
COLL 1 

Colloidal stability of reacting system for visbreaking in different 
conditions 

Jiguang Li, jglicup@yahoo.com.cn. Heavy Oil Processing, Research Institute 
of Petroleum Processing, SINOPEC, Beijing, China 

The colloidal stability of reaction system plays a key important role in heavy oil 
processing. For investigating the colloidal stability of the products in different 
reacting conditions of visbreaking, the compatibility parameters were 
determined. It is shown that initial flocculation point of heavy oil can be 
determined by optical detection and then to calculate the compatibility 
parameters. It is found that the solubility blending number(SBN) was in line 
with the proportion of the blends. The higher the SBN was, the better colloidal 
stability for the reaction product should be. For further learning the relationship 
between the colloidal stability and oil properties, SARA (saturates, aromatics, 
resins, and asphaltenes) fractions, elemental compositions, IR (infrared 
spectroscopy) and NMR (nuclear magnetic resonance spectrometer) were 
also analyzed for the reacting products of visbreaking. The results showed 
that the composition and structure truly dominated the colloidal stability. The 
colloidal stability of heavy oil system can be determined from the solubility 
blending number and the properties. 

COLL 2 

Liquid crystal phase transitions and collective behaviors of bent 
colloidal rods 

Yang Yang1, Ama Gyedu1, Kun Liu2, Zhihong Nie1, znie@umd.edu. (1) 
Chemistry and BIochemistry, University of Maryland, College Park, Maryland, 
United States (2) Jilin University, Changchun, China 

Achiral banana-shaped liquid crystal (LC) molecules are known to show 
fascinating polar ordering and chirality formation in banana phases. These 
phenomena have been barely observed in colloidal particles with geometrical 
similarity to banana-shaped molecular mesogens. In this talk, I will present our 
recent findings on i) the LC phase transition of bent silica rods (BSRs) with 
controlled bending angle and aspect ratio; and ii) the the collective behaviors 
of self-propelled motile BSRs in both quiescent fluid and shear flow. We found 
that these BSRs can spontaneously assemble into several typical banana 
phases including smectic A (SmA), smectic C (SmC), synclinic tilted 



antiferroelectric smectic (SmCSPA), and chiral smectic (SmC＊) phases, 
resembling banana-shaped LC molecules. The formation and transition of 
these phases is strongly dependent on the geometric parameters of rods. The 
experimental results are in good agreement with the simulations based on 
coarse-grained Brownian dynamics model. Phase diagrams were developed 
to illustrate the existence and stability range of all the LC phases. We further 
explored the shear-induced diffusion and trapping of the non-motile and motile 
BSRs in microfluidic devices. These studies will provide new insights into the 
motility of crescent bacteria in fluidic environment and close to a solid surface. 

COLL 3 

Molecular dynamics investigation of the electrical double layer at the 
silica/water interface: structure, surface potential, and electrokinetic 
phenomena 

Si-Han Chen2, chen.3262@buckeyemail.osu.edu, Sherwin J. Singer1. (1) 
Ohio State University, Columbus, Ohio, United States (2) Chemistry, The Ohio 
State University, Columbus, Ohio, United States 

The static and dynamic properties of electrical double layers(EDL) are of great 
interest in many fields, such as physical, analytical and colloid chemistry, as 
well as biology. We report the results of a comprehensive study of the double 
layer composed of monovalent ions near the amorphous silica (surface 
charge density -0.8e/nm2) using atomistic simulations with a realistic model. At 
all the salt concentrations (0M - 0.5M), the counter- and co-charge can be 
partitioned into compact and diffuse regions. We found that, in low to 
moderate ionic strength ([NaCl]: 0M-0.14M), water polarization decreases in 
both diffuse and compact layers with added salt, reflecting the decrease of the 
charge density at the inner boundary of the diffusion region, σd, from -
0.085e/nm2 to -0.015e/nm2. In contrast, at high ionic strength ([NaCl]: 0.2M - 
0.5M), water becomes more oriented in the compact layer as σd increases 
from 0.047e/nm2 to 0.070e/nm2 due to the overscreening effect. Poisson—
Boltzmann theory can provide an accurate prediction of the charge distribution 
and water polarization in the diffuse layer, but only when the variation of 
σd with ionic strength is included as a boundary condition. The salt-dependent 
σd, coupled with the deprotonation of Si-OH, are sufficient to describe the 
well-known second harmonic generation(SHG) experiments preformed by 
Eisental et al., where surface potential was determined using oversimplified 
models - the Gouy-Chapman model (constant σd) and the constant 
capacitance model for dilute and concentrated electrolytes, respectively. In 



contrast, our work provides a physically realistic model for the trend of surface 
potential over a wide range of salt concentration. 

COLL 4 

Surfactant effects on colloidal stability of silver nanowires from 
hydrothermal synthesis 

Tzu-Chi Kuo, tckuo@dow.com, Biplab Mukherjee, Janet Goss, George 
Athens, Patrick McGough, Ted Calverley. The Dow Chemical Company, 
Midland, Michigan, United States 

A scalable hydrothermal synthesis for silver nanowires (AgNWs) has been 
developed in The Dow Chemical Company, and is expected to be compatible 
with industrially available reactor systems and offer environmental and safety 
advantages due to use of aqueous solutions. The resulting silver nanowire 
product contains high aspect ratio particles (length:diameter ≥1000:1) with 
mean nanowire diameters of ~35 nm. Purifying the crude (as synthesized) 
material to generate the desirable final product can be challenging due to the 
possibility to destabilize the colloidal system in the process. This work is 
focused on understanding the stability characteristics of crude and purified 
AgNW suspensions, in the presence of various surfactants (nonionic, anionic 
and cationic), using zeta potential, UV-Vis, gravitational settling, and particle 
size analyses. 

COLL 5 

Crystallization kinetics of calcium oxalate: A constant composition 
study 

Gopichand Mallam, Christine Moore, Marina Tsianou, 
mtsianou@buffalo.edu. Department of Chemical and Biological Eng, 
University at Buffalo, SUNY, Buffalo, New York, United States 

In most biomineralization processes many soluble biopolymers exist in minute 
quantities; these control the nucleation, growth, orientation, and polymorph 
selection, leading to the formation of minerals with diverse biological functions 
and distinct properties but also to pathological mineralization, e.g., bone 
disease, dental calculus, and renal stone formation. In this work, we study the 
crystallization kinetics of calcium oxalate (the major constituent of kidney 
stones) by employing a constant composition potentiostatic technique. We 
evaluate the effects of supersaturation, temperature, and additives on the 



nucleation and growth of calcium oxalate in aqueous solutions. We have 
demonstrated that certain anionic polyelectrolytes can be very effective 
toward kidney stone inhibition by reducing the growth rate, altering the crystal 
morphology, and favoring the formation of the metastable dihydrate (COD) 
over the thermodynamically stable monohydrate (COM) which is mainly 
responsible for kidney, gall, and bladder stones. We compare our results to 
citrate, a naturally occurring inhibitor in the urinary system and currently the 
standard pharmacological treatment for stones. Our findings offer a better 
understanding of the calcium oxalate crystallization kinetics and provide 
information on the viability of synthetic polymers as potential calcium oxalate 
stone therapies. 

COLL 6 

Discovery of metal-lustrous low-molecular-weight organic crystals 

Yukishige Kondo, ykondo@rs.tus.ac.jp. Dept Ind Chem, Tokyo Univ SCI, 
Shinjuku, Tokyo, Japan 

Introduction. Recently, we succeeded in synthesizing gold-colored organic 
crystals from an azobenzene derivative, bis[4-(2-
dimethylaminoethoxy)phenyl]diazene (DN-azo). When the gold-colored 
crystals of DN-azo were placed under dry conditions, its color turned to 
yellow. Metallic paints that yield painted films having metallic luster contain 
metal fine particles. Thus, the painted films obtained from conventional 
metallic paints are usually heavy. When metallic paints are applied to large 
vehicles and aircrafts, such heavy painted films bring about enormous 
mileage and extra CO2 emission. In this regard, the gold-colored crystals from 
DN-azo are advantageous because the density of the organic compounds is 
much smaller than that of metals. In light of the above, the crystals of DN-azo 
have potency while the crystals’ color changes from gold to yellow under dry 
conditions. Therefore, we have investigated the synthesis of long-lasting gold-
colored crystals from low-MW compounds. We describe a novel low-MW 
compound, which yields gold-colored crystals even under dry conditions. 
Experimental. Synthesis Azobenzene derivative, bis[4-(3-
methylbutoxy)phenyl]diazene, referred to as DC-azo, was synthesized 
through three steps. Preparation of Gold-Colored Crystals To a solvent 
mixture of water (8 ml) and acetone (20 ml), DC-azo (0.05 g) was added. After 
the mixture was heated up to 80 °C to dissolve DC-azo, it was allowed to 
stand for 24 hrs to crystallize DC-azo at room temperature. Then, the mixture 
was placed in a refrigerator for 24 hrs to complete the crystallization of DC-
azo. The resultant gold-colored crystals were recovered by filtration over a 



round filtration paper. 
Results and Discussion. DC-azo was obtained as a yellow solid, which 
easily dissolved in acetone and methanol but remained insoluble in water. The 
recrystallization of DC-azo from a mixture of acetone/water as described in 
the Experimental section yielded gold-colored crystals. The gold-colored 
crystals were placed at 383 K for 5 hrs, followed by storage for 24 hrs in a dry 
desiccator (humidity 10%). As a result, the crystal retained its gold coloration. 
The gold-colored crystals may be useful as a substitute for conventional 
metallic pigments in specific coating applications. 

COLL 7 

Immobilization of superoxide dismutase on layered double hydroxide 
nanoparticles to develop highly stable antioxidant colloids 

Marko Pavlovic, Paul Rouster, Istvan Szilagyi, 
istvan.szilagyi@unige.ch. Dept Inorganic Analytical Chem, University of 
Geneva, Geneva, Switzerland 

Enzyme delivery in biomedical processes is challenging due to the complex 
environment in the biofluids. Immobilization of enzymes on biocompatible 
nanoparticles may lead to successful targeted transport and can also protect 
the proteins against denaturation. However, colloidal stability has to be well-
controlled since the aggregation of the carrier particles leads to inefficient 
delivery. The present research focuses on the immobilization of superoxide 
dismutase (SOD, one of the most efficient antioxidant enzymes) on the 
surface of layered double hydroxides (LDH, biocompatible anionic clay) and 
on the formulation in aqueous suspensions. 
SOD was adsorbed on LDH particles through electrostatic and hydrophobic 
interactions, as confirmed by IR spectroscopy and by determining the 
adsorbed amount with spectrophotometry. Aggregation and charging studies 
were performed by time-resolved dynamic light scattering and electrophoretic 
techniques, respectively. The results indicated that the obtained materials 
possessed only limited stability against salt-induced aggregation. Coating the 
surface of the SOD-LDH composite with heparin (a natural anticoagulant 
polyelectrolyte of one of the highest negative line charge density among the 
known biomolecules) resulted in highly stable suspensions, even at high ionic 
strengths, where the traditional colloid theories predict rapid particle 
aggregation. It was assumed that the repulsive forces induced by the 
adsorbed saturated heparin layer are of steric and electrostatic origin. The 
steric repulsion is due to the hairy polyelectrolyte layer on the surface, while 
the strong electrostatic repulsion is the result of the high magnitude of the 



surface charge density upon heparin coating. The obtained hybrid 
nanocomposites showed sufficient enzymatic activity, i.e., neither protein 
immobilization nor polyelectrolyte coating processes decreased the 
superoxide radical anion scavenging activity of the SOD. 
Similar research is being performed with horseradish peroxidase enzyme and 
titania nanosheets. The final goal of the project is to develop enzyme 
cascades containing both SOD and horseradish peroxidase confined in 
nanocomposites. In this way, simultaneous decomposition of superoxide 
radical ions and hydrogen peroxide will be achieved and the developed 
enzymatic systems will be promising antioxidant candidates for biomedical or 
other manufacturing processes, wherever the aim is to decompose reactive 
oxygen species in suspensions. 

COLL 8 

Rationally designed nanocrystal precursors for the co-assembly of 
titania inverse opals 

Katherine Phillips1,3, kphillips@fas.harvard.edu, Tanya Shirman2, Elijah 
Shirman2, Joanna Aizenberg1,2. (1) Chemistry and Chemical Biology, Harvard 
University, Cambridge, Massachusetts, United States (2) SEAS, Harvard 
University, Cambridge, Massachusetts, United States (3) Research 
Laboratory for Electronics, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States 

A number of optical, chemical, and sensing applications are enabled by 
defect-free inverted colloidal crystals, and the properties of these inverse opal 
structures are further expanded by controlling their composition. High-quality, 
crack-free silica inverse opals with minimal defects can be self-assembled 
using colloidal crystallization in the presence of a sol-gel precursor; however, 
this co-assembly process remains challenging for transition metal oxide 
inverse opals. Here, we describe how to assemble highly ordered, crack-free 
inverse opals by controlling the state of the matrix precursor, using the 
synthetic conditions of transition metal oxide nanocrystals to control the 
surface charge and crystallinity of the precursor. We focus on titania while 
also extending the process to other metal oxides, and we expect that this 
strategy can be further extended to additional oxides and other material 
classes as well as to other structures. 

  



COLL 9 

Direct control of acetaminophen nucleation via functional, 
biocompatible crystalline substrates 

Tharanga K. Wijethunga, tharanga@mit.edu, Fahimeh Baftizadeh, Jelena 
Stojakovic, Allan S. Myerson, Bernhardt L. Trout. Department of Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States 

Direct control of nucleation using heterosurfaces in a crystallization process is 
difficult to achieve due to the lack of fundamental mechanistic understanding 
on how these heterosurfaces participate in the process. Here, we aimed to 
evaluate and to expand the fundamental understanding of how biocompatible 
crystalline heterosurfaces can be utilized in order to maximize the nucleation 
rates of the model API acetaminophen (APAP). Five crystalline 
heterosurfaces, namely µ-D-galactose (DGAL), b-D-mannitol (b-DMAN), µ-D-
mannitol (µ-DMAN), α-lactose monohydrate (LMH), and xylitol (XYL), all with a 
high density of hydroxyl groups per molecule, were evaluated. The nucleation 
rates of acetaminophen were measured using high-throughput in situ 
microscopy on a large number of crystallizations in the presence of selected 
crystalline substrates. We found that XYL enables particularly rapid 
crystallization. The comparable size match between APAP and XYL, leading 
to the high interaction energies supported by DFT calculations, could explain 
this observation. Furthermore, the effect of different polymorphs of the same 
substrate in altering the nucleation rates was minimum, supported by the 
results obtained with the polymorphs of DMAN. The effect of surface changes 
of LMH in ethanol was manifested by splitting the nucleation time scales of 
APAP, in the presence of this substrate. Additionally, substrate crystal faces 
where APAP crystals were bound were identified by single crystal X-ray 
diffraction and found to be rich in potential interacting sites. These results 
suggest that when functional organic substrates belonging to low symmetry 
groups are utilized in crystallization processes, the crystallization outcome is 
directly affected by the intermolecular interactions between the substrate and 
the overlayer and that the effect of lattice match is negligible. 

COLL 10 

New optical transduction methods of liquid colloid particles for sensor 
applications 



Lukas Zeininger, lukaszei@mit.edu, Timothy M. Swager. MIT, Cambridge, 
Massachusetts, United States 

Multiphase complex emulsions formed from two or more immiscible solvents 
offer a unique platform as new materials for chemical sensor applications. The 
temperature controlled miscibility of fluorocarbons (F) and hydrocarbons (H) 
enables a temperature induced phase-separation, leading to structured 
emulsion droplets of H and F in water (W), which can be alternated between 
encapsulated (F in H, and H in F), and Janus configurations by varying the 
interfacial tensions using surfactants. Through the addition of molecular or 
particulate components, such as inorganic nanoparticles or stimuli-responsive 
surfactants to one or more of the immiscible phases, a change of the 
interfacial tensions can be induced leading to a change of the droplets’ 
morphology. These complex emulsion droplets can respond to external 
influences such as the presence of specific analytes, small pH changes, light 
or high energy irradiation, and the presence of an electric or magnetic field. 
We will present on how the addition of chromophores to the immiscible 
phases of the complex emulsions provides a method to create an optical read-
out based on the ability of the complex emulsion droplets to selectively invert 
morphology in response to external stimuli. We will also show that, beside the 
droplets’ ability to selectively present and hide specific emission bands, an 
adjustment of the refractive indices of the solvents results in a new 
unprecedented control of light propagation inside the emulsion droplets. The 
ability to manipulate light in liquid colloid particles leads to the development of 
new optical transduction methods based on having control over the total 
internal reflection of light inside droplets, the potential of such micro-colloids to 
manipulate light in form of waveguides, as well as a platform for 
reconfigurable compound micro-lenses. 

COLL 11 

High throughput screening of nanoparticle flotation collectors 

Carla Abarca, abarcacp@mcmaster.ca, Robert H. Pelton. Chemical 
Engineering, McMaster University, Hamilton, Ontario, Canada 

For more than a century froth flotation has served as one of the critical unit 
operations in mineral processing. Although generally very effective, there are 
situations where conventional froth flotation chemistries are inefficient. For 
these difficult cases, we have been exploring the use of hydrophobic 
polymeric nanoparticles as flotation collectors particularly for nickel sulfide 
ores, that respond poorly to conventional molecular collectors. Effective 



nanoparticle collectors must satisfy three requirements: (1) the nanoparticles 
should be colloidally stable in the flotation media; (2) the nanoparticles should 
specifically adsorb onto the desired mineral particles; and, (3) the 
nanoparticles should be sufficiently hydrophobic to promote mineral particle 
attachment to air bubbles. From a colloid chemistry perspective, these are 
conflicting requirements. The goal of work was to apply combinatorial 
chemistry to make large nanoparticle libraries and to use high throughput 
screening techniques to narrow the field of candidate nanoparticle types. 
Described are: the nanoparticle library development based on click chemistry; 
new high throughput screening assays for colloid stability and surface 
energies; and, laboratory flotation results. Our results show that it is possible 
to optimize nanoparticle surface chemistry to achieve both hydrophobicity and 
colloid stability. In a broader context, this work demonstrates the utility of high 
throughput techniques in optimizing flotation chemistries. 

