We will particularly focus on how the 
charge, shape and function of nanoparticles influence the penetration through 
skin. For our studies we chose to work with gold nanoparticles due to the ease 



of their surface modification. 
To gain a good understanding, we employ a number of techniques such as 
ICP-OES to quantitatively measure the penetration of nanoparticles, as well 
as two-photon spectroscopy and tem cross sectioning to analytically detect 
the particles in the skin. 

COLL 753 

Nanoparticle-coated surfaces provide quantifiable insight into thermal 
and radiation effects 

Samir V. Jenkins1, svjenkins@uams.edu, Ruud P. Dings1, Michael Borrelli2, 
Robert J. Griffin1. (1) Radiation Oncology, University of Arkansas for Medical 
Sciences, Little Rock, Arkansas, United States (2) Radiology, University of 
Arkansas for Medical Sciences, Little Rock, Arkansas, United States 

Nanomaterials are a rapidly growing field of study in biomedicine, in part due 
to their multimodal functionality and in part due to their capacity for highly 
localized therapeutic effects. Two clinically used local treatments, laser 
thermal ablation and radiotherapy, can both be augmented through the use of 
Au nanomaterials, although the true mechanisms of action remain elusive. 
Many studies on these materials are extremely phenomenological due to the 
complexity of biological systems and the challenges associated with accurate 
quantification. Even accurate quantification still results in bulk average biases, 
i.e. the effect on individual cells is not measured, but rather the effect on the 
population. This uncertainty is confounded by variations among cell types and 
experimental parameters. Toward the goal of performing quantitative 
nanobiology, glass coverslips were uniformly coated with Au nanoparticles at 
different coverage densities. This allowed the effect of an accurate number of 
particles per unit area of the cell membrane to be ascertained. Photothermal-
inducing laser treatment (10 min) was performed on cells growing on these 
surfaces, and much greater cell killing occurred than would be anticipated 
based on bulk temperature changes (<42 °C). Theoretical modeling was used 
to determine the thermal gradient to more accurately define these results. 
Additionally, cells growing on these surfaces were treated with ionizing 
radiation and the radiosensitization as a function of the particle coverage 
density was determined. The surfaces were also coated with increasingly thick 
polymer layers prior to cell seeding to experimentally determine the distance 
dependence of the radiosensitization and whether the electrons generated 
from the surface of the particle were primarily acting on the cell membrane, 
the cell nucleus, or both. This platform has been tested initially using only Au 
nanocages without any active molecules, but ultimately drug loading, surface 



modification, morphology, and material changes will be performed to develop 
a more comprehensive understanding of the mechanisms of action at the 
nanotechnology/biology interface. 

COLL 754 

Nanomaterials for enhancing the resolution of optical coherence 
tomography in the retina 

Marilyn R. Mackiewicz1, mackiewi@pdx.edu, Karen Kinnison1, Jonathan 
Stoddard2, Richard C. Hugo1, Trevor J. McGill2. (1) Chemistry, Portland State 
University, Beaverton, Oregon, United States (2) Department of 
Neuroscience, Oregon Primate Center, Beaverton, Oregon, United States 

Optical coherence tomography (OCT) is standard-of-care retinal imaging 
technique used in the clinic to diagnose and monitor diseases such as age-
related macular degeneration (AMD), glaucoma, and diabetic retinopathy. It is 
also widely employed to study retinal diseases in pre-clinical research in 
animal models where OCT is used to investigate new retinal therapies and 
understand disease progression. While the strength of OCT is its ability to 
visualize individual retinal layers, image contrast is hindered when the retinal 
layers are severely disturbed such as in neovascularization and in biological 
tissues with high reflectivity. Moreover, it is a poor candidate for imaging at the 
molecular level because its source of contrast, scattering from changes in the 
refractive index of materials, does not change significantly between molecules 
such as antibodies and proteins. While strong absorbing agents such as 
organic dyes have enhanced the OCT contrast there are still limitations 
particularly in tissue with neovascularization and very few are FDA approved. 
Recently, the potential of gold nanoparticles as exogenous contrast agents 
and drug carriers in the eye was assessed and the OCT signal was found to 
be very dependent on changes in the refractive index of the material and on 
the nanoparticle (absorber) concentration. Consequently, to fully assess the in 
vivo application of nanomaterials as contrast agents, we need to improve the 
gap in our understanding of the specific inherent nanoparticle features that 
drive nanoparticle stability, nanomaterial-biological interactions (NBI), 
biouptake, toxicity, and changes in the index of refraction or reflectivity in 
highly scattering environments. Here we will discuss the design biomimetic 
gold nanomaterials and the how their physicochemical features (shape, size, 
composition, surface coating and charge) affect cellular uptake efficiency. We 
expect that increased uptake in cells will lead to increase absorber 
concentration and significant changes in refractive index to enhance image 
contrast at the molecular level in vivo using OCT. 



COLL 755 

Antimicrobial amidinourea polymers for treating drug resistance 
bacteria 

Md. Salauddin Ahmed, Joong-ho Moon, jmoon@fiu.edu. Chemistry 
Biochemistry Cp338a, Florida International University, Miami, Florida, United 
States 

There are urgent needs for treating drug resistance infections. While many 
antibiotics target intracellular enzymes, which bacteria cells eventually 
develop drug resistance over the time, antimicrobial polymers are designed to 
disrupt the physical integrity of the bacteria membrane to overcome the drug 
resistance. Here we introduce a new class of antimicrobial polymers 
containing positively charged amidinourea backbones, which resulting 
polymers exhibit the chemical structure and molecular weight dependent 
antimicrobial activity and selectivity. Details on the synthesis and antimicrobial 
activity against broad bacteria including drug resistant bacteria will be 
presented. 

COLL 756 

Dual stimuli platfrom for remotely controlled drug delivery 

Amine M. Laradji4,2, alaradji@uga.edu, Andrey Zakharchenko4,3, Raha 
Saremi4,3, Nataraja Yadavalli4,3, Alexey Gruzd4,3, Sergiy Minko1. (1) The 
University of Georgia, Bishop, Georgia, United States (2) Chemistry, 
University of Georgia, Athens, Georgia, United States (3) TXMI, University of 
Georgia, Athens, Georgia, United States (4) NanoStructured Materials 
Laboratory, University of Georgia, Athens, Georgia, United States 

A novel concept of targeted drug delivery is here reported using a dual-stimuli 
responsive platform. The platform is made of two parts; the first is composed 
of a protein-drug conjugate covalently immobilized on the surface of a silicon 
wafer or on iron oxide magnetic nanoparticles, while the second part consists 
of enzyme-loaded iron oxide magnetic nanoparticles. Upon the combination of 
the two populations and the application of an external magnetic field under the 
protein-drug conjugate, enzyme-coated iron oxide magnetic nanoparticles are 
brought into contact with the conjugate to immediately initiate proteolysis and 
release the model therapeutic. The synthesis of the platform here discussed 
was characterized with ellipsometry, AFM, DLS, and FTIR. The protein 
digestion process was assessed under and without the influence of an 



external magnetic field using fluorescence spectroscopy. The developed 
platform provides new possibilities for a remotely-controlled release of 
therapeutics using energy of a noninvasive weak magnetic field. 

 

COLL 757 

Protein-Induced gold nanoparticle aggregation probed by label-free 
second harmonic light scattering 

Kamini Mishra, mkamya1410@gmail.com, Puspendu K. Das. Inorganic and 
Physical chemistry , Indian Institute of Science, Bangalore, Karnataka, India 

Gold nanoparticle surface provides a biocompatible vehicle for delivery and 
release of a protein or peptide-based therapeutic or diagnostic agent at a 
targeted site. In order to realize this, understanding the interaction of gold 
nanoparticle surface with proteins and peptides is imperative. Here, we have 
studied the interaction of citrate-capped gold nanoparticle (GNPs) with 
lysozyme which is a globular protein by nondestructive label-free second 
harmonic light scattering (SHLS) technique at physiological pH. We have 
taken four different sizes of gold nanoparticle 15, 30, 40 and 70 nm. Due to 
the surface plasmons, GNP gives huge SHLS signal which we have utilized to 
see the interaction between lysozyme and different size of GNPs. We have 
followed the change in the SHLS intensity from nanomolar concentration of 



gold nanoparticles after addition of 20 microL aliquots of lysozyme and fitted 
the experimental data with extended modified Langmuir model. We found that 
the number of lysozyme which adsorbed on the surface of gold nanoparticles 
and induced aggregation of the same varied non linearly with the size of 
GNPs and the binding free energy is around -51 kJ/mol. Free energy change 
reveals that the interaction is weak. 

 
 
Normalized SHLS at 532 nm from 70 nm GNP. Each data point was recorded after 
5−8 min of lysozyme addition when the second harmonic signal became invariant 
with time. The SH intensity was normalized with respect to the SH intensity from 70 
nm GNP before addition of Lysozyme in solution. 

COLL 758 

Unusual p-n heterostructured water-borne nanoparticles exhibiting 
superior charge separation ability 

Yu Jin Kim, yujin.kim@anl.gov, Byeongdu Lee. Argonne National Laboratory, 
Lemont, Illinois, United States 

The use of water-based organic semiconductor nanoparticles (NPs) for 
energy devices has attracted considerable attention as one of the promising 
eco-friendly applications. In particularly, aqueous dispersions of p-n 
heterostructured NPs are a composite of both p- and n-type semiconductors 
contained within a core part of single nanoparticle. Despite their great 



concept, efficient charge carrier kinetics, particularly for charge separation are 
however restricted due to structural limitations of particles. Overcoming these 
limitations, a new class of surfactant, PEG-C60, decorated a polyethylene 
glycol chain on the n-type semiconducting fullerene molecule is introduced. 
The approach here, facilitates unusual p-n heterostructured water-borne NPs 
as a core (p-type semiconcudtor)-shell (PEG-C60) formation, which allows 
superior charge separation effects via effective carrier communications. 
Moreover, the systematic observations for the structural behavior of colloids 
by different material concentrations and processing solvents, and their 
corresponding photo-physical properties suggest that the PEG-C60 plays a 
crucial role in governing the nanoparticle size, shape, formation and charge 
carrier characteristics. Through the current-voltage response measurement, 
charge separation superiority by our unusual core-shell heterostructured 
water-based NPs was also proved. These PEG-C60-based water-borne NPs, 
thus, can open up and provide a new paradigm in the current fields of water-
based semiconductor colloids.  

COLL 759 

Ultrafast dynamics of single aluminum nanostructures 

Man-Nung Su3, ms83@rice.edu, Pratiksha D. Dongare6, Seyyed Ali H. 
Jebeli6, David Renard3, Yue Zhang7, Chongyue Yi3, Wei-Shun Chang4, Peter 
J. Nordlander1, Naomi J. Halas2, Stephan Link5. (1) Rice University, 
Department of Physics MS 61, Houston, Texas, United States (2) Rice Univ 
Ece Dept, Houston, Texas, United States (3) Chemistry, Rice University, 
Houston, Texas, United States (4) Chemistry, MS-60, Rice University, 
Houston, Texas, United States (5) Dept of Chem MS 60, Rice University, 
Houston, Texas, United States (6) Department of Electrical and Computer 
Engineering, Rice University, Houston, Texas, United States (7) Physics & 
Astronomy Department, Rice University, Houston, Texas, United States 

Al nanostructures support tunable surface plasmon resonances and have 
become an alternative to Au nanoparticles. Whereas Au is the most-studied 
plasmonic material, Al has the advantage of high earth abundance and hence 
low cost. In addition to understanding the size and shape tunability of the 
plasmon resonance, the fundamental relaxation processes in aluminum 
nanostructures after photoexcitation must be understood to take full 
advantage of applications such as photocatalysis and photodetection. In this 
work, we investigate the energy relaxation following ultrafast pulsed excitation 
in individual Al nanostructures using single-particle transient extinction 
spectroscopy. We find that the transient extinction signals show some traits 



that cannot be directly explained with the knowledge based on noble metal 
nanostructures. The fact that Al is a Drude-like metal contributes to the 
different optical response to electron and lattice heating. Moreover, we find 
that the native oxide layer on the surface of nanoparticles and the oxide 
content in the metal cores also play important roles on the energy relaxation 
and dissipation. The information learned from this project obtains detailed 
insight into the energy relaxation of Al nanostructures and paves the way to 
utilize the Al nanoparticles for photocatalysts. 

COLL 760 

Fe-L edge spectroscopy reveals the chemistry of iron in nanoscale 
particulate matter 

Ajith Pattammattel1, Henry Forman2, Peggy A. O'Day3, Valerie Leppert4, 
vleppert@ucmerced.edu. (1) School of Natural Sciences, University of 
California, Merced, Merced, California, United States (2) Davis School of 
Gerontology, University of Southern California, Los Angeles, California, United 
States (3) Life & Environmental Sciences, Univ of California Merced, Merced, 
California, United States (4) Materials Science and Engineering, University of 
California, Merced, Merced, California, United States 

Iron is the most abundant transition metal in particulate matter. The bulk 
element compositions of iron and other transition metals are traditionally 
examined to articulate their role in particulate toxicity. However, particles 
collected from ambient air available in microgram quantities are not sufficient 
for some bulk spectroscopy techniques. Here, we used spatially resolved 
scanning transmission electron microscopy (STEM) equipped with energy 
electron loss spectroscopy (EELS) and electron dispersive x-ray spectroscopy 
(EDS) to examine the chemical speciation of iron. Particles (PM 2.5) collected 
from highly polluted Central Valley locations in California (Fresno and Visalia) 
were examined in this study. Submicron to nanoscale particles were identified 
from electron micrographs, and elemental composition of these particles were 
investigated from STEM-EDS microanalysis. The oxidation state of iron in the 
particles was assessed by Fe-L core edge spectroscopy. The collected Fe 
white line spectra were compared to standard compounds with known iron 
oxidation state. Quantitative analysis for oxidation state of iron was realized by 
comparing the Fe-L3/L2 intensity ratio, by following the double atan EELS 
background subtraction approach. The Fe-L3/L2 ratios of the reference 
compounds were validated by synchrotron soft x-ray spectroscopy, operated 
under ambient conditions. We found four distinct types of iron speciation in the 
particles: oxide/oxyhydroxide, metallic, substituted in phyllosilicate minerals, 



and coordinated/deposited on carbon or silica surfaces. The chemical nature 
of iron in atmospheric particles are subject to location, weather, and local 
anthropogenic and geogenic sources. These iron phases have significantly 
different biochemical profiles upon inhalation and this is an essential factor to 
consider in toxicology models. The study methods discussed here are 
applicable to a wide variety of engineered and natural nanophases. 

COLL 761 

Influence of poly-(ethylene glycol) coatings in the surface plasmon 
resonance induced photothermal property of gold nanorod 

Ramesh Marasini1, rameshnature@ksu.edu, Arunkumar Pitchaimani2, Tuyen 
Nguyen1, Santosh Aryal1. (1) Chemistry, Kansas State University, Manhattan, 
Kansas, United States (2) Chemistry, Kansas State University, Manhatan, 
Kansas, United States 

The unique photothermal properties of gold nanorods (AuNRs), due to their 
strong plasmonic effect at near-infrared (NIR) region, have been explored 
widely as an alternative to chemotherapy or in combination for cancer 
treatment. However, its stability in biological media greatly hinders its 
application. Therefore, studies were focused on improving the stability of 
AuNRs by introducing biocompatible surface functionalizations such as 
polyethylene glycol (PEG) coatings. But, PEG hinders the NIR light exposure 
to reach the surface of the AuNR, thereby altering photothermal (PT) effects. 
Herein, we investigated how the various PEG functionalization influence on 
PT efficacy of AuNR. For this study, NIR-responsive AuNRs were synthesized 
using seed-mediated growth method and surface functionalized with different 
molecular weighted PEGs (2, 5, and 10 kDa). In vitro photothermal studies of 
AuNRs suspension in PBS were conducted using near-infrared diode laser 
(λ=808 nm), which showed higher thermal stability when the surface is 
passivated with PEGs as compared to Raw AuNR. Under NIR treatment for 
120 seconds, the temperature of the bulk suspension reached to 82°C. It has 
been observed that the increase and distribution of temperature throughout 
the suspension were greatly influenced by PEG length. Our observation 
shows following trend of temperature distribution, i.e., 2kDa>5kDa>10 kDa, 
which is presumably due to the different chain length that passivate NIR 
exposure to the surface of AuNR, which also jackets the heat. In the case of 
10 kDa PEG, the heat is greatly localized at the point of NIR laser contact 
suggesting that increasing PEG corona hinders heat distribution in the 
suspension. Furthermore, PEG-coated AuNRs were found to be 
biocompatible and internalized into the cells with its structural integrity as 



depicted from hyperspectral imaging (HSI) and ICP-MS. An in-vitro viability of 
AuNRs internalized B16-F10 cells after irradiation with NIR laser for 10 sec; a 
significant cell death was observed for AuNR-PEG-5 when subjected to cell 
death assays. Therefore, this detailed fundamental study suggested an 
optimum polymer length of 5kDa of PEG is required for better passivation, 
colloidal stability, and PT effect of AuNR, which could help in rationale design 
consideration of AuNR for NIR induced photothermal therapy. 