COLL 12 

Modular peptide amphiphile micelles for immuno-stimulation 

Matthew V. Tirrell1,2, mtirrell@uchicago.edu, John Barrett1. (1) IME, 
University of Chicago, Chicago, Illinois, United States (2) Argonne National 
Laboratory, Argonne, Illinois, United States 

Inducing a strong and specific immune response is the hallmark of a 
successful vaccine. Nanoparticles have emerged as promising vaccine 
delivery devices to discover and elicit immune responses, Fine-tuning a 
nanoparticle vaccine to create an immune response with specific antibody and 
other cellular responses is influenced by many factors such as shape, size, 
and composition. Peptide amphiphile micelles are a unique biomaterials 
platform that can function as a modular vaccine delivery system, enabling 
control over many of these important factors and delivering payloads more 
efficiently to draining lymph nodes. In this study, the modular properties of 
peptide amphiphile micelles are utilized to improve an immune response 
against a Group A Streptococcus B cell antigen (J8). The 
hydrophobic/hydrophilic interface of peptide amphiphile micelles enabled the 
precise entrapment of amphiphilic adjuvants which were found to not alter 
micelle formation or shape. These heterogeneous micelles significantly 
enhanced murine antibody responses when compared to animals vaccinated 
with nonadjuvanted micelles or soluble J8 peptide supplemented with a 
classical adjuvant. The heterogeneous micelle induced antibodies also 
showed cross-reactivity with wild-type Group A Streptococcus providing 



evidence that micelle-induced immune responses are capable of identifying 
their intended pathogenic targets. 

COLL 13 

Responsive polypeptide-based star and triblock copolymer assemblies: 
Shape change materials for delivery applications 

Ian Smith, Craig Machado, Brooke Barnes, Daniel A. Savin, 
dsavin1973@gmail.com. Chemistry, University of Florida, Gainesville, Florida, 
United States 

This study involves the bottom-up design and tunability of responsive, 
peptide-based block copolymers. The self-assembly of amphiphilic block 
copolymers is dictated primarily by the balance between the hydrophobic core 
volume and the hydrophilic corona. In these studies, amphiphilic triblock and 
star copolymers containing poly(lysine) (PK), poly(leucine) (PL) and 
poly(glutamic acid) (PE) were synthesized and their solution properties 
studied using dynamic light scattering, circular dichroism spectroscopy and 
transmission electron microscopy. The peptide block in these structures can 
serve to introduce pH responsiveness (in the case of PK and PE), or can 
facilitate the formation of elongated or kinetically-trapped structures (in the 
case of PL.) This talk will present some recent studies in solution morphology 
transitions that occur in these materials as a result of the helix-coil transition 
and associated charge-charge interactions. We exploit the responsiveness of 
these materials to encapsulate and release therapeutics such as doxorubicin 
and demonstrate the potential to achieve triggered release as a function of pH 
due to morphology transitions. 

COLL 14 

Efficient CRISPR delivery via plasmid DNA (or ribonucleoprotein, RNP) 
packaged in mesoporous silica nanoparticles through cationic vesicle 
fusion 

Kim Butler1, Rita Serda3, Achraf Noureddine3, Ayse Muniz4, Darryl Y. Sasaki2, 
Oscar Negrete2, C Jeffrey Brinker1, jbrinker@unm.edu. (1) Sandia 
Labs/UNM, Albuquerque, New Mexico, United States (2) MS 9292, Sandia 
National Laboratories, Livermore, California, United States (3) University of 
New Mexico, Albuquerque, New Mexico, United States (4) Biointerfaces 
Institute, University of Michigan, Ann Arbor, Michigan, United States 



CRISPR systems are versatile tools for genome editing and transcriptional 
gene regulation. While the majority of delivery vehicles for genome editing, 
including CRISPR, have been viral, there are limitations to these vectors 
including carcinogenicity and immunogenicity. Non-viral vectors have a lower 
immunogenicity profile than viral vectors, however, so far, non-viral vectors 
have demonstrated limited delivery efficiency, due to the size and complexity 
of the cargo (plasmid DNA or the Cas9 endonuclease/gRNA ribonucleoprotein 
complex (RNP)) and the need to deliver it to the nucleus of the target cell. To 
address the CRISPR delivery problem, we developed a CRISPR plasmid 
delivery system based on mesoporous silica nanoparticles (MSN) 
encapsulated within supported lipid bilayers (aka protocells). MSNs have 
tailorable pore size (2-20-nm) and intrinsically negative surface charge. 
Although the pore size is not large enough to accommodate plasmid DNA, we 
discovered that we can package negatively charged plasmids via fusion of 
cationic lipid vesicles on MSNs and that the MSN pore size is a major 
determinant of plasmid loading efficiency. Using dynamic light scattering, 
cryo-TEM, and high resolution confocal imaging, we have proven the plasmid-
packaged protocells to be stable monosized colloids wherein DNA is co-
localized with MSNs and protected within a supported lipid bilayer or 
multilayer. Protocells exhibit high levels of DNA loading and protection of DNA 
from nuclease degradation while maintaining a ~200nm hydrodynamic 
diameter and low polydispersity suitable for in vivo delivery. In vitro gene 
editing efficiencies were greater than 80%, equal to those seen with high dose 
lipofectamine, but with far lower toxicity. We hypothesize that the high gene 
editing efficiency is a consequence of spontaneous disassociation of the 
negatively charged DNA from the negatively charged MSN when the 
supported lipid bilayer is destabilized within the acidic endosomal environment 
following protocell internalization. To demonstrate CRISPR gene editing in a 
living system, we utilized the vascularized chick chorioallantoic membrane 
(CAM) model and intra vital imaging. Protocells successfully delivered 
CRISPR encoding plasmids to human A549 cells through the CAM 
vasculature resulting in expression of CRISPR Cas9 and editing of a reporter 
gene system after 24hours. Further, we demonstrated the same cationic 
vesicle packaging approach could also be used for RNP delivery. 

COLL 15 

Stimuli-responsive materials on the basis of compartmentalized 
particles 

Joerg Lahann, lahann@umich.edu. Univ of Michigan, Ann Arbor, Michigan, 
United States 



Compartmentalized particles are uniquely suited to present dissimilar sets of 
properties. The ability to co-locate materials with orthogonal properties into 
the close proximity enables a broad design space for engineering of 
multifunctional particles. 
 
Electrohydrodynamic co-jetting is a simple, scalable, yet flexible fabrication 
method that can lead to multicompartmental particles. Using a biomimetic 
approach, we have designed actively responding microparticles that sense 
changes in their local chemical environment and respond in form of bending 
movement or locomotion. These microactuators are examples of responsive 
materials that are enabled by compartmentalization. 

COLL 16 

Janus 2D nanosheets: Synthesis and interfacial activity 

Al C. de Leon, Brad Rodier, Christina Hemmingsen, Emily Pentzer, 
ebp24@case.edu. Chemistry, Case Western Reserve University, Cleveland, 
Ohio, United States 

The Pentzer lab uses fundamental organic chemistry reactions to tune 
chemical functionality and assembly behavior of organic materials, including 
small molecules, polymers, and nanoparticles. The presentation will focus on 
the asymmetric functionalization of 2D nanosheets, specifically for the 
preparation of Janus graphene oxide (GO) nanosheets. Graphene oxide (GO) 
is a multifunctional materials studied composed of sp2 and sp3 hybridized 
carbon atoms decorated with oxygen functionalities throughout that has 
antimicrobial and gas barrier properties, good mechanical strength, and can 
serve as precursors to conductive material. Janus particles are those in which 
two faces are differentiated and have distinct chemical composition from each 
other, for example, as hydrophobic/hydrophilic or catalytic/inert. Our group 
has recently established a route to prepare Janus GO nanosheets and here 
we will report how the tailored functionalization dictates the inter-nanosheet 
interactions and assemblies of these novel structures. The use of fundamental 
organic chemistry reactions gives access to unique structures and assemblies 
of interest for a broad range of applications. 

COLL 17 

Self-assembling nanocomposite tectons 



Robert Macfarlane, rmacfarl@mit.edu. Materials Science and Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States 

Nanocomposites are an important class of materials based on integrating two 
or more disparate phases to achieve physical characteristics that cannot be 
realized with a single-phase material. Current syntheses typically focus on 
chemical composition as the primary factor that determines these properties, 
but nanocomposite characteristics are also dependent on the geometric 
arrangement of the phases and the chemical interface between them. While 
structure control in macroscopic composites can be easily achieved via top-
down mechanical processing, similar approaches with nanocomposites either 
provide limited spatial resolution at the nanometer length scale or are 
undesirably inefficient. Alternatively, self-assembly could in principle produce 
polymer-nanoparticle composites with well-defined geometries in a 
parallelizable manner that is amenable to scale-up. However, the major 
limitations of current techniques are that they either focus solely on ensuring 
compatibility of the organic polymer and inorganic nanoparticle phases and 
lack hierarchical structural organization of all constituent components, or 
utilize structure-directing agents or processing conditions that are not 
amenable to functional composite architectures. Here, we circumvent these 
challenges by developing a new class self-assembling building blocks we term 
nanocomposite “tectons” (NCTs) – irreducible nanocomposite building blocks 
that are themselves nanocomposite architectures. An NCT consists of a 
nanoparticle grafted with polymer chains that terminate in functional groups 
capable of supramolecular binding, where supramolecular interactions 
between polymers grafted to different particles enable programmable bonding 
to drive particle assembly. Importantly, these interactions can be manipulated 
separately from the identity of the organic or inorganic components of the 
NCT, allowing for independent control of the chemical composition and spatial 
organization of all phases in the nanocomposite via a single design concept. 
The development of NCTs therefore enables the next generation of 
nanocomposites with simultaneous multi-level structure control to precisely 
dictate material physical properties. 

 



 

COLL 18 

Dynamic nanostructures fabricated by DNA self-assembly 

So-Jung Park1, sojungpark@ewha.ac.kr, Tae Soup Shim2, John Crocker3, 
Daeyeon Lee3, Chan-Jin Kim1. (1) Department of Chemistry and 
Nanoscience, Ewha Womans University, Seoul, Korea (the Republic of) (2) 
Department of Chemical Engineering, Ajou University, Suwon, Korea (the 
Republic of) (3) Department of Chemical Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania, United States 

Here, we present a new approach to fabricate responsive free standing films 
of gold nanoparticles, based on the programmable DNA-directed self-
assembly and the layer-by-layer (LbL) thin film fabrication technique. This 
approach allows for the assembly of multi-domain nanoparticle films with each 
domain showing different responses to external stimuli, which is essential for 
the formation of dynamic nanostructures. Large area free standing films of 
DNA-modified gold particles are fabricated by the selective melting of a 
sacrificial nanoparticle domain, taking advantage of the unique sharp melting 
transition of DNA-modified gold nanoparticles. We fabricated free standing 
films that are capable of programmable shape transformation by DNA strand 
exchange reactions. Films consisting of an active and a passive layer show 
rapid, reversible curling in response to stimulus DNA strands added to 
solution. Films consisting of two independently addressable active layers 
display a complex suite of repeatable transformations, involving eight 
mechano-chemical states and incorporating self-righting behaviour. The new 
approach provides a way to generate dynamic nanostructures that can 
undergo complex and programmable shape transformation that are difficult to 
achieve with conventional approaches based on prototypical polymers. 



COLL 19 

Colloidal crystal engineering with DNA 

Chad A. Mirkin, chadnano@northwestern.edu. Chemistry, Northwestern 
University, Evanston, Illinois, United States 

The materials-by-design approach to the development of functional materials 
requires new synthetic strategies that allow material composition and structure 
to be independently controlled and tuned on demand. Although this level of 
control is exceedingly difficult to achieve in molecular systems where bonding 
between atoms is inherently linked to their underlying electronic structure, 
interactions between nanoparticle components can be dictated, independent 
of nanoparticle composition, through the attachment of highly programmable 
surface ligands. The Mirkin group has shown that biomolecules such DNA can 
act as programmable ligands for directly encoding material structure. In this 
sense, DNA-nanoparticle constructs behave as programmable atom 
equivalents (PAE), where nucleic acids function as programmable “bonds” 
between nanoparticle “atoms,” analogous to a nanoscale genetic code for 
material assembly. The sequence and length tunability of nucleic acid bonds 
has allowed us to define a powerful set of design rules for the construction of 
nanoparticle superlattices with more than 30 unique lattice symmetries, over 
one order of magnitude of interparticle distances, and several well-defined 
crystal habits. This control has enabled exploration of sophisticated symmetry-
broken architectures, including a body-centered tetragonal lattice and the 
most structurally complex colloidal crystal synthesized to date. The nucleic 
acid bond can also be programmed to respond to external biomolecular and 
chemical stimuli, allowing structure and properties to be tailored on demand. 
Notably, this unique genetic approach to materials design affords functional 
nanoparticle architectures that can be used to catalyze chemical reactions, 
manipulate light-matter interactions, and improve our fundamental 
understanding of crystallization processes. 
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Aqueous lyotropic liquid crystalline phase behavior of gemini alkyl 
phosphonate surfactants 

Tyler J. Mann, mann0357@umn.edu, Sung-A Kim, Mahesh K. 
Mahanthappa. Department of Chemical Engineering & Materials Science, 
University of Minnesota, Minneapolis, Minnesota, United States 



Lyotropic liquid crystals (LLCs) are nanostructured soft materials arising from 
the water concentration-dependent self-assembly of amphiphilic molecules, 
which have widespread applications in personal care products, drug delivery, 
and advanced molecular separation membranes. As part of our ongoing 
studies of the LLC phase behaviors of ionic small molecule surfactants, we 
recently discovered that single-tail alkylphosphonate surfactants form lyotropic 
phases comprising ordered packings of spherical micelles. Specifically, we 
observed the formation of body-centered cubic sphere packings, as well as 
much lower symmetry Frank-Kasper (FK) A15 and σ phases. The FK phases 
are tetrahedrally closest packed structures, in which the unit cell contains two 
or more quasispherical micelles of multiple discrete sizes. While MD 
simulations provide insights into the formation of these unique phases, we 
sought test these hypotheses by designing a gemini (“twin tail”) 
alkylphosphonate surfactant and investigating the kinetics and 
thermodynamics of its self-assembly into FK σ and A15 LLCs. This 
contribution describes these investigations, which indicate that the σ phase is 
destabilized and that previously unknown LLC phases form.  
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Experiment and simulation to develop an accurate computational model 
for nonionic surfactants 

William C. Swope1, swope@us.ibm.com, Andrew Duff2, Michael Johnston3, 
Gabriela Alva1, James McDonagh4, Richard Anderson2. (1) IBM Almaden 
Rsch Ctr, San Jose, California, United States (2) Daresbury Laboratory, 
Science and Technology Facilities Council, Warrington, United Kingdom (3) 
IBM Research, Dublin, Ireland (4) IBM Research, Warrington, United Kingdom 

Micelles are among the simplest self assembled molecular structures. For 
computational modeling of micelles, dissipative particle dynamics (DPD) has 
been used with some success. DPD uses a coarse graining approach where 
several atoms are represented by a single site, which allows the simulation of 
larger systems for longer simulation times. DPD has been successful at 
modeling micelle formation as well as the formation of the more complex 
structures seen in diblock copolymer phases. However, although useful for the 
study of phase formation phenomenology, the application of DPD to prediction 
of micelle properties for chemical engineering and materials sciences 
applications has been limited, possibly due to insufficiently accurate force 
fields. To better understand micelle properties, we are developing force field 
parameters for surfactants for use with DPD techniques. 
 



Instead of building parameter sets using an entirely first principles approach, 
we are putting heavy emphasis on the ability of the force fields to reproduce 
certain experimental results. We have started with the nonionic CnEm 
surfactant family, short diblock polymers consisting of an alkane block and an 
ethylene oxide block: H[CH2]n-[OCH2CH2]m-OH. This family of surfactants 
has been studied extensively for at least 50 years. However, upon reviewing 
the literature to obtain reliable experimental data for the CnEm micelles for our 
force field tuning efforts, we found a very wide and bewildering range of 
results for basic micelle properties such as the mean aggregation number. 
This has caused us to go back into the laboratory to use dynamic light 
scattering (DLS) to remeasure some of the properties of these surfactants, 
specifically to derive a consistent set of experimental mean aggregation 
numbers. 
 
Some results of our experimental findings will be discussed, with some 
explanations of why the literature results show such wide variations. The 
status of our efforts to optimize a force field that is capable of reproducing the 
experimental observables will also be discussed. 
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Effect of Hofmeister series counterions on the colloidal and 
antimicrobial properties of triple-headed cationic amphiphiles 

Kevin L. Caran1, carankl@jmu.edu, Kirstie Thompson1,3, Elizabeth Rogers2, 
Kyle Seifert2. (1) Chemistry & Biochemistry, James Madison University, 
Harrisonburg, Virginia, United States (2) Biology, James Madison University, 
Harrisonburg, Virginia, United States (3) Chemistry & Biochemistry, Georgia 
Institute of Technology, Atlanta, Georgia, United States 

Antibacterial resistance is becoming increasingly prominent, causing a great 
need for novel antibacterial products. This work focuses on developing an 
understanding of the relationship between counterion identity on colloidal and 
antibacterial activity for cationic amphiphiles. In an amphiphile series with 
three hydrophilic quaternary ammonium bromide head groups and one 
hydrophobic tail, the amphiphile with a linear hydrocarbon chain with 18 
carbons is more antibacterial than those with longer or shorter tails. 
Counterion exchange of the bromide counterions with various Hofmeister 
series anions significantly affects both antibacterial and colloidal activity. The 
logarithm of critical aggregation concentration [log(CAC)] was found to have a 
linear correlation with Gibbs free energy of hydration (ΔGhydr), enthalpy of 
hydration (ΔHhydr), partial molar volume (Vi

0), and surface tension (σ) of 



counterions present. These trends were found to correlate with an inverse 
Hofmeister effect, which is common for cationic species in the presence of low 
anion concentration. At this point no specific trend between the Hofmeister 
series and amphiphile antibacterial potency have been observed, although 
significant changes in potency have been seen with varying ions. Chloride and 
iodide counterions improve the potency of triple-headed amphiphiles with one 
or two hydrophobic tails, especially when combating Gram-negative bacteria. 
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Poloxamer block copolymer-based formulations: Structure and function 
through self-assembly 

Paschalis Alexandridis, palexand@buffalo.edu. SUNY Buffalo, Buffalo, New 
York, United States 

Amphiphilic block copolymers of the poly(ethylene oxide)-block-
poly(propylene oxide) (PEO-PPO) family, commercially available as Pluronics 
or Poloxamers and approved for pharmaceutical use, offer prime examples of 
self-assembling systems that find diverse applications. The presentation will 
utilize research findings from our group and others to highlight how the 
fundamental aspects of Poloxamer block copolymer micellization and lyotropic 
liquid crystal formation and nanostructure in aqueous media, inform the 
formulation of Poloxamers applied to stabilizing oil-in-water emulsions and 
colloidal dispersions, and to forming stable nanoparticles with high loading of 
actives for drug delivery and imaging. 
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Wormlike micelles: Boost applications in hostile environment 

Yujun Feng1, yjfeng@cioc.ac.cn, Hongyao Yin1, Ji Wang2. (1) Polymer 
Research Institute, Sichuan University, Chengdu, Sichuan, China (2) 
Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, 
Chengdu, Sichuan, China 

Although the formulation and relevant basic properties of wormlike micelles 
(WLMs) have been well explored and understood, the applications of such 
soft colloidal materials were constrained under relative mild conditions. 
Recently, a great attempt has been made in our laboratory to maximize the 
potentials of WLMs to be uses in high-pressure, high-temperature, highly-
acidic or extreme-low-temperature environments. 



The first example is the use of WLMs in water-alternate-CO2 flooding to boost 
oil production. Despite successful stories have been evidenced for over 40 
years, inadequacy is still evidenced because both of the low-viscosity water 
and gas tend to follow highly-permeable paths or open “thief” channels under 
high pressure, resulting in a loss of the chasing fluid and by-passing of oil-
bearing zones. We demonstrated that the water slug containing a CO2-
sensitive surfactant can be thickened at 60 °C and 5 MPa when contacting 
with the pre- and post-CO2 slug, thus blocking the channels and to recover 
incremental 5.1% oil relative to pure CO2-WAG. 
A further illustration comes from use of WLMs in matric acidizing at high 
temperature. To slow down the reaction between acid and rocks, wormlike 
micelles are always introduced into 20% HCl to dissolve the rock near the 
wellbore and increase the flow of hydrocarbons from the reservoir into the 
well. Nevertheless, the currently-used surfactants cannot stand temperature 
higher than 120 °C. We developed alternative surfactants by introducing 
stronger bonds into the molecular architecture, and found even at 150 °C, 
nearly 40 mPa×s of viscosity can be generated with 3% surfactant in 20% HCl 
solution, which can satisfy the high-temperature oil reservoir stimulation. 
The last case is the use of WLMs as anti-icing fluids under frozen 
environment. Undesired ice accretion on the surfaces of aircrafts at subzero 
temperatures is known to cause severe problems in terms of safety. Specially-
designed water-soluble polymers were dissolved in alcohols to remove the 
accumulated ice. However, hyxrogels may be formd by the residual polymer 
when it adsorbs moistures in the air, thus leading even more dangerous 
accidents when the gels are stuck in the elevator. We formulated novel anti-
icing fluids by replacing polymer with WLMs, and found they show similar 
behaviors as polymer solutions, but can be much easier to be removed during 
the takeoff because of its small-molecule characteristics, thus avoiding the 
possible disaster. 
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Novel photo-switchable surfactant molecular assemblies- micelles, 
worm-like micelles, and admicelles 

Hideki Sakai, hisakai@rs.noda.tus.ac.jp, Taiki Suzuki, Masaaki Aakamatsu, 
Kenichi Sakai. Faculty of Science and Technology, Tokyo University of 
Science, Noda, Chiba, Japan 

Molecular assemblies that form, break up, or change morphology upon 
application of external stimuli, such as light irradiation, redox reaction, 
magnetic field, temperature or pH change, have been applied for triggering 



controlled release in a range of systems such as drug delivery and perfume in 
personal care products. Our particular interest lies in active control of 
interfacial properties and molecular assemblies formations by means of photo-
responsive amphiphiles (surfactants). The benefits of photo-responsive nature 
as an external stimulus over other stimuli include scalable miniaturization and 
limited chemical contamination, which allows for the development of green 
sustainable systems. 
In this presentation, our recent studies will be presented regarding the 
formation control of various molecular assemblies, such as micelles (with and 
without solubilizates), worm-like micelles, and admicelles formed on the silica 
surface, using “photo-switchable” azobenzene modified surfactants, and novel 
"photo-cleavable" surfactants. By switching the formation of these micellar 
systems by light irradiation, active control of solubilization, viscoelasticity, and 
dispersion stability of solid particles became possible, respectively.  
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Tuning viscoelastic properties of wormlike surfactant micelles 

Olga Philippova, phil@polly.phys.msu.ru, Andrey Shibaev, Vera Pletneva, 
Vyacheslav Molchanov. Physics Department, Moscow State University, 
Moscow, Russian Federation 

A combination of wormlike surfactant micelles with polymer or nanoparticles is 
a promising way for the design of new smart materials. The present paper is 
devoted to the elaboration of self-assembled networks based on charged 
wormlike micelles of viscoelastic surfactant and nonionic polymer or inorganic 
particles. The “living” character of wormlike micelles, which incessantly break 
and recombine, imparts to the network significant advantages over similar 
polymeric systems providing to the gel the ability to self-heal and to 
completely recover its properties after the mechanical degradation at high 
shear rates as well as a high responsiveness to hydrocarbons. The latter is a 
key property for the application of these gels in petroleum industry, because 
when oil is pumped, the gel should be completely destroyed and do not to 
hinder the oil flow. 
It is shown that the self-assembled surfactant/polymer and 
surfactant/nanoparticles networks demonstrate a very pronounced increase in 
viscosity as compared to pure component solutions. At the same time, the 
addition of n-alkanes leads to the drop of viscosity by up to 5 orders of 
magnitude thus inducing the transition of a gellike system to a fluid with low 
viscosity. SANS data evidence that this process is accompanied by the 
breaking of the cylindrical surfactant micelles with the formation of 



microemulsion droplets, which results in the disruption of the whole network. 
Thus, in the prepared gels, the polymer (or nanoparticle) component 
strengthens the network, whereas the supramolecular component imparts a 
high responsiveness to oil. 
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Active targeting and small molecule delivery to individual leukemia cells 
utilizing mesoporous silica nanoparticle-supported bilayers (protocells) 

Kimberly Butler2,3, kimbutl@sandia.gov, Paul N. Durfee3, Walker Wharton4, 
Achraf Noureddine3, David T. Teachey5, I-Ming Chen4, Cheryl L. Willman4,6, C 
Brinker1. (1) Chemical and Biol Eng, Sandia Labs/UNM, Albuquerque, New 
Mexico, United States (2) Sandia National Laboratories, Albuquerque, New 
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New Mexico, Albuquerque, New Mexico, United States (4) Department of 
Pathology, University of New Mexico Health Sciences Center, Albuquerque, 
New Mexico, United States (5) Children's Hospital of Philadelphia, 
Philadelphia, Pennsylvania, United States (6) University of New Mexico 
Cancer Center, Albuquerque, New Mexico, United States 

Many nanomaterials based cancer therapeutics under development and those 
currently utilized in clinical settings, rely on the enhanced permeability and 
retention (EPR) effect to passively accumulate in tumors. However, the EPR 
effect has limited utility in disseminated disease, such as leukemia, in which 
active cell targeting is required. To address this need, we developed highly 
stable, monosized therapeutic nanoparticles based on the protocell platform. 
The protocell consists of a mesoporous silica nanoparticle (MSN) 
encapsulated within a supported lipid bilayer and forms a modular platform 
composed of interchangeable biocompatible components. Utilizing the 
protocell platform, we developed a highly specific delivery vehicle targeted to 
CD19 expression on B-cell leukemia using both antibodies and scFvs as 
targeting agents. During the development phase, ideal conditions for protocell 
creation were identified and drug loading of two therapeutic agents, 
gemcitabine and cytarabine, was quantified. The biological interaction of the 
targeted protocells was characterized utilizing a naturally CD19 negative T-
cell leukemia cell line and a matched T-cell leukemia cell line engineered to 
express CD19. Using this cell line pair, we examined protocell binding, 
internalization and cargo delivery characteristics in vitro. As leukemia is a 
disseminated disease in the bloodstream, we examined both binding and 
cargo delivery to leukemia cells utilizing the vascularized chick chorioallantoic 
membrane (CAM) model and intra vital imaging. Using the CAM system, we 



demonstrated targeting binding and small molecule delivery to CD19 
expressing cells while sparing CD19 negative cells within the vasculature. We 
then extended the binding and delivery studies within the CAM to a naturally 
CD19 expressing B-cell leukemia cell line. Following demonstration of cargo 
delivery, we demonstrated specific therapeutic delivery of both cytarabine and 
gemcitabine to CD19 positive engineered T-cells and naturally CD19 
expressing B-cells while sparing the CD19 negative T-cells. Finally, we 
demonstrated specific binding and cargo delivery within the vascularized CAM 
system to patient derived leukemia samples which express CD19, but not 
patient samples in which CD19 expression has been lost. 
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Fluorescent silica nanoparticles for selective detection of small ovarian 
tumors during surgery 

Tom Haber1, thaber@coh.org, Soraya Aramburo2, Linda Flores2, Alice Liu1, 
Pengpeng Cao1, Thanh Dellinger3, Ernest Han3, Karen Aboody2, Jacob M. 
Berlin1. (1) Department of Molecular Medicine, Beckman Research Institute at 
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Background 
Ovarian cancer is a deadly disease that afflicts approximately 22,000 women 
per year in the US. Once it has reached stage III and metastasized to the 
abdominal cavity, there is a 5-year survival rate of only 28%. Surgery is the 
frontline therapy for this disease and has two purposes. The first is to stage 
the cancer − to see how far the cancer has spread from the ovary. The 
second is to remove as much of the disease as possible − this is called 
debulking. Surgery is critical to patient outcomes with survival linked to the 
degree of tumor removed from the abdomen. The current clinical standard is 
to remove all tumors larger than 1 cm in diameter, as this is roughly the limit of 
detection by eye. Despite achieving no gross visible disease at the end of 
surgery, 50-85% of patients will relapse. Therefore, there is a need for better 
detection techniques during surgery, to enable surgeons to detect smaller 
tumors and remove them. In the present study we hypothesize that 
fluorescently-labeled silica nanoparticles can be used to selectively and 
sensitively detect small ovarian tumors in the abdominal cavity and by that 
improving surgery outcome. 
 



Results 
In the current study we have assessed the feasibility of unfunctionalized 
fluorescently-labeled silica nanoparticles (SiNPs) for the use as intraoperative 
detection probes for small ovarian tumors both in mice model and humans. 
We have shown that when the fluorescently-labeled SiNPs are administrated 
intraperitoneally (IP), they can selectively and sensitively detect small ovarian 
tumor metastases, while not targeting other healthy tissues. Moreover, we 
have evaluated the feasibility of the SiNPs to be used as an intraoperative 
fluorescently probes in an ex-vivo surgical resection of ovarian tumors in mice, 
and showed that there was a significant reduction of 81% in tumor mass after 
the image-guided surgery compared to the surgery based on the naked eye. 
 
Conclusions 
Our study demonstrates that when fluorescently labeled SiNPs are injected IP 
they selectively bind to ovarian tumors, with no observed signal from any 
healthy tissue. Use of such SiNPs during surgery to detect tumors not visible 
to the naked eye could enhance the surgeon’s ability to remove cancerous 
tissues and enable more accurate staging of the disease. 
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Impact of host germline variation and tumor microenvironment on 
plasmonic nanoparticle based photo-thermal therapy 

Amit Joshi, ajoshi@mcw.edu. Biomedical Engineering and Radiology, 
Medical College of Wisconsin, Milwaukee, Wisconsin, United States 

Systemic single agent therapies, or neo-adjuvant therapies for shrinking 
tumors prior to surgery, may indirectly lead to survival and propagation of drug 
resistant and more malignant cancer cells because of inter and intra-tumoral 
heterogeneity. Breast and many other cancers are highly heritable, yet most 
causative variants are unknown. Of the known risk variants, most are 
considered tumor cell-autonomous, with far less emphasis placed on testing 
germline variants that impact the tumor microenvironment, that is expected to 
play a major role both in tumor cell proliferation but also in chemo or 
radiotherapy delivery and response. A critical need exists for therapies which 
are impervious to drug resistance mechanisms and effective in heterogeneous 
tumor environment, with minimal off-target toxicity. Light activated and tumor 
selective nanoparticle based thermal ablation fulfills the criteria for such a 
therapy, and its validation and optimization in models with host germline 
based vascular micro-environment variation can generate novel insights into 
nano-drug delivery mechanisms and potentially create a major breakthrough 



in reducing the mortality and morbidity associated with breast cancer 
treatment. We describe a new generation of sub 100 nm theranostic 
nanoparticles which combine organic fluorophore free native luminescence in 
extended near-infrared or short wave IR (SWIR) region (700-1800 nm) 
enabling low scatter and background free tumor visualization, T1 weighted 
MRI contrast for cross-sectional imaging and therapy planning, and X-ray 
contrast with strong plasmon resonance in near-infrared for interventional 
radiology guided photothermal ablation. While most nanoparticle therapies 
rely on testing and validation on human tumor cell line xenografts only in 
immune-compromised ~20g mouse models leading to poor predictability of 
eventual clinical success, we demonstrate that germline host 
microenvironment variation in vascular perfusion, and tumor architecture play 
a critical role in both nanoparticle uptake and response to nanoparticle 
mediated photothermal ablation of breast cancer. 
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Intercellular transport of nanoparticles in myeloid and cancer cells 

Rita E. Serda1, ritaserda@gmail.com, Jorge De La Cerda3, Hiroo Suami2, C 
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While initially thought to be a hindrance for drug delivery, uptake of 
nanoparticles by myeloid cells is one option for transport to tumor cells. In 
addition to degradation of material and antigen processing, myeloid cells can 
function as carriers, transferring their cargo to other cells. While transfer within 
the population of RAW 264.7 macrophages frequently occurred through 
cellular bridges (a.k.a. tunneling nanotubes, Figure 1), transfer to cancer cells 
was through thick cellular connections with elaborate cell-to-cell adhesion 
sites. Microscopy were used to track intercellular transfer of material, which 
included nanoparticles, microparticles, and their cargo. Multi-modal imaging 
was used to track myeloid cells in vivo using a 4T1 breast cancer model. 
Tumor vasculature was imaged by perfusion of mice with a silicone rubber 
compound (Microfil®) followed by computed tomographic (CT) evaluation of 
the tumor vasculature (Figure 2a). Magnetic resonance (MR) imaging of 
macrophage migration in vivo was indirect through injection of tumor bearing 
mice with the commercially available emulsion V-Sense (Figure 2b). Overall, 
this work supports a role for myeloid cells as cell-based carriers of synthetic 
particles and their cargo, facilitating drug delivery to tumor cells. 



 

 
Figure 1. Communication between macrophages via tunneling nanotubes. 
 

 
Figure 2. A) CT reconstruction of tumor vasculature. B) MR imaging of V-Sense 
localization. 
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Spherical nucleic acids as potent immunostimulatory agents in cancer 

Chad A. Mirkin, chadnano@northwestern.edu. Chemistry, Northwestern 
University, Evanston, Illinois, United States 

Spherical nucleic acids (SNAs) are nanoparticle-oligonucleotide conjugates, 
where the oligonucleotides form a dense, spherical shell around a 
nanoparticle core. Unique properties, such as rapid cellular uptake and 
resistance to nuclease degradation, emerge from the spherical architecture. 
These properties are different than that of linear oligonucleotides and allow 
oligonucleotide-based therapeutics to be effective in vivo. 
 
One of the most promising applications of the SNA architecture is cancer 
vaccines, in which SNAs are composed of immunostimulatory nucleic acid 
sequences and tumor-specific antigens. The oligonucleotides on the surface 
of the SNAs activate the innate immune system through Toll-like receptors 
(TLR) in antigen-presenting cells (APCs). These APCs then mature and 
present the target antigen to killer T-cells, which kill the tumor cells. We show 
that the SNA architecture leads to increased co-delivery of oligonucleotide 
and antigen to the same APC compared to linear oligonucleotide-antigen 
mixtures, which results in a higher T-cell activation. As a consequence, SNAs 
activate a 400-fold more potent cellular response against tumor cells 
compared to linear oligonucleotide-antigen mixtures. We show that, in a 
lymphoma model, these improvements result in a decreased tumor volume 
and increased survival compared to free antigen. Currently, we are developing 
SNA vaccines against prostate cancer, melanoma, lymphoma and triple 
negative breast cancer. 