COLL 762 

Beyond the near-field: Enhancing the efficiency of upconversion-
luminescence nanomaterials using the diffractive and reflective 
properties of structured metal surfaces 

Paul S. May2, smay@usd.edu, Aravind Baride1, Mary T. Berry3, Steve 
Smith4. (1) Chemistry, Univeristy of South Dakota, Vermillion, South Dakota, 
United States (2) University of South Dakota, Vermillion, South Dakota, United 
States (3) Chem Dept, University of South Dakota, Vermillion, South Dakota, 
United States (4) Nanoscience and Nanoengineering, South Dakota School of 
Mines and Technology, Rapid City, South Dakota, United States 

Upconversion phosphors produce luminescence at wavelengths shorter than 
that of the excitation source. The intrinsically poor quantum efficiency of 
upconversion nanocrystals (UCNC), particularly at low excitation power 
densities, is the major limitation for many potential applications of these 
materials. Plasmonic enhancement is one of the primary strategies being 
pursued to improve the efficiency of upconversion. UC brightness can be 
significantly enhanced in the vicinity of noble metal nanostructures. The 
“plasmonic strategy”, however, has its own set of limitations. Plasmonic 
enhancement is based on near-field interactions between the UC particles 
and the metal surface, and is, therefore, effective only for particles within 
approximately 100 nm of the metal surface. Here, we show that it is possible 
to design patterned metal surfaces which exploit the diffractive and reflective 
properties to enhance the efficiency of upconversion. The primary advantage 
of this strategy is that the enhancement resulting from these optical effects 
can be extended to sample volumes far outside the near-field range of the 
metal surface. Also, because the enhancement depends mainly on the 
reflective and diffractive properties of the substrates, it is not necessary to use 
noble-metal coatings such as gold and silver. We also show that the 
enhancement mechanisms are effective primarily due to the non-linear nature 
of UC mechanisms and would show only modest improvement for single-
photon excitation processes. 



COLL 763 

Pressure dependence of excited state dynamics in CdSe/CdS 
heterostructure nanocrystals 

Lindsey Hanson3,4, lhanson9@stanford.edu, Christina W. Li1, Paul 
Alivisatos2. (1) Chemistry, University of California, Berkeley, Berkeley, 
California, United States (3) Material Science Division, Lawrence Berkeley 
National Laboratory, Berkeley, California, United States (4) Chemistry, Trinity 
College, Hartford, Connecticut, United States 

Understanding and controlling the effect of pressure on the excited state in 
semiconductor nanocrystals is critical to their use as stress sensors. Here, we 
investigate the effect of lattice strain on the excited state dynamics of 
CdSe/CdS nanocrystals. In order to experimentally probe the role of 
symmetric and asymmetric compression as well as particle geometry, we 
examined the changes in photoluminescence (PL) lifetime and quantum yield 
of CdSe/CdS dots and tetrapods under both hydrostatic and nonhydrostatic 
compression. The photoluminescence lifetime and quantum yield of dots both 
decrease with increasing pressure, either hydrostatic or nonhydrostatic. These 
results are consistent with a pressure-induced increase in the non-radiative 
rate. Under symmetric compression, tetrapods likewise show a decrease in 
the PL lifetime and quantum yield. Surprisingly, tetrapods under asymmetric 
compression exhibit a lengthening of the photoluminescence lifetime, in 
contrast with the behavior under all other conditions. 

COLL 764 

Hybrid metal-semiconductor nanoparticles for hot electron 
luminescence upconversion 

Benjamin Roman, benjamin.j.roman@gmail.com, Joseph Otto, David 
Dacres, Christopher Galik, Rachel Downing, Matthew Sheldon. Texas A&M 
University, College Station, Texas, United States 

Recently, it was theoretically calculated that luminescence upconversion with 
efficiency up to 25% can be achieved in metal-semiconductor 
heterostructures, whereby hot carriers are injected from a metal into a 
semiconductor quantum well and radiatively recombine. Experimentally, this is 
challenging to demonstrate due to the propensity of metal to quench the 
photoluminescence of semiconductors. However, we have recently reported 
Au-CsPbBr3 hybrid nanocrystals with photoluminescent quantum yields up to 



70%, demonstrating that the fluorescence quenching observed in many hybrid 
nanoparticles does not necessarily hold true for all-inorganic perovskite 
nanocrystals. These results suggest that hybrid metal-semiconductor quantum 
well nanoparticles may be rationally designed to maximize the hot electron 
luminescence upconversion mechanism, while avoiding the quenching 
mechanisms brought about by the metal-semiconductor interface. Here, we 
will discuss the deposition of gold onto CdSe@CdS quantum dots and 
nanorods, and how the shell morphology can be utilized to reduce the 
quenching of the photoluminescence, varying parameters such as shell shape 
and thickness, as well as metal deposition frequency and size to optimize the 
optical properties of these hybrid nanostructures. By studying this system in 
conjunction with the Au-CsPbBr3 hybrid nanoparticles, we hope to gain insight 
into metal-semiconductor interactions on the nanoscale and how we can 
better design these structures for fluorescent applications. 

COLL 765 

Synthesis of Au38(SCH2CH2Ph)24, Au36(SPhtBu)24, and Au30(StBu)18 
nanomolecules and structural selectivity 

Milan Rambukwella, mrambukw@go.olemiss.edu, Amala Dass. Chemistry 
and Biochemistry, University of Mississippi, University, Mississippi, United 
States 

The nature of the ligands dictates the composition, molecular formulae, atomic 
structure and the physical properties of gold-thiolate nanomolecules, 
Aun(SR)y. Here we describe the ligand effect for three classes of thiols 
namely, aliphatic, AL or aliphatic-like, aromatic, AR, or bulky, BU thiol ligands. 
The ligand effect is demonstrated using the experimental setups namely: (1) 
The nanomolecule series obtained during synthesis for AL, AR, BU ligands; 
(2) and Synthesis of Au38, Au36, and Au30 nanomolecules from one precursor 
Aun(S-glutathione)m upon reacting with AL, AR and BU ligands. 

COLL 766 

Reactive Ag+ adsorption onto gold 

Sumudu Athukorale2, saa274@msstate.edu, Dongmao Zhang1. (1) Dept of 
Chemistry Hand Lab, Mississippi State University, Mississippi State, 
Mississippi, United States (2) Chemistry, Mississippi state university, 
Starkville, Mississippi, United States 



Proposed mechanisms of monolayer silver formation on gold nanoparticle 
(AuNP) include AuNP-facilitated under-potential reduction and anti-galvanic 
deposition in which the gold reduces Ag+ into metallic atoms Ag(0). Reported 
herein is the spontaneous reactive Ag+ adsorption onto gold substrates that 
include both as-obtained and butanethiol-functionalized citrate- and NaBH4-
reduced gold nanoparticles (AuNPs), commercial high-purity gold foil, and 
gold film sputter-coated onto silicon. The silver adsorption invariably leads to 
proton releasing to the solution. The nominal saturation packing density of 
silver on AuNPs varies from 2.8±0.3 nmol/cm2 for the AuNPs pre-aggregated 
with KNO3 to 4.3±0.2 nmol/cm2 for the AuNPs pre-functionalized with 
butanethiol (BuT). The apparent Langmuir binding constant of the Ag+ with the 
pre-aggregated AuNPs and BuT-functionalized AuNPs are 4.0×103 M-1 and 
2.1×105 M-1, respectively. The silver adsorption has drastically effects on the 
structure, conformation, and stability of the organothiols on the AuNPs. It 
converts disordered BuT on AuNPs into highly ordered trans conformers, but 
induces near complete desorption of sodium 2-mercaptoethane sulfonate and 
sodium 3-mercapto-1-propyl sulfonate from AuNPs. Mechanically, the 
Ag+ adsorption on AuNPs most likely proceeds by reacting with molecules 
pre-adsorbed on the AuNP surfaces or chemical species in the solutions, and 
the silver remains as silver ion in these reaction products. This insight and 
methodology presented in this work is important for studying interfacial 
interactions of metallic species with gold and for post-preparation modulation 
of the organothiol structure and conformation on AuNP surfaces. 