COLL 32 

Imaging and therapy induced by acoustic stimulation of condensed 
fluorocarbon droplets 

Andrew P. Goodwin, andrew.goodwin@colorado.edu. Univ Colorado 
Boulder, Boulder, Colorado, United States 

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 act as imaging agents, damage 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 microbubbles with 
fluorocarbon interior (C4F10, C5F12, or C6F14) produce metastable, fluid-filled 
nanoparticles that can be re-imaged upon administration of HIFU. The 
nanoparticles produced by destruction of the microbubbles (MBNPs) are of 
150 nm average diameter and can be re-imaged for up to an hour after 
creation for C 4F10, and for at least one day for C5F12. The active species were 
found to be fluid (gas or liquid) filled nanoparticles rather than lipid debris. The 
acoustic droplet vaporization threshold of the nanoparticles varied with the 
vapor pressure of the encapsulated fluorocarbon, and image brightness 
increased dramatically when the temperature was raised above the normal 
boiling point of the fluorocarbon. Finally, the vaporization threshold decreases 
in serum as compared to buffer, and administration of HIFU to the 
nanoparticles caused breast cancer cells to completely detach from their 
culture substrate. This work demonstrates a new functionality of microbubbles 
that could serve as a platform technology for ultrasound-based theranostics. 
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Magnetically responsive nanocarriers for cancer theranostics 
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(2) Chemistry, University of Maryland, College Park, Lanham, Maryland, 
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Inorganic nanoparticles (NPs) have been widely explored for the treatment, 
diagnosis, and detection of many diseases, because of their unique features 



as compared with their organic and polymeric counterparts. Among others, 
the response of superparamagnetic NPs such as iron oxide NPs (IONPs) to 
magnetic fields enables their contrast-enhanced magnetic resonance imaging 
(MRI), effective hypothermia therapy, and targeted delivery of therapeutic 
agents. The assembly of IONPs with polymers enhances their stability and 
biocompatibility in physiological environment, as the hydrophobic nature of 
these NPs synthesized by solvothermal synthesis approaches makes them 
unsuitable for direct use in biological conditions. Moreover, the clustering of 
MNPs within such as vesicular membranes can dramatically increase the MRI 
contrast and responsiveness to external magnetic field, because of their size-
dependent transverse relaxivity and magnetic moment. In particular, vesicles 
embedded with IONPs in the membrane are ideal candidates of delivery 
vehicles, thanks to their high drug loading content, magnetically-triggered 
release, and high magnetization per vesicle. To date, a variety of IONPs-
bearing vesicles (e.g., liposomes or polymersomes) have been developed for 
hyperthermia therapy and targeted chemotherapy. However, most of existing 
platforms suffer from insufficient magnetization or limited capability of 
encapsulating hydrophilic or hydrophobic drugs. To tackle the challenge, we 
have recently developed a versatile strategy for the design of drug-
encapsulated magnetic nanovesicles with extremely high loading of IONPs 
(and gold NPs) in the polymer membrane for imaging-guided targeted delivery 
of therapeutics. In this talk, I will present the self-assembly of polymer-
functionalized IONPs into vesicles with densely packed IONPs in the 
membrane and the application of the nanocarriers for imaging-guided 
chemotherapy of tumors and localized drug delivery for uveitis treatment. 
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Synthesis and optimization of a theranostic microRNA-loaded 
PolyGOLD nanoparticle for targeting glioblastoma: In-vitro 
characterization 

Meenakshi Malhotra, meen.malhotra@gmail.com, Ramasamy Paulmurugan, 
Tarik Massoud. Radiology, Stanford University, Palo Alto, California, United 
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Crossing the blood brain barrier (BBB) is the most challenging aspect of 
targeting imaging and therapeutic agents to the brain. To circumvent the BBB, 
the intranasal route of delivery offers an alternative anatomical window to 
deliver therapeutics intracranially. The current in-vitro study is aimed at 
developing a theranostic polyfunctional nanoparticle delivery system of size 
20-50 nm to target the brain cancer, glioblastoma. The nanoparticle has an 



iron oxide and gold (core-shell) structure, which enables molecular imaging of 
the nanoparticles for intracranial tracking using MRI and photoacoustic 
techniques. The gold shell of the nanoparticle is conjugated with thiol modified 
therapeutic oligonucleotides (miR-100 and antagomiR-21). The nanoparticle is 
electrostatically graphed with a cationic polymer, which is functionalized with a 
targeting T7 peptide that targets transferrin receptor on the surface of 
glioblastoma cells. The developed nanoparticles are characterized for their 
size, surface charge, morphology, serum stability and are tested for their 
cytotoxicity and therapeutic effect in p53 wildtype and mutant glioblastoma cell 
lines, U87 and Ln229 respectively. These cells are known to over-express 
miR-21 and under-express miR-100. MiR-21 targets multiple proteins of the 
p53, transforming growth factor-β, and the mitochondrial apoptotic pathways. 
Over-expression of miR-100 suppresses proliferation, induces apoptosis and 
causes cell-cycle arrest in tumor cells, downregulates PLK1 (which is 
associated with p53), and also enhances radiosensistization of tumor cells. In 
this study, we first evaluated the endogenous levels of miR-21 and miR-100 in 
U87 and Ln229 cells. We further evaluated the copy-numbers of antagomiR-
21 and miR-100 required in glioblastoma cells to cause a therapeutic effect. 
This therapeutic anticancer effect is further evaluated with and without 
temozolomide, a chemotherapeutic prodrug used clinically for the treatment of 
glioblastoma. These in-vitro characterizations will be further translated into in-
vivo proof-of-concept, to evaluate the efficacy of polyGOLD nanoparticles 
being administered intranasally in comparison to intravenous administration. 
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Enhancing T1 magnetic resonance imaging contrast with internalized 
Gadolinium(III) in a multilayer nanoparticle 

Naomi J. Halas, halas@rice.edu. Department of Electrical & Computer 
Engineering, Rice University, Houston, Texas, United States 

We demonstrate a magnetic resonance image-enhancing nanoparticle with 
the potential for use in multiple biomedical imaging and therapeutic 
applications. The nanoparticle contains internal Gadolinium ions for 
T1 imaging contrast, located between an inner core and outer Au layer, in a 
multilayered geometry. The proton relaxivity is enhanced through longer-
range interactions with the protons outside the nanoparticle, a radical 
departure from the molecular chelates currently in use for MRI. This new 
geometry provides a very large relaxivity enhancement (r1~ 24 mM-1s-1) 
compared to conventional chelating agents (Gd-DOTA: r1~3 mM-1s-1) at high 
magnetic fields (4.7 Tesla). This MRI-enhancing nanoparticle geometry opens 



new opportunities for the development of multifunctional MRI-active 
nanoparticles for biomedical applications 
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Towards biocompatible surface enhanced Raman spectroscopy (SERS) 

Laura Sagle1, saglela@uc.edu, William Lum2, Ian Bruzas3, Jamison 
Reifsteck2, Zohre Gorunmez4, Jie He1. (1) Chemistry, University of Cincinnati, 
Cincinnati, Ohio, United States (2) Department of Chemistry, University of 
Cincinnati, Cincinnati, Ohio, United States (4) Physics, University of 
Cincinnati, Cincinnati, Ohio, United States 

Surface enhanced Raman spectroscopy (SERS) has proven to be a powerful 
technique for both biosensing and single molecule spectroscopy 
measurements. However, the incompatibility of most SERS substrates with 
biological species has limited its use in bioanalytical and biophysical 
measurements. This talk will highlight two recent projects in the Sagle group 
to increase the biocompatibility of SERS substrates. The first project involves 
fabricating surface-bound fractal-type metallic arrays on flexible plastic 
substrates for use as a wearable SERS sensor platform. The ideal use of 
such a platform would be for non-invasive testing of biological fluids, such as 
sweat or tears, for given small molecule biomarkers. The second project 
involves the development of liposome-based SERS substrates for use in 
biophysical measurements. These liposome-based nanoparticle on mirror 
substrates in which the biological probe molecule is encapsulated within the 
liposome component, rather than tethered to or squeezed in between the 
metallic surfaces, exhibit high SERS enhancements greater than 106. Such 
substrates also look promising in terms of good substrate fidelity, modest 
changes in temperature, and increased biocompatibility. 

COLL 37 

Non-resonant large format SERS substrates for selective detection and 
quantification of xylene isomers 

Niveen M. Khashab, niveen.khashab@kaust.edu.sa. KAUST, Thuwal, Saudi 
Arabia 

Low limit detection and quantification of heavily used aromatic compounds is 
critical for industries as well as environmental and healthcare protection. In 
this study, semiconductor/noble metal nanostructures are fabricated as 



SERS-active substrates for analytical and quantitative detection of xylene 
isomers. These substrates are composed of a standing array of zinc 
oxide/gold core-shell structures encapsulated by a silica coating. Their 
performance is verified by obtaining the composition of xylene isomers in a 
xylene histological grade sample and compared to gas chromatography (GC) 
data, which showed a mere 2.9% error for o-xylene and 3.7% error for m, p-
xylene. The detection limit of this substrate is 14 ppm for o,m-xylene and 35 
ppm for p-xylene. 
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Using plasmonic sensing to monitor the self-assembly of anisotropic 
nanoparticles in polymer nanocomposite 

Zahra Fakhraai1, fakhraai@sas.upenn.edu, Chen Li1,3, Melissa Vettelson1, 
Ethan Glor3,1, Robert Ferrier4, Russell J. Composto2. (1) University of 
Pennsylvania, Philadelphia, Pennsylvania, United States (2) Materials 
Science Eng., University of Pennsylvania, Philadelphia, Pennsylvania, United 
States (3) University of Pennsylvania, Philadelphia, Pennsylvania, United 
States (4) University of Texas-Austin, Austin, Texas, United States 

Polymer/noble metal nanocomposites are of interest for various applications 
due to their interesting optical and mechanical properties. In composite thin 
films, characterizing properties such as nanoparticle dispersity, orientation of 
anisotropic particles, and the degree and orientation of aggregation is 
important in predicting optical properties. However, techniques to readily 



characterize these properties are limited. Here, we use spectroscopic 
ellipsometry to characterize the properties of nanocomposite thin films of 
polymer/gold nanorods. The optical properties of the nanorods are modeled 
as an effective index of refraction for a disordered meta-material. This 
effective medium index is then related to the longitudinal surface plasmon 
resonance (LSPR) of the nanorods. The degree of birefringence in the LSPR 
frequency, as determined by variable angle ellipsometry measurements, can 
help determine the average orientation of the rods in the thin film as well as 
the degree of aggregation. With this method, one can quickly and accurately 
define the average orientation and average aggregation of nanorods within a 
nanocomposite with a single measurement, with accuracy much beyond what 
is available using a combination of UV/Vis and TEM measurements. 
Ellipsometry also allows us to perform in-situ variable temperature and solvent 
annealing measurements to monitor properties such as nanoparticle shape 
and the glass transition temperature of the matrix in ultra-thin films of 
nanocomposites, or their response to solvent infiltration. This technique can 
also be readily used in a variety of applications such as temperature sensing 
and other sensing applications such as hydrogen sensing. 
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Multimodal stem cell imaging and tracking 

Sumaira Ashraf1, sumaira606@gmail.com, Michael Barrow3, Joan 
Comenge1, Arthur Taylor4, Jack Sharkey4, Patricia Murray4, Bettina Wilm4, 
Antonius Plagge4, Harish Poptani4, Matthew Rosseinsky3, Raphael Levy2. (1) 
Department of Biochemistry, Institute of Integrative Biology, University of 
Liverpool, Liverpool, United Kingdom (2) University of Liverpool, Liverpool, 
United Kingdom (3) Department of Chemistry, University of Liverpool, 
Liverpool, United Kingdom (4) Institute of Translational Medicine, University of 
Liverpool, Liverpool, United Kingdom 

Monitoring the bio-distribution of transplanted cells is essential to assess the 
safety and efficacy of cell based regenerative medicine therapies. Cells are 
generally labelled prior to implantation with various nanomaterials or contrast 
agents. However, each imaging probe or modality has its limitations in terms 
of sensitivity, spatial and temporal resolution. To address these limitations, we 
have developed a multimodal imaging probe, based on polyelectrolyte 
multilayered micro-capsules incorporating, iron, gold and gallium based 
nanoparticles inside a single entity for localizing and imaging stem cells, 
using in vivo magnetic resonance, optoacoustic tomography, and 
bioluminescence imaging. We have evaluated the cellular uptake and toxicity 



of the capsule based probes, the amount of probes delivered and their long 
term fate in vitro. The limits of detection sensitivity of the probes was tested in 
phantoms, prior to preclinical proof of principle experiments. 
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Fluorescent gold nanoclusters on/in cells visualized by fluorescence 
lifetime imaging microscopy 

Marina Mutas1,2, marina.mutas@chemie.uni-hamburg.de, Tim Hadler1, 
Christian Strelow1, Tobias Kipp1, Alf Mews1. (1) Institut für Physikalische 
Chemie, Hamburg, Germany (2) The Hamburg Centre for Ultrafast Imaging, 
Hamburg, Germany 

We use fluorescence lifetime imaging microscopy (FLIM) to analyze binding 
and internalization of gold nanoclusters (AuNCs) on/in cells. FLIM is a 
powerful method to discriminate between emitters of different fluorescence 
lifetimes. AuNCs with mercaptoundecanoic acid as the stabilizing ligand 
(MUA-AuNCs) show a fluorescence emission that peaks at a wavelength 
around 525 nm, which is in the same wavelength region as the 
autofluorescence of a biological cell. However, the fluorescence decay time of 
the MUA-AuNCs (100 ns) is much longer in comparison to the 
autofluorescence (3 ns). We biofunctionalize these MUA-AuNCs with an 
aptamer that specifically binds to the interleukin-6-receptor expressed on the 
cell's membrane. To get an image of the whole cell and the bound and 
internalized AuNCs we use cross-sectional FLIM scans in axial direction at 
different heights through the cell. With this technique we are able to visualize 
specifically bound and internalized aptamer-MUA-AuNCs using different FLIM 
methods and compare the results with semi-empirical simulations. Figure 1 (a) 
shows the FLIM image of a cell incubated for 10 min with the aptamer-MUA-
AuNCs. The clusters (green) are attached on the cell’s membrane. In contrast, 
the FLIM image in figure 1(b) shows a cell incubated twice for 10 min with 
internalized AuNCs. By varying the incubation time we are able to distunguish 
the binding and internalizing of the aptamer-MUA-AuNCs. 

 



 
FLIM images of a BaF3 cell with aptamer-MUA-AuNCs incubated (a) for 10 min and 
(b) twice for 10 min with corresponding color maps (brightness is a measure for 
intensity and the color represents the lifetime). 

COLL 41 

Imaging dynamic surface chemistry on plasmonic nanoparticles 

Katherine A. Willets, kwillets@temple.edu. Department of Chemistry, 
Temple University, Philadelphia, Pennsylvania, United States 

The use of plasmonic nanoparticles for sensing or nanomedical applications 
relies on the introduction of targeting ligands to the surface of the 
nanoparticles, typically through thiol-based chemical attachment. While we 
often treat the assembled surfaces as static in nature, dynamic rearrangement 
of the surface, especially under laser excitation, is possible. This talk will 
describe how we can use various optical techniques, such as fluorescence 
and SERS, to follow molecules attached to the surface of plasmonic 
nanoparticles in order to better understand how restructuring at the 
nanoparticle-organic interface occurs. 
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Liposome templated hollow metal nanoshells for biocompatible SERS 

Ian Bruzas1, ibruzas74@gmail.com, William Lum2, Zohre Gorunmez2, Laura 
Sagle1. (1) Chemistry, University of Cincinnati, Cincinnati, Ohio, United States 
(2) Department of Chemistry, University of Cincinnati, Cincinnati, Ohio, United 
States 

Surface enhanced Raman scattering is a powerful tool for direct molecular 
identification and characterization. There is enormous potential for the 
application of SERS to the biophysical characterization of proteins, as there is 
rich structural information in the vibrational spectrum and no need for dye 



labels that may perturb protein structure. SERS does, however, generally 
require the adsorption and interaction of a protein and metal surface, which 
often leads to structural changes that may influence function. To improve the 
biocompatibility of metal nanoparticles for protein SERS applications we have 
prepared and characterized a metal nanoshell grown around a liposome 
where the analyte is encapsulated in the liposome core. A liposome 
containing a small mol% of a positively charged DOTAP lipid is used to direct 
the metal nanoshell growth around the outside of the liposome. Crystal violet 
trapped within the liposome is used to assess the SERS enhancement from 
inside the nanoshells. We characterize the optical properties and SERS 
capabilities of these structures through correlated single nanoparticle dark-
field scattering and SERS measurements. The optical properties are then 
associated with nanoshell structural details through correlated electron 
microscopy. 
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Monitoring the oxidation kinetics and size evolution of sapphire-
immobilized hemispherical Ag nanoparticles at aqueous interfaces 

Thao Duong, thaoduong@temple.edu. Chemistry, Temple University, 
Philadelphia, Pennsylvania, United States 

Noble metal nanoparticles (NPs) have found applications in catalysis, sensing 
and energy conversion. Of particular interest, silver NPs (AgNPs) have 
recently been recognized as antimicrobial agents whose activity may be 
governed by oxidative dissolution. Unlike other noble metal nanoparticles, 
AgNPs readily oxidize to form a water soluble Ag2O layer in the presence of 
atmospheric oxygen. In this work, ligand-free AgNPs in aqueous and ambient 
environments are monitored using optical spectroscopic techniques and 
Atomic Force Microscopy (AFM) to determine the mechanisms of these 
environmental dependent transformations. 
 
The growth and disappearance of the Ag2O layer are most likely accompanied 
by changes in NP shape, size and distribution. UV-Vis spectroscopy monitors 
the AgNPs in ambient air via shifts in the localized surface plasmon 
resonance (LSPR) with time dependence that suggests this oxidation process 
follows Langmuir kinetics. The removal of Ag2O encasing the AgNPs is 
evinced through spectral blue shifts in the LSPR. AFM measurements are 
conducted to track the dissolution in situ and the evolution of surface 
morphology of NPs before and after removal of the oxide layer over multiple 



cycles of oxidation and reduction. The correlation between the optical 
response and changes in the nanoparticles will be discussed. 

COLL 44 

Plasmonic nanostructured biosensors and organic photovoltaics 

Zakya H. Kafafi1, kafafiz@gmail.com, Filbert J. Bartoli1,2. (1) Electrical and 
Computer Engineering, Lehigh University, Bethlehem, Pennsylvania, United 
States (2) Division of Electrical, Communications & Cyber Systems, National 
Science Foundation, Alexandria, Virginia, United States 

Plasmonic nanostructures have been incorporated in biosensors and organic 
photovoltaics to improve their performance. Label-free detection of specific 
target analytes and differentiating them from interfering background effects 
present a crucial but challenging task in the complex multi-component 
solutions commonly encountered in biomedical and environmental sensing 
applications. An overview of recent progress on circular plasmonic 
interferometric biosensors will be presented. Organic semiconductors used as 
light-harvesting and charge transport materials in photovoltaic devices have 
poor electrical conductivity and short exciton diffusion length. Solar cells 
based on these materials fabricated over large area flexible or rigid substrates 
are very promising but do not absorb enough solar light. Incorporation of 
metallic plasmonic nanostructures in these devices offers an attractive means 
to dramatically increase the device optical thickness while maintaining its 
physical thickness very thin. This leads to a dramatic increase in the device 
short-circuit current density and power conversion efficiency. An overview of 
recent progress on plasmonic and nanophotonic enhanced solar cell devices 
will be presented. 
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Polymer-enabled SERS sensing 

Christy L. Haynes, chaynes@umn.edu. Univ of Minnesota, Minneapolis, 
Minnesota, United States 

This talk will focus on employing polymer-based affinity agents paired with 
SERS substrates to detect various target analytes within complex matrices. 
This novel sensing scheme will be exemplified through the detection of ricin B-
chain (RBC) in water and liquid food matrices using an N-acetyl-
galactosamine glycopolymer capture layer on a film over nanospheres SERS 



substate. The sensing scheme’s detection limit is well below that of the 
predicted oral exposure limit. Theoretical predictions of the normal Raman 
spectrum of the glycomonomer give insight into polymer–RBC intermolecular 
interactions. Preliminary results aimed at other targets, namely agriculturally 
relevant foodborne toxins, will demonstrate the generality of this sensing 
system. 
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Efficient hot electron transfer by plasmon induced interfacial charge 
transfer transition 

Tianquan Lian, tlian@emory.edu. Emory Univ, Atlanta, Georgia, United 
States 

Surface plasmon resonance in metal nanostructures has been widely used to 
enhance the efficiency of semiconductors and/or molecular chromophore 
based solar energy conversion devices by increasing the absorption or energy 
transfer rate through the enhanced local field strength. In more recent years, it 
has been shown that excitation of plasmons in metal nanostructures can also 
lead to the injection of hot electrons into semiconductors and enhanced 
photochemistry. This novel mechanism suggests that plasmonic 
nanostructures can potentially function as a new class of widely tunable and 
robust light harvesting materials for solar energy conversion. However, 
plasmon-induced hot electron injections from metal to semiconductor or 
molecules are still inefficient because of the competing ultrafast hot electron 
relaxation processes within the metallic domain. 
In this paper we discuss a recent study on the plasmon-exciton interaction 
mechanisms in colloidal quantum-confined semiconductor-gold nanorod 
heterostructures. In CdSe NRs with Au tips, the distinct plasmon band of the 
Au nanoparticles was completely damped due to strong interaction with the 
CdSe domain. Using transient absorption spectroscopy, we show that optical 
excitation of plasmons in the Au tip leads to efficient hot electron injection into 
the semiconductor nanorod. In the presence of sacrificial electron donors, this 
plasmon induced hot electron transfer process can be utilized to drive 
photoreduction reactions under continuous illumination. We propose that the 
strong metal/semiconductor coupling in CdSe/Au hetersostructures leads to a 
new pathway for this surprising efficient hot electron transfer. In this plasmon 
induced interfacial charge transfer transition (PICTT) the a plasmon decay by 
direct excitation of an electron from the metal to semiconductor, bypassing the 
competition with hot electron transfer in metal. Ongoing studies are examining 
the generality of this mechanism and exploring possible approaches for 



improving its efficiency through controlling the size and shape of the 
plasmonic and excitonic domains. 

COLL 47 

Different mechanisms for the enhanced transmission in a nanoparticle 
array 

Shengli Zou, shengli.zou@ucf.edu, Yadong Zhou. Chemistry, University of 
Central Florida, Orlando, Florida, United States 

Enhanced Transmission in metal nanostructures hold promise for applications 
in different fields. Using numerical approaches, we found that enhanced 
transmission in a nanoparticle array can be controlled by the excited dipoles 
or quadrupoles, a quick switch between total transmission and total reflection 
can be realized by changing the incident wavelength over 10 nm. We also 
investigated the enhanced transmission of particle arrays when they are 
placed near a flat metal film and found that both localized and propagating 
surface plasmons are important in enhancing the transmission efficiency of 
the system.  

COLL 48 

New insights into SERS/TERS/FSRS mechanisms 

George C. Schatz, g-schatz@northwestern.edu. Chemistry, Northwestern 
University, Evanston, Illinois, United States 

I describe several recent advances in the use of electronic structure theory 
and electrodynamics to describe SERS/TERS and FSRS. Recently we 
(Rebecca Gieseking and I) have developed semiempirical INDO/S methods 
for describing the plasmonic properties of silver clusters with a few dozen 
atoms. The advantage of the semiempirical INDO/S method is that it is not 
subject to self-interaction errors, so it can describe charge-transfer excited 
states properly. Because of this it is possible to describe the charge transfer 
contribution to the chemical effect in SERS accurately, including 
nonplasmonic SERS measurements, i.e., with semiconductors, that are based 
on resonance Raman scattering in combination with charge transfer states. In 
addition, we are able to use this method to describe electrochemical reactions 
that are detected using TERS, and we compare with recent single molecule 
TERS studies from the Van Duyne group. And finally, we (Mike McAnally, Jeff 
McMahon, and I) present a new theory of surface-enhanced FSRS, showing 



that the electromagnetic enhancement factor for this method has a dispersive 
component that arises from the complex polarization response of the 
plasmonic particle. 

COLL 49 

Interfacial ligand dynamics and chemistry on highly curved Au 
nanoparticle surfaces: A plasmon-enhanced spectroscopic study 

Hui Wang, huiwangchemistry@gmail.com. Department of Chemistry and 
Biochemistry, The University of South Carolina, Columbia, South Carolina, 
United States 

The interfacial adsorption, desorption, and exchange behaviors of thiolated 
ligands on nanotextured Au nanoparticle surfaces exhibit phenomenal site-to-
site variations essentially dictated by the local surface curvatures, resulting in 
heterogeneous thermodynamic and kinetic profiles remarkably more 
sophisticated than those associated with the self-assembly of organothiol 
ligand monolayers on the atomically flat surfaces of planar Au substrates. 
Here we use surface-enhanced Raman scattering as a plasmon-enhanced 
spectroscopic tool with unique time-resolving and molecular fingerprinting 
capabilities to quantitatively correlate the interfacial ligand dynamics with 
detailed molecular structures in real time under a diverse set of ligand 
adsorption, desorption, and exchange conditions at both equilibrium and non-
equilibrium states, which enables us to delineate the effects of nanoscale 
surface curvature on the binding affinity, cooperativity, structural ordering, and 
the adsorption/desorption/exchange kinetics of organothiol ligands on colloidal 
Au nanoparticles. We have also discovered several unconventional coupling 
reactions between thiophenol derivatives chemisorbed on Au nanoparticle 
surfaces that otherwise will not occur in the absence of the Au nanoparticles. 

COLL 50 

How molecular protonation promotes adsorption and SERS 
enhancements 

Hoa T. Phan1, hoa-phan@uiowa.edu, Amanda J. Haes2. (1) Chemistry, 
University of Iowa, Iowa City, Iowa, United States (2) Chemistry, University of 
Iowa, Iowa City, Iowa, United States 

Gold-coated silver nanoparticles stabilized inside thin, microporous silica 
membranes are ideal substrates for studying molecular adsorption and 



enhancement mechanisms in surface-enhanced Raman scattering (SERS). 
These nanostructures provide both enhanced and stable spectroscopic 
signals thus facilitating investigations as to how molecular protonation as well 
as molecule-molecule, molecule-silica, and molecule-gold surface interactions 
impact SERS detection. Specifically, SERS signals of 4-mercaptobenzoic acid 
exhibit three vibrational frequencies including C-S symmetric, C-C anti-
symmetric, and C-C symmetric stretches that reveal systematic, time-
dependent signal variations when the solution pH is varied near the pKa of the 
carboxylic acid group of the molecule. The rate and various vibrational mode 
signals indicate that neutral forms of the molecule are transported through the 
silica membrane and adsorbed more quickly than deprotonated molecules. 
This phenomenon is attributed to molecular deprotonation that leads to an 
increased energy barrier that must be overcome for molecular entry into the 
silica membrane prior to adsorption. In addition, deprotonated molecules 
exhibit a higher electron density in their aromatic rings vs. neutral species. 
Because these nanostructures are electromagnetically stable, time and pH-
dependent responses of vibrational modes that are sensitive to both chemical 
and electromagnetic enhancement mechanisms are evaluated and significant 
differences are observed. As such, these studies can be used for elucidating 
enhancement mechanism contributions in SERS and for investigating mass 
transport mechanisms of small molecules through membranes. 

COLL 51 

Gold nanoparticle oligomers for surface-enhanced femtosecond 
stimulated Raman spectroscopy 

Bogdan Negru1,2, Emily Sprague-Klein1, Tyler Ueltschi1, Michael O. McAnally1, 
George C. Schatz1, Richard P. Van Duyne1, 
vanduyne@northwestern.edu. (1) Chemistry, Northwestern University, 
Evanston, Illinois, United States (2) Chemistry, Sonoma State University, 
Rohnert Park, California, United States 

Surface-enhanced femtosecond stimulated Raman spectroscopy (SE-FSRS) 
is a promising technique that can be used to study the ultrafast dynamics of 
molecular systems with high sensitivity, temporal resolution, and spectral 
resolution. SE-FSRS however, has been mostly limited to proof of principle 
experiments due to a lack of adequate plasmonic substrates. Thus far, SE-
FSRS experiments have been performed on commercially available, highly-
enhancing SERS substrates containing gold nanoparticle aggregates encased 
in a protective silica shell. We present a simple aggregation/stabilization 
procedure for the formation of gold nanoantennas from gold monomers with 



tunable plasmonic properties. Besides SE-FSRS, these nanoantenna 
substrates are ideal for a variety of new spontaneous SERS experiments. 
Examples of two-color SERS to detect plasmon driven chemistry will be 
presented. 

COLL 52 

Effect of star polymer composition and morphology on adsorbed layers 
formed at fluid interfaces 

Yun-Ru Huang3, Krzysztof Matyjaszewski2, Robert D. Tilton1, 
tilton@andrew.cmu.edu. (1) Department of Chemical Engineering and 
Department of Biomedical Engineering, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (2) Department of Chemistry, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (3) 
Department of Chemical Engineering, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States 

Increasingly sophisticated controlled radical polymerization schemes have 
enabled the synthesis of complex polymer architectures, providing routes to 
novel macromolecular structures as candidates for advantageous emulsifiers 
or foaming agents. For example, multi-arm star polymers and architecturally 
similar polymer brush-grafted nanoparticles have proven to be not only 
effective emulsifiers but also significantly more efficient emulsifiers compared 
to more conventional particulate emulsifiers. Potential emulsifying or foaming 
applications serve as motivation to investigate basic interfacial phenomena for 
these materials adsorbing at fluid interfaces. This presentation considers the 
extent of adsorption, surface pressure generation and dilatational elasticity for 
adsorbed layers of multi-arm star polymers and for star polymers with a 
cyclodextrin core from which 14 arms are grafted per star. Results are 
compared for star polymers and for linear polymers with similar chemical 
compositions. All the polymers are water-soluble. For the cyclodextrin-core 
star polymers, variants are compared for which the arms are either pH-
sensitive weak polyelectrolyte homopolymers, nonionic homopolymers, 
diblock copolymers of these polyelectrolyte and nonionic polymers, or triblock 
copolymers with the polyelectrolyte and nonionic blocks extended to 
incorporate a zwitterionic outer block. These polymers are adsorbed to the 
air/water interface, the cyclohexane/water interface and the xylene/water 
interface. Xylene is a good solvent, which makes it possible to investigate the 
effect of the fluid phase from which the polymers adsorb to the interface. 

  



COLL 53 

Dimer crystallization of proteomimetic colloids by shape-designed chiral 
pathway selection 

Thomas G. Mason, mason@chem.ucla.edu, Po-Yuan Wang. UCLA Dept of 
Chem Biochem, Los Angeles, California, United States 

Inspired by crystals of dimerized proteins, we lithographically design and 
create monodisperse proteomimetic colloidal particles, or "proteoids", and we 
show that 2D Brownian systems of certain chiral proteoids self-assemble into 
dimer microcrystals by slowly crowding the proteoids. Using facially 
anisotropic roughness controlled depletion attractions, we form enantiopure 
Brownian monolayers of mobile, hard, microscopic, polymeric proteoids that 
are dispersed in water and stabilized against aggregation by a short-range 
screened-charge repulsion. Adding a circular head to one end of an achiral 
annular sector particle (i.e. C-shape) yields a chiral proteoid; this head 
sterically blocks one of two pathways for chiral dimerization, leading to 
enantiopure lock-and-key dimerization as the proteoids become crowded. 
Corrugations in the exterior surfaces of the chiral dimers that form also lead to 
ordering of these dimers into crystals in the presence of Brownian fluctuations. 
Optical microscopy reveals that dimer crystallization is kinetically facilitated 
and enhanced by tautomerization translocation reactions (TTRs), which 
effectively enable monomers to move readily in the dense system despite the 
crowding. These TTRs increase the rate of expulsion of monomer defects 
from within the crystallites, thereby facilitating crystal growth. Through precise 
shape-design of sub-particle features, we lithographically mutate the location 
of the circular head on the proteoid and show that even small changes can 
affect the crystallization kinetics as well as the primitive vectors of the dimer 
crystals that result. Thus, we have created a model experimental colloidal 
system for studying fundamental principles related to dimer crystallization, and 
we have demonstrated the equivalent of a quinary level of protein assembly 
by simply crowding certain shape-designed hard proteoids in the presence of 
entropic Brownian fluctuations. 
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Swelling kinetics of starch suspensions 

Ganesan Narsimhan, narsimha@purdue.edu. Dept of Agric Biological Eng, 
Purdue University, West Lafayette, Indiana, United States 

Starch pasting behavior influences the texture of a variety of food products. It 
is important to characterize the connection between the structure, composition 
and architecture of the starch granules and its pasting behavior to design 
modified starch of desirable rate of digestion and texture. In this research, 
evolution of granule size distribution of waxy native maize starch when 
subjected to different heating temperatures and heating rates were 
characterized. The effect of extent of cross linking of maize starch on its 
swelling behavior was examined. The changes in starch architecture during 
swelling were characterized by cryo TEM. Polymer solution theory was 
applied to predict the evolution of granule size distribution of starch at different 
heating tempertues and rates in terms of its molecular weight, second virial 
coefficient and granule elasticity and compared with experimental data. A 
framework for the prediction of evolution of viscoelasticity of starch 
suspension during swelling was developed. 

COLL 55 

Stable silicon/carbon anodes for lithium-ion batteries prepared by 
emulsion-templating 

Yuzi Zhang, Brett L. Lucht, Arijit Bose, bosea@egr.uri.edu. University of 
Rhode Island, Kingston, Rhode Island, United States 



We confine silicon nanoparticles in the oil phase of an oil-in-water emulsion 
stabilized by carbon black (CB). These CB nanoparticles are both oil- and 
water-wettable. The hydrophilic/hydrophobic balance for the CB nanoparticles 
also causes them to form a network in the continuous aqueous phase. Upon 
drying this emulsion on a current collector, the CB particles located at the 
surfaces of the emulsion droplets form mesoporous cages that loosely 
encapsulate the Si particles that were in the oil. The CB particles that were in 
the aqueous phase form a conducting network connected to the CB cages. 
The space within the cages allows for Si particle expansion without 
transmitting stresses to the surrounding carbon network. Half-cell experiments 
using this Si/CB anode architecture show a specific capacity of ~1300 mAh/g 
Si + C, and a Coulombic efficiency of 97.4% after 50 cycles. In additional 
experiments, we replaced a small fraction of the CB with reduced graphene 
oxide (RGO). Because of its high aspect ratio, RGO is expected to form a 
conducting network at much lower volume loadings than CB. We significantly 
reduce the carbon loading in silicon-carbon (Si-C) anodes for LIBs using this 
technique. Emulsion-templating is a simple, inexpensive processing strategy 
that directs Si and conducting carbon particles to desired spatial locations for 
superior performance of anodes in lithium ion batteries. 
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Stimuli-driven delivery and release systems using liquid marbles 

Syuji Fujii1, s.fujii@chem.oit.ac.jp, Hisato Kawashima1, Maxime Paven3, 
Hiroyuki Mayama4, Hans-Jurgen Butt2, Yoshinobu Nakamura1. (1) Osaka 
Institute of Technology, Osaka, Japan (2) Max Planck Inst for Poly Res, 
Mainz, Germany (3) Physics at Interfaces, Max Planck Institute for Polymer 
Research, Mainz, Germany (4) Asahikawa Medical University, Asahikawa, 
Japan 

Remote control of the locomotion of small objects is a challenge in itself and 
may also allow for the stimuli control of entire systems. Here, it is described 
how encapsulated liquids, referred to as liquid marbles, can be moved on a 
water surface with a simple near-infrared laser or sunlight. Using light rather 
than pH or temperature as an external stimulus allows for the control of the 
position, area, timing, direction and velocity of delivery. This approach makes 
it possible to not only transport the materials encapsulated within the liquid 
marble but also to release them at a specific place and time, as controlled by 
external stimuli. Furthermore, it is shown that liquid marbles can work as light-
driven towing engines to push or pull objects. Being able to remotely transport 
and push/pull the small objects by light and control the release of active 



substances on demand should open up a wide field of conceivable 
applications. 
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Depletion with big and small colloids studied in microgravity 

Matthew Lynch1, lynch.ml@pg.com, Thomas E. Kodger2. (1) Corporate 
Research, Procter & Gamble Company, Cincinnati, Ohio, United States (2) 
Van der Waals-Zeeman Institute, University of Amsterdam, Amsterdam, 
Netherlands 

The effect of depletion on colloid-polymer mixtures is an area of continual 
interest and particularly studied for well-defined systems - for example, 
systems of monodispersed hard spheres. However, industrial problems (for 
example product stability) cannot be readily understood by extrapolations from 
systems of monodisperse spheres as commercial systems often contain a 
wide range of different size colloids. This talk will explore the effect of 
depletion in a range of colloidal mixtures containing big and small colloids, 
which show behaviors ranging from phase separation to gelation. These 
observations are possible due to the wonders of microgravity aboard the 
International Space Station, which allow for long-term coarsening of structures 
uninhibited by sedimentation. 

COLL 58 

Micelles and microemulsions: Interplay of ideas from surfactants and 
block copolymers 

Ramanathan Nagarajan, ramanathan.nagarajan.civ@mail.mil. Natick Soldier 
RDEC, Natick, Massachusetts, United States 

Low molecular weight surfactants and high molecular weight block 
copolymers display analogous self-assembly behavior in solutions and at 
interfaces, generating nanoscale structures of different shapes. 
Understanding the link between the molecular structure of these amphiphiles 
and their self-assembly behavior has been the goal of theoretical studies. 
Despite the analogies between surfactants and block copolymers, models 
predicting their self-assembly behavior have evolved independent of one 
another, each overlooking the molecular feature considered critical to the 
other. In this review, we focus on the interplay of ideas pertaining to 
surfactants and block copolymers in three areas of self-assembly. First, we 



show how improved free energy models have evolved by applying ideas from 
surfactants to block copolymers and vice versa, giving rise to a unitary 
theoretical framework and better predictive capabilities for both classes of 
amphiphiles. Second we show that even though molecular packing arguments 
are often used to explain aggregate shape transitions resulting from self-
assembly, the molecular packing considerations are more relevant in the case 
of surfactants whereas free energy criteria are relevant for block copolymers. 
Third, we show that even though the surfactant and block copolymer 
aggregates are small nanostructures, the size differences between them is 
significant enough to make the interfacial effects control the solubilization of 
molecules in surfactant micelles while the bulk interactions control the 
solubilization in block copolymer micelles. The consequence of small tail 
length of the surfactant and the large block size of the copolymer for the 
formation of microemulsions is discussed. 