COLL 767 

Modeling the photon avalanche upconversion mechanism in Tm3+, 
Yb3+ co-doped β-NaYF4 nanocrystals 

Md Yeathad Hossan, hossan.yeathad@gmail.com, Mary T. Berry, Stanley 
May. Chemistry, University of South Dakota, Vermillion, South Dakota, United 
States 

β-NaYF4 nanocrystals co-doped with Tm3+, Yb3+ are capable of converting 
980 nm excitation to 800 nm luminescence with relatively high internal 
quantum efficiency (>8%) relative to other upconversion nano-phosphors. 
These NIR-to-NIR “upconversion” nanocrystals (UCNC) are gaining interest 
as potential biological imaging agents, in part because of the relative 
transparency of bio-tissue in the NIR region. There is increasing evidence that 
the UC mechanism in this system involves a so-called “photon avalanche” 
(PA), which is characterized by a slow initiation period due to the involvement 
of a non-resonant process in the early stages of the mechanism. Herein, we 



report a model that uses coupled rate equations to describe the time 
dependence of the population of the relevant electronic states in order to 
understand the primary interactions responsible for PA upconversion in β-
NaYF4:Yb, Tm nanocrystals. We experimentally follow the kinetics of UC 
coming to steady-state by following the time dependence of Tm and Yb 
emission upon initiation of a long square-wave excitation pulse. Our 
preliminary model for β-NaYF4:48%Yb, 2%Tm nanocrystals can successfully 
modeling the dynamics of the electronic states approaching steady-state 
under CW diode laser excitation (940 nm). In this study, we will present the 
effects of surface quenching and doping concentrations on the kinetics and 
quantum efficiency of NIR-to-NIR upconversion in these systems. The model 
developed herein should prove to be valuable in the understanding and 
design of efficient NIR-to-NIR upconversion nanomaterials. 

COLL 768 

Controlling ligand orientation and conformational order on 
nanostructured materials 

Luis A. Velarde, lvelarde@buffalo.edu, Sanghamitra Sengupta, Soha T. 
Algoul. Department of Chemistry, University at Buffalo, Buffalo, New York, 
United States 

Surface selective sum frequency generation vibrational spectroscopy (SFG-
VS) is used to examine the binding, orientation, and order of organic ligands 
in solution-processed nanomaterials. We present how the surface ordering of 
ionic surfactants on semiconducting single-walled carbon nanotubes is 
determined by the conditions of the surrounding aqueous environment, 
providing new physical insights for solution-processing of SWCNTs in 
nanoelectronics. Furthermore, we present the direct relationship between 
surface orientation and structural motifs in thiophene- and selenophene-
substituted chalcogenopyrylium (CP) dyes on gold nanoparticles as a new 
class of ultra-bright, NIR-absorbing Raman reporters. These results advance 
our understanding of the role of molecular orientation in SERS near-IR 
probes. The results of this work provide an opportunity for the development of 
controlled chemistries for the design of nanosurfaces that enable tailored 
properties. 

COLL 769 

Photo-induced electron transfer from amino acids to nitrogen 
functionalized graphene quantum dots 



Soumalya Mukherjee1, soumalyamukherjee8@gmail.com, Prasad 
Edamana2, Anju Chadha1,3. (1) Department of Biotechnology, Indian Institute 
of Technology, Madras, Chennai, Tamil Nadu, India (2) Department of 
Chemistry, Indian Institute of Technology Madras, Chennai Tamilnadu, India 
(3) National Centre for Catalysis Research, Indian Institute of Technology, 
Madras, Chennai, Tamil Nadu, India 

Insightful information regarding the interaction between amino acids and 
colloidal nitrogen functionalized graphene quantum dots (N-GQDs) can be 
studied by analysing the excited state dynamics of N-GQD-amino acid 
complex. N-GQDs, synthesized by a microwave mediated hydrothermal 
process using citric acid and urea as carbon and nitrogen sources 
respectively, showed an excitation dependent emission. This was used to 
monitor the photo-induced electron transfer (PET) between the quantum dots 
and amino acids. Representative neutral, basic and acidic amino acids 
(serine,arginine and aspartic acid) were used in the present study. UV visible 
absorption, steady state and time-resolved luminescence techniques were 
used to understand the interactions between the amino acids and N-GQDs. 
Nano-second laser flash photolysis set-up was used for the detection of 
photo-excited radicals. The present study provides opportunities for using 
luminescent N-GQDs as probes for the detection of bio-molecules. The details 
of the experiments will be presented in the talk. 

COLL 770 

Encapsulation of conjugated polymers in self-assembling polymer 
micelles for biological imaging applications 

Struan Bourke1, Struan.bourke@kcl.ac.uk, Federico Dona4, Patrick 
Bergstrom Mann2, Yurema T. Gonzalez1, Maryna Panamarova4, Ulrike S. 
Eggert4, ulrike.eggert@kcl.ac.uk, Klaus Suhling1, Mark Green3. (1) Physics, 
Kings College London, Peterborough, United Kingdom (2) Physics, King's 
College London, London, United Kingdom (3) Kings College London, London, 
United Kingdom (4) Randall Division of Cell and Molecular Biology, King's 
College London, London, United Kingdom 

Conjugated polymers (CPs) are organic semiconductors with a backbone of 
alternating multiple and single bonds which exhibit efficient coupling between 
optoelectronic segments. They have been used in a number of applications 
due to their optical properties such as bright photoluminescence and photo-
stability. However, they are inherently hydrophobic and a surfactant or shell 
needs to be used during the synthesis of nanoparticles. 



By doing so, the conjugated polymer nanoparticles (CPNs or P-dots) have a 
number of advantages over quantum dots (QDs) such as ease of processing, 
large absorption coefficients, tuneable optical properties, controllable 
dimensions and biologically inert components circumventing the issue of 
heavy metal toxicity of QDs. By using the nanoprecipitation method, we are 
able to encapsulate the CPs inside different chemical compositions and have 
done so with hydrophobins , as well as phospholipids, silica shells and a 
biodegradable polymer. 
We will present conjugated polymer encapsulated in the self-assembling 
polymer containing iron oxide with a red emission peak and a quantum yield 
of 21%. These nanoparticles are small, bright and stable in solution. We show 
that the nanoparticles are uptaken by HeLa cells through subsequent imaging 
with a confocal scanning laser microscope, as well as being inherently non-
toxic to cell viability and proliferation. We will also show work with silica shells, 
and additional additions to the cores. 

 

 
 
Figure 1 A) Normalised spectra of CP in THF (dotted black line), of the nanoparticle 
(dotted red line), of nanoparticle with SPIONS (dotted blue line) and the 
photoluminescence spectra of CP in THF (black line) and as a nanoparticle (red line) 
and with SPIONs (blue line). λem for CP in THF was 657 nm, as was λem for the 
nanoparticles was 657 nm. Sample concentrations were at 10 µm/ml. Excitation was 
at 420nm. B) and C) TEM images of the nanoparticles. B) without SPIONs, C) with 
SPIONs taken at 50x resolution (scale bar = 200 nm). D) and E) nanoparticles after 4 
hours in HeLa cells at 5ug/ml final concentration. D) without SPIONs, E) with 
SPIONs 



COLL 771 

Active antioxidizing polymeric particles for on-demand pressure-driven 
molecular release 

Yongbeom Seo1, wdt1013@illinois.edu, Jiayu Leong1,2, Jye Yng Teo1,2, 
Jennifer W. Mitchell3, Martha U. Gillette4, Bumsoo Han5, Jonghwi Lee6, 
Hyunjoon Kong1,7. (1) Department of Chemical and Biomolecular Engineering, 
Univerisity of Illinois at Urbana-Champaign, Urbana, Illinois, United States (2) 
Institute of Bioengineering and Nanotechnology, 31 Biopolis Way, The Nanos, 
Singapore (3) Department of Cell and Developmental Biology, Neuroscience 
Program, Beckman Institute for Advanced Science & Technology, Univerisity 
of Illinois at UC, Urbana, Illinois, United States (4) Department of Cell and 
Developmental Biology, Department of Bioengineering, Neuroscience 
Program, Beckman Institute for Advanced Science & Technology, Univerisity 
of Illinois at UC, Urbana, Illinois, United States (5) School of Mechanical 
Engineering, Birck Nanotechnology Center, Purdue Center for Cancer 
Research, Purdue University, West Lafayette, Indiana, United States (6) 
Department of Chemical Engineering and Materials Science, Chung-Ang 
University, Seoul, Korea (the Republic of) (7) Department of Bioengineering, 
Institute for Genomic Biology, Univerisity of Illinois at UC, Urbana, Illinois, 
United States 

Overproduced reactive oxygen species (ROS) are closely related to various 
health problems including inflammation, infection, and cancer. The abnormally 
high ROS level can cause serious oxidative damage to biomolecules, cells, 
and, tissues. A series of nano- or micro-sized particles has been developed to 
reduce the oxidative stress level by delivering antioxidant drugs. However, 
most systems are often plagued by the slow molecular discharge driven by 
diffusion. In this work, we demonstrate an active antioxidizing polymeric 
particles that can increase the internal pressure in response to the abnormal 
ROS level and thus actively discharge antioxidants to protect cells and tissues 
from the oxidative damage. The on-demand pressurized particles particle was 
assembled by simultaneously loading water-dispersible manganese oxide 
(MnO2) nanosheets and green tea-derived antioxidant into poly(lactic-co-
glycolic acid) (PLGA) spherical shell. In the presence of H2O2, one of the 
ROS, MnO2 nanosheets in the PLGA particle generated oxygen gas by 
decomposing H2O2 and increased the internal pressure. Accordingly, the 
active antioxidizing particle system could release a larger fraction of 
antioxidants and effectively protect endothelial cells and brain tissues from 
H2O2-induced oxidative damage. We believe that this H2O2-responsive, self-



pressurizing particle system would be useful to deliver a wide array of 
molecular cargos in response to the oxidation level. 