COLL 59 

Three scenarios of macroion–counterion interaction demonstrated by 
the change of hydration shells of macroions 

Hui Li2, hl55@zips.uakron.edu, Jiazhi He2, Peng Yang1, Fadi Haso2, Jiayingzi 
Wu2, Ulrich Kortz1, Tianbo Liu2. (1) Jacobs University Bremen, Bremen, 
Germany (2) Department of Polymer Science, The University of Akron, Akron, 
Ohio, United States 

Studying the ion-pairs and hydration shells of macroions in aqueous solution 
is of great importance, as they are critical for understanding the processes like 
ion-transportation, biochemical hydrolysis and protein stability. Depending on 
the distance between cation and anion, and the position of solvent molecules, 
three types of ion-pair have been suggested: solvent-seperated (2SIP), 
solvent-shared (SIP), and contact ion-pair (CIP). To understand the ion 
association process, here two polyoxopalladate clusters 
Na6[MO8PdII

12(SeO3)8] (1a, M = Zn; and 2a, M = Ni) with identical size were 
chosen as models to study their interaction with small counter-cations, as well 
as the consequent change of their hydration shells. With the help of Laser 
Light Scattering (LLS) and Isothermal Titration Calorimeter (ITC), three well-
defined scenarios of macroion-counterion interaction were suggested in the 
same type of systems: monovalent ions (Na+, K+, Rb+, Cs+) loosely interact 
with the macroions, leaving both hydration shells intact (2SIP or free ions); 
divalent ions (Ba2+) moderately interact with macroions, making both lose 
partial hydration shells (SIP); trivalent (Y3+) ions with strongest interaction 



could destroy the oringinal water layer and form a new shared hydration shell 
(CIP). 

COLL 60 

Flow-induced shape reconfiguration, phase separation and rupture of 
bio-inspired vesicles 

Xiaolei Chu, Xiang Yu, Joseph Greenstein, Fikret Aydin, Geetartha 
Uppaladadium, Meenakshi Dutt, meenakshi.dutt@rutgers.edu. Chemical and 
Biochemical Engineering, Rutgers The State University of New Jersey, 
Piscataway, New Jersey, United States 

The structural integrity of red blood cells and drug delivery carriers through 
blood vessels is dependent upon their ability to adapt their shape during their 
transportation. Our goal is to examine the role of the composition of cell- and 
bacteria-mimetic vesicles on their shape during their transport through in a 
channel. Via the Dissipative Particle Dynamics simulation technique, we apply 
Poiseuille flow in a cylindrical channel. We investigate the effect of flow 
conditions and concentration of key molecular components on the shape, 
phase separation and structural integrity of the cell- and bacteria-mimetic 
vesicles. Our results show the Reynolds number and molecular composition 
of the vesicles to impact their flow-induced deformation, phase separation on 
the outer monolayer due to the Marangoni effect and rupture. The findings 
from this study could be used to enhance the design of drug delivery and 
tissue engineering systems. 

COLL 61 

Effect of solution viscosity on multi-electron transfer from repeated 
collisions of a single Ag nanoparticle on a Au electrode 

Donald A. Robinson1, donny.robinson@utah.edu, Yuwen Liu1,2, Martin A. 
Edwards1, Henry S. White1. (1) Chemistry, University of Utah, Salt Lake City, 
Utah, United States (2) Chemistry, Wuhan University, Wuhan, China 

Electrochemical dissolution of a 70 nm radius citrate-stabilized Ag 
nanoparticle on an Au microelectrode has been observed to produce multiple 
sharp peaks in the resulting oxidation current monitored over time, with 1-100 
ms durations in between each peak. The multiplicity of the peak behavior was 
previously interpreted to arise from multiple collisions of the same Ag 
nanoparticle on the electrode surface while simultaneously undergoing a 



partial oxidation/dissolution event upon each collision. 
Here, the role of Brownian motion on nanoparticle collision frequency is 
investigated by performing single nanoparticle collision experiments in 3 
different glycerol/water mixtures with viscosities of 0.96, 1.9, and 4.5 cP. The 
motion-dependent features of the single-nanoparticle oxidation signal, such as 
peak currents and peak frequencies, were averaged together from 160 
particle tracks per solution viscosity studied. The average motion-dependent 
parameters follow distinct trends as a function of the solution viscosity. Similar 
trends are observed from simulated current vs time traces that were 
generated for single Ag nanoparticles following a 3D random-walk model 
based on the theory of Brownian motion while simultaneously accounting for 
the collision-dependent current resulting from electrochemical Ag dissolution. 
These trends are explained based on nanoparticle/electrode collision 
frequencies obtained in random-walk simulations and analytical solutions 
derived from the basic theory of random walk. The findings support a 
microscopic model of electrochemical kinetics that unites Einstein’s theory of 
Brownian motion with the collisional dependence of reactions involving multi-
electron transfer. 

 

COLL 62 

Investigation of water interactions with silk using INS 

Christopher A. Crain, ccrain4@utk.edu. Chemistry, University of Tennessee, 
Knoxville, Tennessee, United States 



Widespread interest in producing bio-inspired materials underpins the 
renewed attention of natural silk materials because they exhibit extraordinary 
mechanical strength, toughness and offer promise in medicine for vaccine and 
drug delivery. For example, many vaccines and drugs require constant 
refrigeration prior to use because they must retain the proper folded shape to 
function properly. Silk proteins can be employed to stabilize the drugs by 
locking in the structure. The mechanical properties of many similar 
biomaterials are a direct reflection of an abundance of non-covalent (i.e. 
weak) interactions, which play a critical role in the assembly and performance 
of bio-structures like F-actin in muscles, tubulin in the cytoskeleton of cells, 
viral capsids, and silk. Two main factors that are critical for understanding 
silks: the nanoscale semi-crystalline β-pleated sheets, which adds strength 
and toughness, as well as the degree of hydration of the disordered fraction, 
which acts to modify these properties. Understanding and controlling how 
solvents interact with the surface is key in the functionality of protein 
elastomers, and render silk an ideal model protein for (bio)material design. 
We describe our investigation of the preparation, characterization and 
Inelastic Neutron Scattering (INS) studies of natural Bombyx mori silk fibroin 
proteins derived from natural silkworm cocoons. We present the results of in 
situ methods for monitoring/controlling the hydration using microbalance 
techniques. The bulk of these studies employed proteins deposited using 
electro spinning techniques. These technical improvements were incorporated 
into our INS studies and have enabled us to begin to reveal interesting 
microscopic dynamics heretofore not investigated or reported. 

COLL 63 

Calculation of free-energy of solvation for self-assembled systems: 
SWCNT-ssDNA hybrids in water/ alcohol mixtures 

Kevin Hinkle, kevin.hinkle@nist.gov, Frederick R. Phelan. NIST, 
Gaithersburg, Maryland, United States 

The unique structural, optical, and electronic properties of single-walled 
carbon nanotubes (SWCNTs) lend themselves to a breadth of potential 
applications. However, a difficulty in realizing widespread use of these 
materials is the polydispersity of samples in terms of size, chirality, and 
handedness due to the uncontrolled nature of current synthesis techniques. 
Numerous separation techniques with related protocols have been developed 
for use on SWCNTs. Most protocols involve adding surfactants to suspend the 
tubes in an aqueous media before using techniques such as ion-exchange 
chromatography (IEX) or aqueous two phase extraction (ATPE) to separate 



the SWCNTs based on their physiochemical properties. Single-stranded DNA 
(ssDNA) has proven to be an effective dispersant that exhibits sequence-
chirality specific binding behavior. Experimental work has displayed the ability 
to exploit this specificity to tune the separation for particular nanotube 
chiralities. However, the mechanism that leads to optimal ssDNA-sequence/ 
SWCNT-chirality pairs is not understood and the search for further successful 
pairs requires lengthy trial and error studies. In this study, we use replica 
exchange molecular dynamics (REMD) simulations to assemble the dispersed 
ssDNA-SWCNT complexes and then apply free energy perturbation methods 
to estimate their solvation energy. A novel free energy pathway has been 
proposed in order to calculate this quantity for such self-assembled systems. 
Additionally, the structure and dynamics of the solvent shell have been 
analyzed to better understand the behavior on a molecular level and to 
provide insight into how ssDNA sequence can play such a large role in the 
separation. These investigations work towards our ultimate goal of providing 
better insight into the sequence-chirality specific separation mechanism, and 
eventually developing a model that allows for the prediction of other pairs 
leading to the efficient sorting of a desired nanotube chirality. 

COLL 64 

Amphiphilic quaternary ammonium chitosans as biocompatible biofilm-
binding antimicrobial agents 

Joonhoo Jung, joonhoo_jung@student.uml.edu, Yuyu Sun. Chemistry, 
University of Massachusetts Lowell, Lowell, Massachusetts, United States 

Formation of biofilm on solid surface is a longstanding challenge to multiple 
medical and health-related applications. Once formed, biofilms are very 
difficult to remove. In this study, we synthesized amphiphilic quaternary 
ammonium chitosans (AQACSs) with long alkyl chains to bind onto biofilms 
and kill adherent microorganisms. The synthesis was confirmed with FT-IR 
and NMR studies. The minimum inhibitory concentration (MIC), minimum 
bactericidal concentration (MBC) and minimum fungicidal concentration 
(MFC) of the AQACSs against Staphylococcus epidermidis (a typical Gram-
positive bacteria), Escherichia coli (a representative of Gram-negative 
bacteria), and Candida albicans (an example of fungi), were determined. 
Microbial biofilms were formed on poly(methyl methacrylate) (PMMA, a typical 
biomaterial used for dental and medical applications). We found that the 
AQACSs bound onto the pre-formed biofilms, and killed the microorganisms 
within the biofilms. The biofilm-binding kinetics was established. MTT assay 
showed that the AQACSs have good biocompatibility with mammalian cells, 



pointing to great potentials of the new AQACSs as a class of biocompatible 
antimicrobial agents for managing biofilms on biomaterials. 

COLL 65 

Long acting injectable formulations of atovaquone for malaria 
prophylaxis 

Alison C. Savage1, asavage1@hotmail.co.uk, Lee M. Tatham2, Rahul P. 
Bakshi3,4, Abhai K. Tripathi4,5, Godfree Mlambo4,5, Theresa Shapiro3,4, Andrew 
Owen2, Steve Rannard1. (1) Chemistry, University of Liverpool, Hereford, 
United Kingdom (2) Molecular and Clinical Pharmacology, University of 
Liverpool, Liverpool, United Kingdom (3) Clinical Pharmacology, The Johns 
Hopkins University, Baltimore, Maryland, United States (4) The Johns Hopkins 
Malaria Research Institute, The Johns Hopkins University, Baltimore, 
Maryland, United States (5) Molecular Microbiology and Immunology, The 
Johns Hopkins University, Baltimore, Maryland, United States 

Malaria is a life threatening disease transmitted through the bite of infected 
mosquitoes. It affects hundreds of millions of people and poses a serious risk 
to non-immune travellers travelling to affected areas. Chemoprophylaxis of 
travellers going to these affected areas is the current strategy for managing 
and preventing new infections. Atovaquone is one of the chemoprophylaxis 
offered as a daily oral regimen, and its effectiveness relies on patient 
adherence to the course of treatment. A long acting injectable formulation 
would provide a new opportunity in prophylaxis of travellers, combating the 
issue of patient non-adherence and reducing the dosage per patient. We have 
developed atovaquone solid drug nanoparticles (SDNs) for use as a long 
acting injectable formulation, using excipients already utilised in FDA-
approved medicines. The materials were developed using an emulsion-
templated freeze drying approach, screening excipients to determine the best 
formulations, with 80 wt% drug loading achieved. Release rates were 
determined using radiolabelled drug incorporated into the formulations. Two of 
the selected formulations were found to give long-lived causal prophylaxis 
against malarial challenge in mice, and pharmacokinetic-pharmacodynamic 
analysis shows that this protection can translate to humans at clinically 
achievable and safe drug concentrations. This provides a new and effective 
opportunity for a long acting injectable antimalarial intervention, potentially 
offering protection for at least 1 month in humans after a single administration. 
The presented strategy sets a new paradigm for long acting injectable 
development, using existing solid drug nanoparticle strategies as depot 



formulations with demonstrable pharmacokinetic and pharmacodynamic 
benefits. 

 
Figure 1: Formulation strategy for the preparation of Atovaquone SDNs 

COLL 66 

Shewanella oneidensis MR-1 toxicity studies with CdSe and ZnSe 
quantum dots 

Denise N. Williams2, dwill3@umbc.edu, Sunipa Pramanik3, Christy L. 
Haynes1, Zeev Rosenzweig2. (1) Univ of Minnesota, Minneapolis, Minnesota, 
United States (2) Chemistry, University of Maryland Baltimore County, Bowie, 
Maryland, United States (3) University of Minnesota, Minneapolis, Minnesota, 
United States 

This presentation describes the characterization of luminescent CdSe, 
CdSe/ZnS, ZnSe and ZnSe/ZnS quantum dots (QD) and their impact on the 
viability of Shewanella oneidensis MR-1, an environmentally-relevant metal 
toxicity model. CdSe and ZnSe are II-VI QD systems being used in visual, 
bioimaging, and energy technologies. CdSe QDs are more widely used, but 
the development of ZnSe and other ‘cadmium-free’ QD technologies are 
becoming more prevalent driven by concerns of using toxic metal-containing 
materials. The synthesis of the two systems are similar hot injection method 
protocols, differing only in the shelling procedures. A ZnS shell is typically 
added to a QD core to protect the QD, and to improve its optical properties, 
chemical stability, and photostability. It is often assumed that the addition of 
the ZnS shell to the QD would appease the toxicity concerns, provided the 



shell is fully encapsulating and stable. Our studies show that this assumption 
may underestimate the other mechanisms of QD toxicity and how different 
environments may impact the shell, and thus QD, stability and toxicity. 

COLL 67 

Enthalpy of formation of wormlike micelles involving TTAB and halogen 
derivatives of benzoate 

Manazael Z. Jora1, manazaeljora@gmail.com, Edvaldo Sabadini2. (1) 
Institute of Chemistry, University of Campinas, Campinas, São Paulo, Brazil 
(2) Institute of Chemistry, University of Campinas, Campinas, São Paulo, 
Brazil 

Wormlike micelles have been found wide applications in various fields, such 
as drug delivery, enhanced oil recovery, rheology control, drag reduction 
agents and many home care, personal care and cosmetic products. Its 
formation is based on noncovalent interactions such as hydrophobic, 
screening electrostatic, π-π stacking, hydrogen bonding among others. The 
elongated structures can reach hundreds of nanometers in length and they 
are continuously breaking and recombining. The formation of wormlike 
micelles in aqueous solution with cationic surfactant is highly favored in the 
presence of hydrotropes such as derivatives of benzoate. In this study, we 
used tetradecyltrimethylammonium bromide (TTAB) and positional isomers of 
halogen benzoate as hydrotropes (Figure 1) to form wormlike micelles in 
aqueous solutions. 
The variation of enthalpy of such process was determined by using isothermal 
titration calorimetric measurements. The calorimetric results were also 
correlated with the ones obtained from light scattering and rheological 
experiments. 

 
 
Figure 1. Halogen benzoate derivatives used to form wormlike micelles. 
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New method to obtain viscoelastic properties at the nanoscale 

Li Li1, Fredy Zypman2, Steven J. Eppell1, sje@case.edu. (1) Biomedical 
Engineering, Case Western Reserve University, Cleveland, Ohio, United 
States (2) Yeshiva University, New York, New York, United States 

A sinusoidally varying damped oscillation is shown to be measurable just after 
the point of contact when an atomic force microscope tip interrogates a 
sample surface. These oscillations are shown to exist just below the noise in a 
single measurement. Autocorrelating 20 measurements using the snap to 
contact feature as the reference mark allows the signal to be clearly visible 
above the noise. The amplitude of these oscillations is shown to be largely 
insensitive to the speed with which the sample is brought toward the tip 
suggesting that the impulse that generates the signal comes primarily from the 
snap to contact event. It is argued that this sets a lower limit on how softly a 
sample may be interrogated when seeking mechanical properties in the 
surface region. The technique is used to create images of a 
polystyrene/polyethylene sample where the contrast mechanism is stiffness or 
viscosity. 



 
Shown at right is an atomic force microscope topograph. The bright circular features 
are made of polyethylene (PE). The background is made of polystyrene (PS). Shown 
at left are two processed images from averaged force-time curves collected over PS 
(top left) and PE (bottom left). 
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Modulation of morphology and optical properties of surfactant-free 
plasmonic branched nanoparticles 

Swarnapali De Silva Indrasekara, swarnapaliindrasekara@gmail.com, Tuan 
Vo-Dinh. Duke University, Durham, North Carolina, United States 

Among other plasmonic nanoparticles, surfactant-free branched gold 
nanoparticles have shown extraordinary performance as a photothermal 
transducer for cancer treatments and a platform for surface enhanced Raman 
spectroscopy-based bio/chemical sensing and imaging applications. The 
effectiveness and reliability of branched gold nanoparticles in biomedical 
applications rely strongly on the consistency and reproducibility of physical, 
chemical, optical and therapeutic properties of nanoparticles. Herein, we 



present the optimization of the bottom-up synthesis that improves 
reproducibility and homogeneity of plasmonic branched-nanoparticles, and the 
modulation of the morphology, particularly the branch density, dimensions and 
sharpness of branches to obtain desired optical properties and loading 
capacities of therapeutic agents on nanoparticles. 

COLL 70 

DNA-encoded control of morphologies of bimetallic nanoparticles 

Nitya Sai Reddy Satyavolu2, satyavo2@illinois.edu, Li Huey Tan3, Yi Lu1. (1) 
Dept of Chemistry, Univ of Illinois, Urbana, Illinois, United States (2) 
Chemistry, University of Illinois at Urbana Champaign, Champaign, Illinois, 
United States (3) Chemistry, University of Illinois at Urbana Champaign, 
Urbana, Illinois, United States 

Controlling the morphology and surface properties of nanoparticles allows fine 
tuning of their inherent physicochemical properties, which can translate to 
more effective use of these materials for various applications, such as 
biomedical imaging and catalysis. Recent reports have shown that capping 
ligands such as DNA can mediate shape control of metal nanoparticles in a 
sequence dependent manner. DNA’s excellent sequence programmability 
with the four nucleotides cytosine (C), guanine (G), adenine (A) and thymine 
(T) and its ease of chemical modification gives one access to a large range of 
possible nanoparticle morphologies. Most studies so far, however, have been 
focused only on DNA-encoded growth of monometallic particles such as gold 
and silver nanoparticles. We report the shape-control of bimetallic 
nanoparticles using DNA-based ligands. The presence of different homo-
oligomer DNA sequences containing 10 deoxy-ribonucleotides of thymine, 
adenine, cytosine, or guanine results in the growth of four distinct 
morphologies of a Pd-Au shell on a Pd cubic core. Detailed kinetic studies by 
absorption spectroscopy, scanning electron microscopy (SEM) and scanning 
transmission electron microscopy (STEM) reveal the underlying role of DNA in 
controlling Pd−Au nanoparticle growth morphologies. One major function of 
DNA is affecting various properties of the incoming metal atoms, including 
their diffusion and deposition on the Pd nanocube seed. Interestingly, the 
growth in the presence of the homo-oligomers follows different growth 
mechanisms determined by the binding affinities of each of the bases. The 
key steps involved in the growth bring us a step closer to using DNA-based 
ligands for controlling not only bimetallic nanoparticle morphologies, but 
potentially more complex hybrid materials. The capability to finely tune multi-
metallic nanoparticle morphology stems from the versatile structure that is 



unique to DNA in comparison to conventionally used capping agents in 
colloidal nanomaterial synthesis. 

COLL 71 

Study of structural and electronic changes in zirconia as a function of 
temperature 

Jennifer R. Soliz1, jennirosesoliz@gmail.com, Andrew Klevitch2, Coleman 
Harris2, Joseph Rossin3, Amy Ng4, Rhonda Stroud4, Adam J. Hauser2, 
Gregory Peterson1. (1) R&T Division, Edgewood Chemical Biological Center, 
Needville, Texas, United States (2) Department of Physics and Astronomy, 
University of Alabama, Tuscaloosa, Alabama, United States (3) Guild 
Associates, Dublin, Ohio, United States (4) NRL, Washington, District of 
Columbia, United States 

Chemical weapons continue to pose a threat to our national security. The 
development of the next generation of materials to sense and detect these 
threats remains a priority of the Department of Defense. Zirconia is one 
material that has been reported to remove toxic chemicals, and thus, it is of 
strong interest to the defense community. Understanding the impact of 
characteristic changes of zirconia powders as a function of temperature using 
techniques such as X-ray diffraction (XRD), X-ray photoelectron spectroscopy 
(XPS), Fourier transform infrared spectroscopy (FTIR), thermal gravimetric 
analysis (TGA), ultraviolet-visible (UV-Vis) spectroscopy, impedance 
spectroscopy, and transmission electron microscopy (TEM) will be discussed 
in this presentation. 

COLL 72 

Polyammonium cations in conjunction with metal nanoparticles: 
Functionalization and recognition 

Tarun K. Misra, tkmisra70@yahoo.com, Rupasree Choudhury. Chemistry, 
National Institute of Technology, Agartala, Agartala, Tripura, India 

Macrocyclic polyammonium cations (MCPACs) have been reputed as anion 
receptors since Lehn’s exploitation of them as anion-recognizers because 
they are treated as to mimic of biological polyamines and could readily form 
complexes with anions in biological and non-biological systems. In a quite 
different scenario, to stabilize metal nanoparticles (MNPs) in aqueous medium 
different types of anionic as well as cationic surfactants have widely been 



used. MCPACs: [32]ane-N8H16
8+ and [28]ane-O2N6H12

6+ were employed for 
the functionalization of Au/AgNPs in water and investigated their recognition 
property. N-(1-Naphthly)ethylenediammonium cations (NEDA2+, Bratton-
Marshall reagent) stabilized AgNPs (NEDA-Ag-NPs) was synthesized and 
explored their potential use for a chemo-sensor probe. They physically adsorb 
(Kads, 2.65x109 M-1) onto the surface of Ag-NPs and make them cationic with 
zeta potential value of 23±2 mV. Monitoring SPR band (e, 5.3x108 M-1cm-1) 
the potencies of particles for sensing pH and citrate anions have been 
explored. The citrate anions form association complex, NEDA2+---citrate3-, 
leading aggregation which is a kinetic effect. The aggregation kinetics was 
thus monitored for evaluating the association constant (Kasso) by studying UV-
vis and fluorescence spectroscopic tools. The critical coagulation 
concentrations (CCC) are considered to be the detection limit for citrate 
anions. The study of recognition of citrate anions adsorbed on the surface of 
silver nanoparticles (cit-Ag-NPs), by MCPACs was also studied. The H-
bonded association constant (logKasso) was evaluated by studying UV-vis 
spectroscopic tools. 

COLL 73 

Oxidation-induced transformation of eight-electron gold nanoclusters: 
[Au23(SR)16]- to [Au28(SR)20]0 

Tatsuya Higaki2, thigaki@andrew.cmu.edu, Chong Liu4, Yuxiang Chen2, 
Shuo Zhao5, Chenjie Zeng1, Nathaniel L. Rosi3, Rongchao Jin1. (1) Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States (2) Chemistry, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (3) Univ 
of Pittsburgh, Pittsburgh, Pennsylvania, United States (4) University of 
Pittsburgh, Pittsburgh, Pennsylvania, United States 

We present an oxidation-induced size/structure transformation (OIST) of 
thiolate-protected gold nanoclusters by H2O2 treatment under ambient 
conditions: from [Au23(S-c-C6H11)16]−TOA+ (S-c-C6H11: cyclohexanethiolate; 
TOA: tetraoctylammonium) to [Au28(S-c-C6H11)20]0. This is the first example of 
oxidation-induced transformation of one stable size to another with atomic 
precision. The product formed via oxidation was successfully crystallized and 
detailed structural analysis was performed by X-ray crystallography. The 
transformation process was carefully analyzed using optical absorption 
spectroscopy and electrochemical techniques in order to reveal the 
mechanism. This work adds a new dimension to the recently established 
size/structure transformation chemistry of nanoclusters with atomic precision. 



 

COLL 74 

Green colloidal chemistry-derived nanocomposite of silver-modified 
titania used for disinfectant 

Jingbo L. Liu, jingbo.liu@tamu.edu, Sajid Bashir. Chemistry, Texas A&M 
University-Kingsville, Kingsville, Texas, United States 

The study centers on developing nanocomposite (NC) materials via green 
colloidal synthesis to inactivate prokaryotes like Escherichia coli. Titania 
(TiO2), a photocatalyst has been extensively studied for disinfection, while 
silver as a bactericide has been documented. The originality focuses on use 
of bottom-up GS approach to produce Ag-modified TiO2 nanocompoiste with 
decreased band gap energy in the visible light range. The colloidal 
suspensions were stable over a year, as demonstrated by zetapotential at 
various pH (Fig. 1). NCs were found to be composed of near-spherical 
particles that were highly crystalline and mono-dispersive in size from 15.8 to 
22.5 nm (Fig. 2). The binding energies of Ag (Fig. 3a) and Ti (Fig. 3b) were 
well indexed with their associated standard spectra. Nanocomposite optical 
absorption properties were consistent with noble metal nanoparticles. The GS 
derived TANCs were successful in the removal of biological impurities from 
drinking and underground water supplies. Escherichia coli was inactivated 
using TANCs under visible light at ambient temperature and pressure. The 
results of the study indicated that NCs could be specifically designed to 
prevent growth of bacteria in water (Fig. 4). Significance of work is 
development of TANCs for inactivation of bacteria. 

 



 
 
Colloidal Synthesis and Structural Characterization 



 
Disinfection using nanocomposites 
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One-dimensional carrier confinement in giant CdS/CdSe excitonic 
nanoshells 

Mikhail Zamkov, zamkovm@bgsu.edu. BGSU, Bowling Green, Ohio, United 
States 

The emerging generation of quantum dot optoelectronic devices offers an 
appealing prospect of a size-tunable semiconductor band gap. Such flexibility 
of electronic properties, however, requires nanoparticles to be sufficiently 
small, which leads to a large area of inter-particle boundaries in a film, 
ultimately causing an inefficient charge flow. To address this issue, we have 
developed an inverse energy-gradient nanoparticle architecture designed to 
enable the quantum confinement in colloids for which all spatial dimensions 
exceed the exciton Bohr radius. The assembly of such nanostructures exhibits 



a relatively low surface-to-volume ratio while retaining the band gap tunability, 
which was manifested in this work through the enhanced conductance of 
solution-processed films. The reported geometry was realized by growing a 
narrow gap semiconductor layer (CdSe) on the surface of a wide-gap core 
material (CdS) promoting the localization of excitons in the shell domain. The 
band gap emission of fabricated nanoshells, ranging from 20 to 30 nm in 
diameter, showed similar size-dependent behavior as commonly observed for 
spherical quantum dots. Ultrafast transient absorption measurements 
revealed that excitations of a bulk-like core domain were followed by a rapid 
energy transfer to the shell with minimal carrier losses. The decay of excitons 
in the shell proceeded much slower than in the case of spherical dots with 
radiative lifetimes exceeding 600 ns. 

COLL 76 

Microwave-assisted hydrothermal synthesis of plasmonic nanomaterials 

Peter N. Njoki, pnnjoki@gmail.com. Chemistry & Biochemistry, Hampton 
University, Hampton, Virginia, United States 

Gold, silver and copper based nanoparticles exhibit plasmonic absorption of 
visible light causing their temperature to increase locally. The plasmonic effect 
of nanoparticles has been used to heat liquid, solids and solutions. This 
technique takes advantage of a resonant electronic phenomenon that can 
occur in metal nanoparticles to directly heat the catalyst particles using visible 
light. Nanoparticles are more effective than conventional catalysts because of 
their tremendous surface area-to-volume ratio and higher catalytic properties 
not found within their macroscopic counterparts. This presentation describes 
results of microwave-assisted hydrothermal irradiation aimed at developing 
the ability to control the size and composition of gold (Au) and gold-copper 
(Au-Cu) nanoparticles. We used Discovery-S microwaves (CEM Inc.) which 
are becoming common tools in research and teaching laboratory. The key 
component of microwave-assisted irradiation is that nanoparticle synthesis 
can be completed within minutes thereby saving time and energy. We 
explored a hydrothermal layer-by-layer processing method to fabricate binary 
Au-Cu alloy. Gold-copper system was chosen for this study since binary 
phase diagram shows that these two metals are completely miscible. Arrays 
of analytical techniques such as UV-Vis spectrophotometry, transmission 
electron microscopy and electrochemistry were used to characterize the 
nanomaterial. Future work will focus on supporting the nanoparticles onto the 
surface of perovskites oxides as heterogeneous catalyst for dry reforming of 
methane to synthesis gas. 
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Optical properties of sol-gel derived CdSe/Ag metal-semiconductor 
hybrid aerogels 

Dilhara Liyanage1, dewasingheda@vcu.edu, Tanner A. Nakagawara2, Umit 
Ozgur2, Indika U. Arachchige1. (1) Chemistry, Virginia Commonwealth 
University, Henrico, Virginia, United States (2) Department of Electrical and 
Computer Engineering, Virginia Commonwealth University, Richmond, 
Virginia, United States 

Metal and semiconductor nanoparticles (NPs) have attracted increasing 
interest due to their size and shape dependent optical properties. Metal-
semiconductor hybrid nanomaterials (HNMs) often exhibit markedly different 
physical properties from those of individual components due to strong 
coupling of plasmonic and excitonic energies. To date, metal-semiconductor 
HNMs have been studied via synthesis of core/shell and metal-modified 
semiconductor nanostructures that exhibit photoluminescent quenching. 
Recently, we have developed a novel strategy to produce metal-
semiconductor HNMs (aerogels) that exhibit novel/tunable photophysical 
properties. Co-gelation of CdSe and Ag NPs has been shown to efficiently 
integrate the plasmonic and excitonic energies. Herein, the extension of this 
strategy to produce HNMs composed entirely of spherical and rod-shaped 
CdSe and Ag hollow NPs will be discussed including detailed optical 
characterization via steady-state and ultrafast absorption and emission 
spectroscopy. The effects of synthetic parameters on the structure, 
morphology, composition, surface area and porosity of CdSe/Ag hybrid 
aerogels will be discussed. 
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Oxidation state measurements of cerium dioxide nanoparticles: The role 
of measurement parameters and in situ observations 

Aaron C. Johnston-Peck, aaron.johnstonpeck@gmail.com. Materials 
Measurement Science Division, National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States 

Cerium dioxide nanoparticles have a wide range of potential applications. 
Driving the use of cerium dioxide in these applications is based in its unique 
chemical properties, including the ability to readily alternate between the 
Ce3+ and Ce4+ oxidation states. Here, electron energy loss spectroscopy 



(EELS), and high-angle annular dark field scanning transmission electron 
microscopy (HAADF-STEM) is used to characterize nanoparticles with 
different morphologies and sizes. Collecting accurate measurements and 
understanding the context in which they were collected is important for 
interpretation and dissemination of the results. As such, the role of dose rate 
and the environment (partial pressure of oxygen) will be covered and how 
they can greatly influence the outcome of oxidation state measurements 
recorded by EELS. In situ oxidation and reduction of single cerium dioxide 
nanoparticles was tracked by HAADF-STEM and EELS. Imaging allows for 
high resolution characterization of this process with temporal resolution on the 
order of a second. Upon reduction, oxygen vacancies order and the particle 
transitions from the fluorite phase (CeO2) to multiple domains of the 
sesquioxide (C-Ce2O3) phase. Upon oxidation, the data reveals spatially-
dependent oxidation behavior; regions along certain facets oxidize more 
quickly than others. The physical origin of these observations will be 
discussed. 
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Non-locality driven circular dichroism of isotropic metal nanoparticles 

Jong-Won Park, jwonpark@gmail.com. Chemistry, Boston University, 
Boston, Massachusetts, United States 

Circular dichroism (CD) spectra of isotropic plasmonic nanoparticles with no 
structural dissymmetry have been measured in solution. We analyzed CD 
spectra of dispersed nanoparticles, having specific sizes ranging from 5 to 
150 nm in diameter, high-symmetry shapes including spheres, rods, prisms, 
and octahedra, and different types of metal including gold, silver, and copper. 
While helical assembles of nanoparticles typically produce strong CD 
responses, we found that individual nanoparticles exhibit weak ellipticity. The 
underlying mechanism of optical activity of single nanoparticles is attributed to 
spatial dispersion (non-locality). In crystals, optical activity is the first-order 
spatial dispersion of electromagnetic waves, which has long been forgotten 
since CD responses of plasmonic metal nanoparticles gained attention a 
decade ago. To study the non-local optical property of crystals, in general, 
one needs to consider a wavevector-dependent polarization along with 
transverse dielectric components, and longitudinal electric fields play a crucial 
role. The theory of optical activity of molecules is the quantum mechanical 
theory based on single electron dispersions, which the direct relationship 
between ellipticity sign and structural dissymmetry has been well-established. 
In contrast, nanoparticles are many-body systems, and thus optical activity of 



single nanoparticles may not be correlated with nanoparticles' morphologies 
under spatial dispersion. We discuss the non-locality-induced CD mechanism 
in details, including coupling of longitudinal-transverse fields, right/left-
handedness of dipolar/quadrupolar localized surface plasmons (LSPs), sum 
rules for the rotational strength, and CD-enhancement by Fano resonances. 
Also, the effects of multiple scattering and electron spin polarization are 
discussed. Noticeably, the field enhancement effect via chiral ligands 
adsorbed on nanoparticle surfaces was not observed, likely due to a screened 
Coulomb interaction between conduction electrons of the metals and 
molecular electrons in the presence of the positive jellium background. This 
study suggests that a field gradient exists in a nanoparticle in the direction of 
light propagation. 
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Responsive inorganic nanoparticle assemblies for cancer imaging and 
therapy 

Zhihong Nie1, znie@umd.edu, Kuikun Yang2. (1) Chemistry and 
Biochemistry, University of Maryland, College Park, Maryland, United States 
(2) Chemistry, University of Maryland, College Park, Lanham, Maryland, 
United States 

Cancer is the second leading cause of death in the United States, next only to 
heart disease. More effective diagnostic and therapeutic strategies are in 
urgent need for better management of patients with cancers. While single 
inorganic nanoparticles (NPs) are attractive for this application, the self-
assembly of NPs can yield materials with new or advanced properties that are 
different from their individuals. For example, the organization of Au NPs 
allows for tuning the absorption of NP ensembles in the near-infrared (NIR) 
window which is highly desired for in vivo biomedical imaging and delivery. 
The clustering of magnetic NPs within micelles dramatically increases the 
magnetic resonance (MR) imaging contrast and responsiveness to external 
magnetic field. It is, therefore, expected that the ability to design assembled 
structures with tailored spatial arrangement of NPs may facilitate the utilization 
of inorganic NPs in combating cancers. In this talk, I will present our efforts to 
develop new strategies for the self-assembly of polymer-functionalized 
inorganic NPs into functional hybrid materials and to evaluate the hybrid 
assemblies for cancer imaging and treatment. Specifically, I will introduce i) 
the molecular or atomic mimicking assembly of gold and magnetic NPs into a 
diverse range of complex nanoarchitectures; and ii) the utilization of hybrid 
assemblies, particularly vesicular structures containing gold NPs, magnetic 



NPs or both for effective multimodality cancer imaging (i.e., photothermal, 
photoacoustic, and MR imaging) and combinational cancer therapy (i.e., 
photothermal ablation of tumor, photodynamic therapy, and targeted delivery-
based chemotherapy). 
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Responsive polymers gated magnetic colloidosomes as multifunctional 
microreactors for programming biomolecular activity 

Gong Cheng1,2, chenggong24@gmail.com, Siyang Zheng3,2. (1) Department 
of Biomedical Engineering, The Pennsylvania State University, State College, 
Pennsylvania, United States (2) Material Research Institute, The 
Pennsylvania State University, University Park, Pennsylvania, United States 
(3) Department of Biomedical Engineering, The Pennsylvania State 
University, University Park, Pennsylvania, United States 