 
 
The on-demand pressurized antioxidant release system is prepared by encapsulating 
H2O2-reactive MnO2 nanosheets and green tea-derived antioxidants into PLGA 
particles. The resulting MnO2 nanosheet-loaded PLGA particles increase the internal 
pressure by generating O2 gas via reaction with H2O2. In turn, the particle can 
discharge antioxidants actively and improve efficacy to protect endothelial cells and 
brain tissues from oxidative damage. 

COLL 772 

CuInS2/ZnS quantum dot based probe for monitoring the acetylation of 
mitochondrial proteins 



Chen Wang1, chen1_wang@northwestern.edu, Emily Weiss2. (1) Chemistry, 
Northwestern University, Evanston, Illinois, United States (2) Northwestern 
University, Evanston, Illinois, United States 

The level of acetylation of mitochondrial proteins can serve as a signature 
index for diagnosing important metabolic diseases. The presented study 
describes the development of a convenient probe employing CuInS2/ZnS 
quantum dots (CIS QDs) for real-time monitoring the level of acetylation in 
living cells. The design of this nanoscale probe is based on electrostatically 
mediated quenching of the photoluminescence (PL) of QDs. (See the 
attached figure.) The CIS QDs are capped with peptide substrates which are 
capable of carrying out acetylation and deacetylation reactions, similar to their 
counterparts in mitochondria. The acetylation/deacetylation reactions vary the 
density of positive charges on the QD surface. A positively charged electron 
acceptor, methyl viologen (MV2+), is conjugated to the nanoparticle through a 
flexible poly (ethylene glycol) chain. The electrostatic interaction between the 
MV2+ quencher and the QD surface mediates the separation distance, which 
governs the quenching of the QD PL through the electron transfer process. 
The change of the PL intensity hence reports the degree of acetylation of the 
peptides presented by the QD probe. Time-resolved optical spectroscopic 
experiments measure the kinetic parameters of the distance-dependent 
electron transfer process, and help the optimization of this nanoscale probe. 

 
  



COLL 773 

Highly selective capturing of biomolecules by antifouling zwitterionic 
polymer-coated microbeads 

Esther van Andel1,2, esther.vanandel@wur.nl, Han Zuilhof1, Maarten 
Smulders1, Edwin Tijhaar2, Huub Savelkoul2. (1) Laboratory of Organic 
Chemistry, Wageningen University, Wageningen, Netherlands (2) Cell Biology 
and Immunology Group, Wageningen University, Wageningen, Netherlands 

With this contribution we show the development of a bead-based sensing 
platform that allows for the highly specific binding of target molecules while at 
the same time all non-wanted biomolecules are being repelled. Nano- and 
micro-sized particles are extensively used in a large variety of biomedical 
applications, ranging from drug delivery to cell sorting and biomolecule 
quantification. However, the performance of these particles is often drastically 
hampered due to a process called biofouling; the non-specific binding of 
biomolecules to the surface of those particles. We have recently transferred 
existing knowledge on antifouling layers to a microbeads-based platform. The 
antifouling layers are made from zwitterionic polymer brushes that were grown 
from the bead surface using Atom Transfer Radical Polymerization (ATRP). 
The coatings could then be functionalized with a variety of functional groups, 
including azides or alkynes that could subsequently be reacted to attach 
biological relevant molecules using click chemistry. Combining antifouling 
coatings with the installment of recognition elements (e.g. biotin or sugars like 
mannose) enabled the highly selective capturing of proteins (e.g. streptavidin 
or ConA, respectively) from a complex mixture of serum proteins. To study the 
binding of proteins onto these antifouling beads, we extended the use of 
flowcytometry, which allows for the quick and automated analysis of the 
beads, while being able to discriminate between specific and non-specifically 
bound proteins. Flat surfaces with an antifouling coating grown by ATRP 
typically need to be made one-by-one. In contrast, beads can be modified and 
analyzed in large numbers (thousands) simultaneously, allowing the use and 
study of antifouling materials in a more affordable way. Moreover, replacing 
non-coated particles for antifouling particles in existing technologies could 
greatly enhance their performance in biological applications. We are currently 
expanding the use of our antifouling beads by chemically linking antibodies to 
their surface and using them for diagnostic purposes that require ultra-low 
fouling conditions. 

 



 
 
Schematic representation of an antifouling bead that enables highly specific protein 
binding 

COLL 774 

Microphysiological multi-tissue platform for simultaneous efficacy and 
toxicity testing of drug formulations 

Christian Lohasz1, Patrick M. Misun1, Flavio Bonanini1, Fabrizio Hürlimann2, 
Olivier Frey2, Kasper Renggli1, kasper.renggli@bsse.ethz.ch, Andreas 
Hierlemann1. (1) Biosystems Science and Engineering, ETH Zürich, Basel, 
Switzerland (2) InSphero AG, Schlieren, Switzerland 

During the last decades, screening methods for efficacy and toxicity of drugs 
moved away from animal models towards human in-vitro cell culture models. 
Multi-tissue setups or so-called microphysiological systems (MPS) provide the 
possibility to interconnect several organ models through microfluidic 
technology and offer the potential to investigate the delivery and efficacy of 
compounds in a more systemic, in-vivo-like fashion. Especially sophisticated 
3D in-vitro tissue models, e.g., organotypic multicellular microtissues, closely 
reproduce tissue morphology and functionality of native 3D phenotypes of 
living organs. 
The increased biological and technical complexity of MPS poses challenges to 
liquid and tissue handling and requires sufficient experimental reproducibility. 
We address these issues with a simple and robust 96-well format-based 
microfluidic platform that enables the realization of multi-tissue networks using 
microtissue spheroids (Figure 1). 
As a proof-of-concept study, primary liver microtissues were cultured in 
combination with tumor microtissues. The relevance of interconnecting liver 
and tumor tissues was demonstrated by applying different pro-drugs, which 
requires activation by the liver to become effective. Compound efficacy on 



tumor growth and its toxicity on liver was simultaneously assessed under 
perfusion conditions with interconnected tissue compartments. A significant 
reduction of growth of the microtumors was only detected in the two-tissue 
system, where the liver metabolized the drug. Furthermore, the liver 
maintained its functionality and showed no sign of adverse toxic outcomes. 
These results illustrate the importance of continuous interaction between 
different tissue types in order to mimic drug effects that have been 
observed in-vivo. 

 
 
Figure 1: Design and operation of the microfluidic tilting platform. (a) Layout of the 
device. (b) Close-up side view and (c) top view of a tissue compartment, depicting the 
barrier structures protecting the tissue from shear stress. (d) Assessment of the 
velocity of the liquid flow around the microtissue compartment. (e) Tilting of the 
platform induces gravity-driven flow and microtissue perfusion in the channels. 

COLL 775 

Hybrid nanoparticles of a conjugated polymer and iron oxide 
nanocrystals for simultaneous photothermal, photoacoustic and 
magnetic effects 

Juhyun Park1, jpark@cau.ac.kr, Duong Thi-Thuy Pham1, Eunah Kang1, 
Sehoon Kim2. (1) Chemical Engineering and Materials Science, Chung-Ang 
University, Seoul, Korea (the Republic of) (2) Korea Institute of Science and 
Technology, Seould, Korea (the Republic of) 



Hybrid nanoparticles based on a conjugated polymer and iron oxide 
nanocrystals were prepared as a multi-functional nanomaterials applicable to 
simultaneous magnetic resonance imaging(MRI), photoacoustic imaging and 
photothermal therapy by absorbing near infrared light. These nanoparticles 
were assembled by forming a phase-separated thin film of the conjugated 
polymer, iron oxide nanocrystals and a phospholipid, followed by shattering 
the film via water penetration through polar regions of the film upon 
ultrasonication. This process took advantages of strong alkyl chain 
associations among polymer side chains, alkyl tails of the phospholipid and 
alkyl chains of amphiphilic ligandsthat cover the iron oxide nanocrystals, 
together with dissimilarity between polar heads of the phospholipid and 
remaining lipophilic moieties. As a result, water-dispersed hybrids of magnetic 
and conjugated polymer nanoparticles were successfully fabricated and 
simultaneously presented MRI, photoacoustic and photothermal features that 
were most remarkable at a mixing ratio with the most well organized ordering 
in molecular assembly structures. 

COLL 776 

Manganoporphyrin-polyphenol multilayer capsules as radical and ROS 
scavengers 

Aaron Alford1, aaaron@uab.edu, Veronika A. Kozlovskaya1, Dana Pham-
Hua3, Lilin He2, Volker Urban2, Hubert M. Tse3, Eugenia P. Kharlampieva1. (1) 
Department of Chemistry, University of Alabama at Birmingham, Birmingham, 
Alabama, United States (2) Biology and Soft Matter Division, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, United States (3) Department of 
Microbiology, University of Alabama at Birmingham, Birmingham, Alabama, 
United States 

Local modulation of oxidative stress is crucial for a variety of biochemical 
events including cellular differentiation, apoptosis, and defense against 
pathogens. Current natural and synthetic antioxidants exhibit a lack of 
biocompatibility, bioavailability, and chemical stability, resulting in limited 
capability to scavenge reactive oxygen species (ROS). To mediate these 
drawbacks, we have developed a synergistic manganoporphyrin-polyphenol 
polymeric nano-thin coating and hollow microcapsules with efficient 
antioxidant activity and controllable ROS modulation. These materials are 
produced by multilayer assembly of a natural polyphenolic antioxidant, tannic 
acid (TA), with a copolymer of polyvinylpyrrolidone containing a 
manganoporphyrin modality (MnP-PVPON) which mimicks the enzymatic 
antioxidant superoxide dismutase. MnP-PVPON/TA capsules are shown to 



significantly suppress the proliferation of superoxide via cytochrome C 
competition. In addition, we demonstrate that TA is crucial for the synergistic 
radical scavenging activity of the MnP-PVPON/TA system which exhibits 
combined superoxide dismutase and catalase-like activity in response to free 
radical superoxide challenge. The MnP-PVPON/TA capsules exhibit a 
negligible (8%) loss of shell thickness upon free radical treatment, while 
PVPON/TA capsules lose 39% of their shell thickness due to the non-catalytic 
free radical scavenging of TA, as demonstrated by Small Angle Neutron 
Scattering (SANS). Finally, the manganoporphyrin-polyphenol capsules were 
found to be non-toxic to splenocytes from NOD.BDC-6.9 mice after 48-h 
incubation. The current study illustrates the strong potential of combining 
catalytic activity of manganoporphyrins with natural polyphenolic antioxidants 
to design efficient free radical scavenging materials to be used in antioxidant 
therapies and as free-radical protective carriers for biomedical or industrial 
applications. 

 

COLL 777 

Electrically-activated bursting of aqueous microcapsules made from 
nonconducting, biocompatible polymers: A new mode for drug delivery 
compatible with wearable electronics 



Srinivasa R. Raghavan, sraghava@umd.edu, Ankit Gargava. Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, 
United States 

Interest in wearable biomedical devices continues to grow. Such devices 
could be greatly enabled if there were simple ways to stimulate drug release 
using electric fields. Electric fields are attractive because they can be easily 
applied even from remote locations, and generally give rise to a faster 
response.Most current attempts at electrically induced delivery have focused 
on materials that can conduct electricity, including conductive polymers and 
nanocomposites. Here, we show that electrical responses can be induced 
even in nonconducting, biopolymer-based materials. Our materials are 
microcapsules made from common, biocompatible polysaccharides like 
alginate and chitosan using ionic complexation. When these capsules are 
placed in aqueous solution and subjected to an electric field of about 10 V/cm, 
the particles deform within a minute and then burst within about 5 min. Such 
deformation and bursting can be used to release solutes loaded inside these 
structures. Also, the deformation of the capsules can be used to create 
electrically actuatable valves, where the flow of a liquid occurs only when the 
capsule blocking the flow is deformed. The mechanism for electrical bursting 
is complex and involves many aspects, including osmotic pressure 
differences, local pH changes, and electrophoretic movement. This 
mechanism will be discussed in the talk. 

COLL 778 

Nanoparticle-laden macrophage as a tumor tropic drug delivery system 
for improved cancer treatment 

Weizhong Zhang1, wezhang@uga.edu, Mengzhe Wang2, Zipeng Zhen3, 
Hongmin Chen1, Matthew Chapman1, Wei Tang4, Trever Todd1, Taku 
Cowger1, Shiyi Zhou1, Hui Wang2, Ian Delahunty1, Zibo Li2, Jin Xie1. (1) 
Chemistry, University of Georgia, Athens, Georgia, United States (2) 
Radiology and Biomedical Research Imaging Center, University of North 
Carolina at Chapel Hill, Chapel Hill, North Carolina, United States 

Cells have been explored as a promising drug delivery system for cancer 
treatment with high specificity due to the unique tumor tropic feature. One 
challenge that prevents cell-mediated delivery of anti-cancer drugs is the early 
release of drug payloads before reaching tumor tissues, which leads to a rapid 
decline in viability and normal functions of the cell carriers. Here we develop a 
nanoparticle-laden macrophage system to effectively deliver doxorubicin to 



treat cancer and we show that, by tailored-designing the nanoparticle 
structure, a suitable drug release property of nanoparticles can be obtained, 
which protects early release of drug and better preserves the cell functions 
during the transmigration process towards tumor tissues. The nanoparticle-
laden macrophages are found first accumulating in lung and then specifically 
migrating to tumor tissues with deep intratumoral penetration in 8 to 23 hours 
upon administration. We demonstrate that this nanoparticle-laden 
macrophage approach is capable of generating an enhanced tumor 
suppression with low doses of drugs administrated and little systemic toxicity 
is induced, suggesting this method as a promising drug delivery strategy with 
great potentials of providing high drug delivery specificity and safety. 

COLL 779 

Gold-nanoparticle-assisted homocysteine enrichment and ratiometric 
quantification 

Ayodeji Olukoya, ajo162@msstate.edu, Dongmao Zhang. Dept of Chemistry 
Hand Lab, Mississippi State University, Mississippi State, Mississippi, United 
States 

Quantification of small molecule metabolites (SMMs) is vital in disease 
diagnostics because physiological levels of SMMs are often biomarkers for 
disease conditions. However, quantification of SMMs is challenging because 
of their low concentrations and the complexity of the sample matrix. 
Homocysteine (Hcy) is an important SMM biomarker in disease diagnosis and 
study of oxidative processes in biological systems. Demonstrated herein is a 
novel Hcy quantification strategy that takes advantage of intrinsic Hcy binding 
affinity to gold nanoparticles (AuNPs) for Hcy extraction, concentration, 
purification, and then ratiometric quantification using deuterated Hcy as the 
internal reference. Using this strategy, the concentration of Hcy is 
concentrated up to 100 folds. This method is simple and straightforward to 
implement. The principle and the methodology demonstrated in this work can 
be readily extended to thiol-containing SMMs, or the metabolite can be tagged 
with thiol-containing molecules. 

COLL 780 

Radiofrequency and near-infrared responsive core-shell nanoparticles 
formed by lipid templating 



Animesh Pan, animesh_pan@uri.edu, Geoffrey D. Bothun. Chemical 
Engineering, University of Rhode Island, Kingston, Rhode Island, United 
States 

Controlled design of complex colloidal nanoparticles is one of the most 
significant challenges in nanoscience. Gold and iron-oxide nanoparticles have 
attracted much attention due to their unique physical, chemical, and biological 
properties; and the combination of these two materials is appealing for further 
improving theranostic capabilities combing imaging and externally-triggered 
release and hyperthermia. Core-shell particles comprised of a liposome core, 
containing clusters of iron oxide nanoparticles (IONs), and a gold shell were 
synthesized using a lipid + polyelectrolyte templating technique. IONs and the 
anti-cancer drug doxorubicin (DOX) were co-encapsulated inside anionic 
liposomes composed by zwitterionic phophatidylcholine (PC) and anionic 
phosphatidylglycerol (PG) using reverse phase evaporation (REV) method. 
The liposomes were coated with positively charge polyelectrolyte (poly-L-
lysine) to enrich the interface with gold anion, exposed to a reducing agent to 
form a gold nanoshell, and then capped with thio-terminated polyethylene 
glycol (PEG-SH). The core-shell nanostructures were characterized by 
dynamic light scattering (DLS), cryogenic transmission electron microscopy 
(Cryo-TEM), and UV-Vis-NIR spectroscopy. This multifunctional system 
achieves a variety of functions, such as radiofrequency or NIR laser-triggered 
release and hypothermia therapy, and magnetic resonance imaging. Herein, 
we highlight some of the remaining major design challenges in combination 
with preliminary in vitro lung cancer studies assessing cytotoxicity and 
demonstrating multiple therapeutic objectives. 

COLL 781 

Modifying the surface of carbon fiber for fiber-to-matrix adhesion 

Luke C. Henderson, luke.henderson@deakin.edu.au, Linden Servinis, 
James Randall, Chantelle Arnold. Institute for Frontier Materials, Deakin 
University, Geelong, Victoria, Australia 

Composite materials are any material composed of two or more components 
which, ideally, combine to give a final material which possesses the benefits 
of each part. A common example of this is the use of Carbon Fiber 
Reinforced Plastics (CFRPs), which are being used in a huge amount of 
structures for lightweighting, due to their extremely high strength to weight 
ratio. 
While these materials are excellent alternatives to traditional metals such as 



aluminium or magnesium, they do possess some inherent flaws. The most 
dominant of this is the fibre-to-matrix interface, unlike metals which are a 
homogenous material, composites by their definition are not. The ability of the 
plastic to transfer energy, stress, and load to the reinforcing fibre is critical to 
the development of high performance materials, and to the full realisation of 
these materials’ potential. Currently, the best CFRPs are able to translate 40-
50% of the carbon fibres’ material properties to the final component – the 
majority of this loss occurring at the fibre-to-matrix interface. 
In this work, we have developed a wet chemical approach to modify of the 
surface of carbon fibres to complement the intended polymeric support. We 
have shown that the use of small molecule manipulation of the fibre surface 
can have huge ramifications on the ultimate interface/interphase and the 
performance of the composite material. 
Using a click chemistry (Copper Azide Alkyne Cycloaddition) approach we 
have shown that the surface of carbon fibres can be tuned to complement a 
specific resin and this approach can lead to interfacial shear strength 
improvements of over 200%. These results are complemented by molecular 
dynamics simulation of the carbon fibre-resin interface which assist in 
determining the key interactions for excellent interfacial adhesion. 

COLL 782 

Surface modification of sp2 hybridized carbon nanomaterials via an 
inverse electron demand Diels-Alder reaction 

Jun Zhu, jun.zhu@mcgill.ca, R Bruce Lennox. Department of Chemistry, 
McGill University, 801 Sherbrooke St. West, McGill University, Montreal, 
Quebec, Canada 

Carbon nanotubes, graphite, and graphene have a number of fascinating 
electric, thermal, and mechanical properties. However, their applications often 
require physical adsorption or covalent attachment of chemical entities. 
Covalent chemical modification method is desired due to the high stability of 
the resulting modified carbon nanomaterials, but is particularly challenging 
due to the limited reactivity of the extended conjugated pi-system. We have 
thus applied the inverse electron demand Dies-Alder reaction (IEDDA) to the 
modification of single-wall carbon nanotubes (SWCNT) and highly ordered 
pyrolytic graphite (HOPG). Tetrazine-derivatized molecules or tetrazine-
capped metal nanoparticle/nanorods are shown to react with these 
sp2 hybridized carbon nanomaterials under ambient conditions. Site-specific 
modification is also achieved using tetrazine deterivatives as the “ink” for 
microcontact printing. 



COLL 783 

Functionalized carbon nanomaterials for energy storage devices 

Justin Zuczek, jzuczek@uncc.edu, Nesreen Elathram, William Hixson, 
Jordan C. Poler. Chemistry, UNC Charlotte, Charlotte, North Carolina, United 
States 

Transitioning from fossil fuels as the main source of energy to renewable 
sources has nearly tripled in the last decade. Although this can help reduce 
CO2 emissions, cost and storing this energy during intermittency has been 
problematic for grid scale applications. Supercapacitors have the potential to 
replace battery powered devices because of their high power density (delivery 
speed), however, low energy density (capacity) limits application. By 
incorporating higher specific surface area (SSA) hybrid carbon nanomaterials 
for supercapacitors, specifically single-walled carbon nanotubes (SWCNTs), 
we aim to increase capacitance in supercapacitors for consumer use. 
 
We have functionalized conductive nanostructured carbon for use as 
electrodes in supercapacitors. SWCNTs possess larger SSA than 
commercially available materials. By functionalizing SWCNTs with novel 
coordination complexes (molecular spacers), we can further increase ion 
accessible SSA, prevent aggregation, and establish a conductive network. 
Our molecular spacers bind to and intercalate between CNTs allowing for 
rapid Faradaic activity and ion transport. The aromaticity and conjugation of 
our spacers should influence faster charge transfer via redox from 
electrochemical interactions. 
 
We have previously shown an increase in capacitance, energy density, and 
power density using molecular spacers compared to other commercially 
available materials (350 F g-1 +2Ru hydrazone thin film vs 34 F g-1 for 
standard carbon electrodes). Our molecular spacers utilize divalent, dinuclear 
Earth abundant metal centers surrounded by conjugated ligands. We will 
present electrochemical characterization of the complexes and the assemblies 
they are bound to. Spectroelectrochemistry information on the electron 
transfer via redox and optical absorptions will be presented. Adsorption 
isotherms have been studied to further understand binding and optical 
properties of our bound molecular spacers. Sustainable, cheap nanomaterials 
for energy storage devices can help provide a smooth, yet fast transition from 
fossil fuels to clean energy. 

COLL 784 



Composite nanomaterials for water purification: Sustainable high-
capacity rapid removal of small molecule DBP precursors 

Jordan C. Poler, jcpoler@uncc.edu, Abhispa Sahu, Kayla Durkin, Kayla 
Blackburn. Chemistry, UNC Charlotte, Charlotte, North Carolina, United 
States 

As maximum contaminant levels of specific disinfection by-products (DBPs) 
continue to drop, especially those of DBP precursors, focus has been placed 
on the development of new materials to combat this issue. It is well known 
that ion exchange is an effective method for the removal of natural organic 
matter (NOM), especially AERs with quaternary ammonium functional groups. 
However, functionality is limited in bulk resin materials due to the fact that 
adsorbates can only interact with the outermost surface area, and once the 
outer surface area has been saturated, the AER must be regenerated before it 
can be reused. The use of nanomaterials is ideal because of their immense 
specific surface area, but they often aggregate in aqueous environments. We 
have synthesized AER coated nanomaterials; exploiting the enhanced NOM 
removal of the quaternary ammonium resin, and utilizing intrinsic specific 
surface area of connected scaffolding for the resin. Our nanomaterials 
showed increased adsorption over commercially available adsorbents, in just 
a fraction of the time. Using a fast filtration method, surrogate concentrations 
of up to 10 mg-C/L were completely removed in seconds, as opposed to 
hours/days with current adsorption techniques. 
 
Progressing from our previous work we have synthesized and characterized 
functionalized various nanostructure carbon materials, mesoporous zeolites, 
and natural fibers. Composites of these particles have been studied. 
Membrane resistance measurements show excellent perfusion 
characteristics. Surface functionalization is characterized by IR and Raman 
spectroscopy. Surface area and porosity measurements will be presented. 
SEM and AFM characterization of the particle distributions as a function of 
composition will be discussed. 
 
Adsorptive properties are characterized by adsorption isotherms, adsorption 
kinetics, and competitive binding studies. Natural organic matter (NOM) 
adsorption is measured by UV-Vis spectroscopy and total organic carbon 
analysis. Our novel materials remove (NOM) surrogate far below USEPA 
limits. Removal of small molecules, DPB precursors, personal care products, 
and pharmaceuticals by these nanomaterial composites is effective in the 
dispersed state and in the thin film filtration apparatus. 



COLL 785 

Enhancement of perovskite crystallinity by interfacial lead adsorption on 
TiO2 

Kara C. Saunders1, karacs@email.arizona.edu, James Stanfill1, Brieanne 
Fessler1, Richard Shallcross3, Steven S. Saavedra2, Neal R. Armstrong2. (1) 
Chemistry & Biochemistry, University of Arizona, Tucson, Arizona, United 
States (2) Department of Chemistry and Biochemistry, University of Arizona, 
Tucson, Arizona, United States 

We introduce lead ions adsorbed to TiO2 as a surface modification, which 
serves as a model system to begin understanding how the TiO2/perovskite 
interface influences nucleation and growth of mixed-halide cesium perovskites 
upon this metal oxide surface. Understanding the fundamental science at this 
interface is critical for elucidating how tuning atomic features of the 
chemically-diverse TiO2 surface can affect larger-scale properties, such as the 
charge collection efficiency when used as an electron selective interlayer. A 
combination of photoemission spectroscopies, x-ray diffraction, and atomic 
force microscopy are used to investigate the physical properties of both the 
modified TiO2 and the perovskite active layer on TiO2. By photoemission 
spectroscopy, we show that lead adsorbed from PbI2 preferentially binds to 
TiO2 at surface hydroxyl sites with a surface coverage of ca. 2% and that this 
bonding event lowers the work function of TiO2 by ca. 0.4 eV. Grazing-
incidence wide-angle X-ray scattering (GIWAXS) data reveals that perovskites 
on lead-adsorbed TiO2 exhibit crystal growth with greater preferential 
orientation of the (100) axis perpendicular to the surface normal when 
compared to perovskites grown on the unmodified substrate. Moreover, 
perovskite films grown on lead-modified TiO2 show larger grains and more 
layer-by-layer film growth by atomic force microscopy. These results 
demonstrate that atomic-scale changes to the interfacial region of this system 
result in changes visible at the top surface of the perovskite film and that lead-
modification offers a unique method to tune both the nucleation and growth 
and the energetic properties of these active layer films. This work also 
highlights the importance of understanding the reactivity of TiO2 and how 
surface passivation by lead adsorption can enhance the quality of perovskite 
thin films. 

COLL 786 

Binding and orientation of carbamate pesticides on mineral surfaces 



Leander Bromley III2, Jerry Cartagena3, Pablo Videla5, Amendra Fernando1, 
Victor S. Batista4, Luis A. Velarde3, lvelarde@buffalo.edu. (1) Department of 
Chemistry, Kansas State University, Manhattan, Kansas, United States (2) 
Chemistry, State University of New York at Buffalo, Buffalo, New York, United 
States (3) Department of Chemistry, University at Buffalo, Buffalo, New York, 
United States (4) Yale University, New Haven, Connecticut, United States (5) 
Chemistry, Yale University, New Heaven, Connecticut, United States 

Determining the interactions between pesticides and mineral surfaces is vital 
for understanding the fate and transport of pesticides in the environment. 
Carbamate pesticides are found to interact strongly with silica surfaces 
through hydrogen bonding. We use surface selective sum frequency 
generation vibrational spectroscopy to determine the interfacial interactions 
that regulate the binding structure and surface orientation. We examine the 
influence of such interfacial structures in pesticide surface transformations 
and compare the role of aromatic groups in the surface properties. We find 
that Fermi resonances need to be accounted for in the computation of 
vibrational spectra. The findings of these studies shed light on important 
environmental processes relevant to pollutants in mineral surfaces and our 
understanding of vibrational signatures of surface carbamates. 

COLL 787 

Revealing the complexities of hydroxyacetone at the air-water via 
vibrational sum frequency spectroscopy and computational 
methodologies 

Brittany Gordon4, brittany.gordon@ncf.edu, Frederick G. Moore5, Lawrence 
F. Scatena3, Nicholas A. Valley1, Sumi Wren2, Geraldine L. Richmond3. (1) 
California Northstate University, Sacramento, California, United States (2) 
Dept of Air Quality Process Research, Environment and Climate Change 
Canada (ECCC), Toronto, Ontario, Canada (3) University of Oregon, Eugene, 
Oregon, United States (4) Chemistry, University of Oregon, Eugene, Oregon, 
United States (5) Physics, Whiman College, Walla Walla, Washington, United 
States 

The air-water interface of atmospheric aqueous secondary organic aerosol 
(aqSOA) is an important environmental system that has far reaching impacts 
on the climate and overall environment. Many small atmospheric aldehydes 
and ketones that are known to contribute to aqSOA formation can further 
react in the aqueous phase to form hydrated species and oligomers. Due to 
the potential complexity of these systems, it can be difficult to isolate the 



effects of individual species. For these reactions, the molecular nature of 
many of these organics at aerosol interfaces is largely unknown. This 
information is vital since the presence solvated molecules at air-water 
interfaces, as well as the conformations and orientations of those molecules, 
can significantly affect aerosol properties. Hydroxyacetone (HA) is an 
abundant atmospheric ketone found in aqSOA and exists predominantly in its 
unhydrated monomeric form in the aqueous phase, making HA an excellent 
model system to address some of these uncertainties. This work examines 
hydroxyacetone (HA) at the planar air-water interface using vibrational sum-
frequency spectroscopy (VSFS). VSFS is a surface sensitive technique that 
can provide information about the interfacial molecular populations and 
behaviors of ordered molecules. Using VSFS, in combination with Wilhelmy 
plate surface tensiometry and computational molecular dynamics simulations 
and density functional theory calculations, reveals a dynamic HA interface, 
with both depth and conformational dependent population and orientation 
changes between the bulk, surface, and subsurface. This work lays the 
groundwork and provides a control for future VSFS studies of more complex 
systems of organics at aqueous interfaces. 

COLL 788 

Native urban films’ spatial and chemical heterogeneity reported by 
microscopy and SIMS analysis 

Jacob S. Grant, jsgrant3131@gmail.com, Scott K. Shaw. University of Iowa, 
Iowa City, Iowa, United States 

Urban films are ubiquitous coatings that form on virtually all exterior surfaces. 
They are formed as biogenic and anthropogenic emissions mix in the 
atmosphere and ultimately return to Earth’s surfaces as complex mixtures of 
organic and inorganic compounds. The films’ surface morphologies and 
chemical profiles result in unique physicochemical properties and reactivity 
which remain largely uncharacterized. Here, we present data that describe 
urban films’ physical and chemical morphology on the micro- and nano-scale. 
Passive air samplers are deployed at urban, suburban, and metropolitan 
locations for time scales from 1 to 52 weeks. Urban films are collected over 
these timeframes on silicon wafers, quartz crystals, and glass fiber filters for 
subsequent analysis of urban film morphology, absorbed mass, and 
composition, respectively. Analysis includes bright-field microscopy, scanning 
electron microscopy, atomic force microscopy, and time-of-flight secondary 
ion mass spectrometry to provide the first reports of spatial and chemical 
morphology of urban films. We find that native urban films exhibit incredible 



physical and chemical heterogeneity; particle sizes range from sub-
micrometer to tens of micrometers. Chemical domains of hydrocarbons, lipids, 
salts, metals, and other organic and inorganic substituents are identified on 
similar size scales for each collection site studied. The sorption of water and 
selected other volatiles is quantified on the films via quartz crystal 
microbalance analysis to provide initial estimates of possible urban film 
loading rates as they participate in the fate and transport of persistent organic 
species and environmental pollutants. 

COLL 789 

Mechanism of adsorption of phosphatidylcholine from a dispersion of 
vesicles onto a clean air-water interface 

Jennifer Staton2, jastaton@ucdavis.edu, Stephanie R. Dungan1. (1) Dept of 
Food Sci Tech, Univ of California at Davis, Davis, California, United States (2) 
Chemical Engineering & Food Science, University of California, Davis, Davis, 
California, United States 

Hydrophobic surfactants are used in a variety of practical applications, 
including the stabilization of microbubbles, formulation of wetting agents and 
cosmetics, and the design of flavor delivery enhancers. Understanding the 
kinetics of film formation for these hydrophobic surfactants are important for 
the improvement of manufacturing processes in these fields. Mixtures of long 
chain phospholipids are hydrophobic surfactants that are commonly used as 
stabilizers in the food and cosmetic industries. We investigated the 
mechanisms of adsorption of two purified long chain phospholipids, dilauroyl 
or dimyristoyl phosphatidylcholine (DLPC or DMPC). Adsorption from a 
dispersion of small unilamellar vesicles onto a clean air-water surface was 
studied using drop profile tensiometry. Adsorption rates were found to be 
proportional to vesicle concentration for both phospholipids, indicating a clear 
mechanistic role for vesicles. Theoretical expressions for possible contributing 
mechanisms and pathways, via molecular and/or vesicle transport, were 
developed, and used to predict an associated flux towards the interface. 
These flux expressions were compared to experimentally measured 
adsorption rates for a variety of lipid concentrations, temperatures, vesicle 
diameters, and convection rates. Our results indicated that the formation of a 
DLPC monolayer arises from a molecular transport mechanism that is 
enhanced by vesicle-to-monomer exchange beneath the interface. Adsorption 
rates of DMPC were an order of magnitude smaller, which we attribute to the 
decreased monomer solubility. The influence of the phase transition 
temperature on the adsorption behavior was also considered. We will discuss 



our approach to investigating the adsorption kinetics for potential application 
to a wider range of hydrophobic surfactants. 

 