As one the of basic building units of life, the cell is a compartmentalized space 
with an outer membrane and multiple internal organelles, which can mediate 
many complex biochemical reactions in concert and provide specialized 
cellular functions. By mimicking biological compartmentalization, the design 
and construction of the smart artificial microcompartments are highly desirable 
for understanding the mechanism of formation of primitive cells for the origin 
of life and have technological effects in broad fields such as materials science, 
catalysis, environmental remediation, biomedicine, and biotechnology. 
However, it remains a critical challenge for the construction of a structurally 
stable, semipermeable, and multifunctional compartment that can maintain a 
protective and confined internal space while allowing internalization of 
ingredients. Here, we present a strategy for construction of novel smart 
multifunctional hybrid compartments (SMHCs) with semipermeability, 
stimulus-response, and enzymatic bioactivity. The smart compartments were 
assembled by packing magnetic nanoparticles on oil/water interface, and the 
interstitial pores were gated by designed thermosensitive copolymer brushes. 
The materials characterization, multifunctionality, and on-demand permeability 
of prepared hybrid compartments were investigated. Notably, biological 
macromolecules can be easily encapsulated without sacrifice of the original 
bioactivity. We exploited the reversible permeability of these responsive 
inorganic–organic smart compartments, demonstrated temperature-triggered 
release of small molecules, and displayed SMHCs as a light programmable 
artificial microreactor. 
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Dual-stimuli responsive injectable nanogel/solid drug nanoparticle 
nanocomposites for release of poorly soluble drugs 

Adam Town1, a.r.town@liv.ac.uk, Rohan Gurjar2, Marco Giardiello1, Michael 
E. Briggs1, Riaz Akhtar3, Marco Siccardi2, Tom McDonald1. (1) Department of 
Chemistry, University of Liverpool, Liverpool, Merseyside, United Kingdom (2) 
Department of Molecular and Clinical Pharmacology, University of Liverpool, 
Liverpool, Merseyside, United Kingdom (3) School of Engineering, University 
of Liverpool, Liverpool, Merseyside, United Kingdom 

Introduction 
The prolonged administration of drugs for long term conditions faces the issue 
of poor patient compliance when frequent repeated administration of drug is 
required, e.g. a daily oral dose. Pre-formed sustained release implants 
overcome this issue but require invasive surgery. In situ-forming implants 
(ISFI) are easier to administer, allow site specific delivery and offer ease of 
manufacture. However, ISFIs suffer from issues such as high burst release of 
drug, toxicity and stability of the system. Hence there is a need for an ISFI 
capable of sustained drug release whilst avoiding the current drawbacks of 



ISFI systems. We have developed a nanocomposite ISFI based on nanogels 
and solid drug nanoparticles, this system forms an aggregate drug depot in 
response to the dual triggers of salt and temperature, Fig 1. The combination 
of these dual triggers removes the colloidal stability of the nanogel allowing 
aggregation to occur, whilst simultaneously entrapping > 95% of the drug 
payload. 
 
Results 
Two poly(N-isopropylacrylamide) (PNIPAM) and poly(NIPAM-co-allylamine) 
nanogel samples were produced by precipitation polymerization. The 
nanogels aggregated in phosphate buffered saline when heated above 32 °C. 
When mixed with solid drug nanoparticles the nanocomposites provided long 
term sustained release of drug, with a tuneable release rate depending on the 
formulation of drug and the polymer composition of the nanogels species used 
in the composite. The polymer composition gave ISFIs with different porosity. 
The system is also injectable through a 20G hypodermic needle. 
 
Conclusions 
We have created an injectable drug delivery depot, which allows the rate of 
drug release to be tuned, minimises burst release, and shows minimal 
cytotoxicity. The system is able to give long term sustained drug release of 
over 120 days. This nanocomposite ISFI is an attractive candidate for the 
sustained delivery of poorly water soluble drugs with high potency. 

 



 
 
Fig 1. Nanogel ISFI concept and demonstration of payload entrapment. 
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Surface modified nanozymes as biosensors 

Juewen Liu, liujw@uwaterloo.ca. Chemistry, University of Waterloo, 
Waterloo, Ontario, Canada 

Nanozymes are enzyme-mimicking inorganic nanomaterials. They are more 
robust and cost-effective compared to protein-based enzymes. Since catalysis 
takes place exclusively on their surface, the surface property of nanozymes is 
particularly important. In this talk, a few recent developments in our lab on 
using nanozymes as biosensors will be discussed based on nanoceria and 
iron oxide. Nanoceria with adsorbed fluorescently-labeled DNA can be used 
for detecting hydrogen peroxide and glucose; while its oxidase-like activity is 
significantly boosted by fluoride allowing colorimetric detection of fluoride. 
Recent work on creating substrate binding sites on nanozymes will also be 
discussed. 
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Responsive, programmable assembly of 2D materials into 3D structures 
for biosensing 

Weinan Xu, weinanxu@gmail.com, Jayson Pagaduan, Qianru Jin, David H. 
Gracias. Chemical and Biomolecular Engineering, Johns Hopkins University, 
Baltimore, Maryland, United States 

Graphene and other two-dimensional (2D) materials have unique physical and 
chemical properties, including large surface area, ultra-small thickness, and 
tunable electronic band structure, which are all high desirable for biosensing 
applications. However, most biological samples such as cells have 3D 
geometries. In order to maximize the interaction between graphene and 
biological samples, and utilize the advantages of 2D materials to their full 
potential, it is necessary to fabricate 3D structures that can conformally coat 
or encapsulate the cell. We developed a temperature responsive method to 
fold or assemble graphene into 3D geometries, by non-covalently 
functionalizing graphene with thermo-responsive polymer brushes. The 3D 
graphene microstructures were used to encapsulate 3D objects and live cells. 
Moreover, by decorating the surface of graphene with high density silver 
nanoparticles, the Raman signals from live cells are significantly enhanced, 
which enables highly sensitive 3D analysis of the biological cells. Such ultra-
thin, flexible, and biocompatible 3D structures provide a new platform for 
bioelectronics, biosensing and drug delivery. 
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Target-induced disassembly of GO-Peptide assemblies for the turn-on 
fluorescence detection of MMP-2 

Jin-Kyoung Yang1, yjk0627@gmail.com, Su-Ji Jeon1, Jong-Min Ju1, Hye-In 
Kim1, Yoon-Sik Lee2, Jong-Ho Kim1. (1) Chemical Engineering, Hanyang 
University, Ansan, Korea (the Republic of) (2) School of Chemical & Biological 
Engineering, Seoul National University, Seoul, Korea (the Republic of) 

Interest in molecule-induced assemblies of nanomaterials has grown as a tool 
for the effective modulation of their properties, which can be promising 
sensing principles. Herein, we present a turn-on optical biosensor for the 
detection of MMP-2, which is based on the peptide-induced assembly of 
fluorescent GO nanostructure. Fluorescent GO was functionalized with a 
MMP-2 specific peptide substrate containing sulfhydryl group. The cross-



linking of GO-Peptide nanostructures took place via the formation of disulfide 
bonds, which led to the sandwich assembly of GO-Peptide followed by the 
significant self-quenching of its inherent fluorescence. This peptide-induced 
GO assembly was then disassembled by proteolytic cleavage in the presence 
of MMP-2, leading to the efficient recovery of the self-quenched GO 
fluorescence. With this approach, we were able to detect MMP-2 with reaction 
kinetic parameters. The GO-peptide assembly was successfully applied to the 
sensitive detection of MMP-2 secreted by living cells. 
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Biomimetic artificial organelles with in vitro and in vivo reduction 
triggered activity 

Cornelia Palivan, cornelia.palivan@unibas.ch. Chemistry Department, 
University of Basel, Basel, Switzerland 

New concepts that combine biomolecules with stable, safe and robust 
synthetic assemblies at the nanoscale are on focus in medicine, to provide 
novel solutions for therapy and diagnostics. Catalytic compartments are 
generated by incorporation of imembrane proteins in synthetic membranes of 
nanocompartments simultaneously with enzyme/proteins encapsulation 
inside. Such catalytic nanocompartments support a novel strategy to generate 
multifunctional systems, and provide optimum properties and functionality to 
serve as artificial organelles, with high potential for future protein therapy 
solutions. 
Here, we present catalytic compartments with triggered activity based on 
protein-polymer assemblies serving as distinct spaces for desired complex 
reactions “on demand”. In this respect, spherical nanocompartments with 
membranes mimicking the cell membrane properties have been self-
assembled from combinations of amphiphilic copolymers and biomolecules 
(enzymes, membrane proteins). Chemically modified membrane proteins 
inserted into the polymer membrane of the nanocompartments provide a 
selectively control of the exchange of substrates and products with the 
environment upon the presence of a specific stimulus. These stimuli-
responsive compartments preserve their architecture, whilst allowing 
specific in situ enzymatic reactions. They serve both to protect the 
encapsulated active compounds (enzymes, proteins, mimics) and to allow 
them to fulfill their bioactivity. Catalytic nanocompartments are complementary 
systems to drug delivery systems, with advantages to avoid uncontrolled 
release of the encapsulated enzyme/protein, to be nontoxic and to be 
functional “on demand”, in specific conditions (a change of pH, presence of a 



specific biomolecule, etc). Upon up-take in cells, the catalytic 
nanocompartments remain functional, in a similar manner as the natural 
cellular organelles. Upon injection into vertebrate zebrafish embryo model 
these artificial organelles showed in vivo tolerability, successful preservation 
of their architecture, and in situ regulation of the encapsulated enzymes 
activity. Such artificial organelles with triggered activity open new avenues in 
various domains, as for example protein therapy or biosensing approaches. 
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Photothermally triggered actuation of hybrid materials as a new platform 
for in vitro cell manipulation 

Tanya Shirman1,4, tshirman@seas.harvard.edu, Amy Sutton1, Jaakko 
Timonen1,5, Mathias Kolle2, Lauren D. Zarzar3, Joanna Aizenberg1,4. (1) 
Harvard University, Cambridge, Massachusetts, United States (2) Mechanical 
Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States (3) Materials Science and Engineering and 
Chemistry, The Pennsylvania State University, State College, Pennsylvania, 
United States (4) Wyss Institute for Biologically Inspired Engineering, 
Cambridge, Massachusetts, United States (5) Department of Applied Physics, 
Aalto University, Espoo, Finland 

Mechanical forces in the cell’s natural environment have a crucial impact on 
growth, differentiation and behavior. Few areas of biology can be understood 
without taking into account how both individual cells and networks of cells 
sense and transduce physical stresses. However, the field is currently held 
back by the limitations of the available methods to apply physiologically 
relevant stress profiles on cells, particularly with sub-cellular resolution, in 
controlled in vitro experiments. 
Here we report a new type of active cell culture material that allows highly 
localized, directional, and reversible deformation of the cell growth substrate, 
with control at scales ranging from the entire surface to the subcellular, and 
response times on the order of a few seconds. This material has a hybrid 
architecture composed of an array of microstructure actuators embedded in a 
temperature-responsive poly(N-isopropylacrylamide) hydrogel layer with the 
microstructure tips serving as anchorage points for adherent cells. We show 
that by incorporating gold nanorods as a photo-transducer component into the 
hydrogel, we are able to remotely control the localized and highly directional 
actuation of the supported microstructures. Our dynamic cell culture material 
allows precise control over cell position and orientation, with resolution over 
the distortion of the selected area of ~10 mm, local cell strains up to ~45%, 



and cyclic actuation frequencies of ~0.1Hz. These capabilities are not 
matched by any other method, and this versatile material has the potential to 
bridge the performance gap between the existing single cell micro-
manipulation and 2D cell sheet mechanical stimulation techniques. 
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Photo-responsive polymeric nanocarriers for gene therapy and wound 
healing applications 

Thomas H. Epps, thepps@udel.edu. Chemical Engineering, University of 
Delaware, Newark, Delaware, United States 

Vascular bypass grafting is a routine treatment for cardiovascular diseases; 
however, ~50% of bypass grafts fail within a few years following surgery due 
to cellular inflammatory responses at the suture sites. To address this 
problem, we synthesized novel diblock copolymers to deliver nucleic acid 
therapeutics capable of promoting healing in a spatiotemporal manner. A key 
component of our design is a monomer containing photocleavable o-
nitrobenzyl moieties linking cationic groups to the polymer backbone so that 
light irradiation can induce polymer hydrolysis and charge reversal. The 
polymers self-assemble with anionic nucleic acids in solution to form 
nanoparticle complexes with a PEG “stealth” coating. Application of a photo-
stimulus disrupts the electrostatic interactions to trigger the release of bound 
nucleic acids, such as siRNA, from the nanocomplexes. More significantly, our 
soft nanoparticles maintained stability in serum, exhibited robust cellular 
uptake, and were capable of photo-responsive on/off control over gene 
expression. These formulations enabled the knockdown of two key functional 
genes, IL1β and CDH11, that are implicated in inflammatory responses in 
human aortic adventitial fibroblasts. The complete knockdown of both genes, 
in combination, resulted in significant attenuation of TGF-β1-triggered 
fibroblast proliferation and differentiation into myofibroblasts, two of the 
primary hallmarks of fibrosis. Further attenuation over clinically relevant time 
scales was achieved by modulating the polyplex dosing regimen by taking 
input from a recently developed kinetic model. 
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Probing water structure next to lipid monolayers using vibrational sum 
frequency spectroscopy 

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

Lipid membranes interact with the surrounding water through their hydrophilic 
headgroups. This thin layer of water molecules at the membrane/water 
interface plays a crucial role in maintaining the structure and fluidity of the 
membrane. Yet, molecular level understanding of phospholipid 
membrane/water interfaces remain incomplete. One of the major challenges 
in probing the interfacial hydrogen bonding network of water using linear 
spectroscopic techniques such as infrared and Raman is the overwhelming 
contribution of bulk water to the signal. Vibrational sum frequency generation 
spectroscopy has proven to be an important technique to probe the hydrogen 
bonding network of interfacial water along with other molecular vibrations due 
to its inherent interface specificity. A Langmuir monolayer of zwitterionic 
phospholipids at the air/water interface was used as a model system to 
investigate factors regulating the sum frequency response of interfacial water 
molecules. Systematic variation of the types and densities of surface charges 
revealed that interfacial water structure follows the structural changes of the 
phospholipid headgroups in membranes. Measurement of surface pressure-
area isotherms using monolayer compression experiments revealed a direct 
correlation between the interfacial hydrogen bonding network and the area per 
lipid headgroup in lipid monolayers. Our findings suggest that understanding 
the interfacial hydrogen bonding network of lipid membranes can be useful for 
applications involving model lipid membranes. 
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Precisely controlled 2D free-floating nanosheets of amphiphilic 
molecules through frame-guided assembly 

Yiyang Zhang, 385191038@qq.com. Department of Chemistry, Tsinghua 
University, Beijing, China 

Two dimension assembly of amphiphilic molecules in aqueous solution is 
changing and intriguing topic as it is nomally thermodynamically unfavorable. 



Most of 2D assemblies of amhiphiles occur at solid/liquid, liquid/air or 
liquid/liquid interfaces. Few examples of preparing free-standing amphiphilic 
2D materials in solution require specially designed building blocks and lack of 
size and geometry control. Here we provide an approach for the 2D 
amphiphilic assemblies into mono-disperse, size and shape defined 
nanosheets in aqueous solution which doesn't rely on any interface. 
Through frame guided assembly strategy and using DNA origami as the 
frame, mono-dispersed and shape defined nanosheets are prepared. By 
adjusting the distribution of the anchoring DNA strands, we can easily control 
the size and shape of the assemblies precisely. Based on this approach, 2 
kinds of amphiphilic molecules are applied, homogeneous and hetrogeneous 
nanosheets have been successfully achieved. We demonstrate this is a 
general strategy to guide diverse amphiphiles form 
homogeneous/hetrogeneous 2D assemblies. 
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Platonic micelles part 1: Monodisperse sulfonatocalix[4]arene-based 
micelles with discrete aggregation numbers 



Shota Fujii2, s-fujii@kitakyu-u.ac.jp, Rintaro Takahashi2, Kazuo Sakurai1. (1) 
U of Kitakyushu Dept of Chem, Kitakyushu Fukuoka, Japan (2) University of 
Kitakyushu, Fukuoka, Japan 

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. 
Sulfonatocalix[4]arene-based amphiphiles are the most familiar amphiphie in 
calix[4]arene-based ones, and have been used in many researches in 
academia. However, no one has discussed the aggregation behavior in terms 
of the micellar aggregation numbers, which might demonstrate Platonic 
natures: monodispersity in the discrete aggregation numbers. In this study, we 
have investigated the structure of sulfonatocalix[4]arene-based micelles using 
small angle scattering techniques and analytical ultracentrifugation 
measurements. The sulfonatocalix[4]arene-based amphiphile composed of 
pentyl chains as the hydrophobic part self-assembles into tetramer micelles 
(Nagg = 4.0) which is the smallest aggregation number corresponding to the 
vertex number of regular polyhedral. The aggregation behavior could be 
controlled by changing the solvent conditions as well as by increasing the 
alkyl chain length. We will also discuss the thermodynamic consideration for 
the formation of Platonic micelles in this presentation. 
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Platonic micelles part 2: Thermodynamic and kinetic consideration of 
the micelles with the discrete aggregation numbers and mono-dispersity 

Kazuo Sakurai1, sakurai@kitakyu-u.ac.jp, Rintaro Takahashi3, Theyencheri 
Narayanan4, Shota Fujii2. (1) U of Kitakyushu Dept of Chem, Kitakyushu 
Fukuoka, Japan (2) University of Kitakyushu, Fukuoka, Japan (3) University of 
Kitakyushu, Kitakyushu, Japan (4) ESRF, Grenoble, France 



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. 

 



 

COLL 93 

Complexes of surfactant with chitosan derivatives: Structural control 
and potential for application 

Leonardo Chiappisi1,2, Bin Dai1, Sylvain Prevost2, Isabelle Grillo2, Michael 
Gradzielski1, michael.gradzielski@tu-berlin.de. (1) Technische Universität 
Berlin, Berlin, Germany (2) Institute Laue Langevin, Grenoble, France 

The cationic chitosan can form stable complexes in aqueous solution with 
oppositely charged alkylethoxy carboxylates. These surfactant/polyelectrolyte 
complexes (SPECs) were studied by means of static and dynamic light 
scattering (SLS, DLS) and small-angle neutron scattering (SANS), which 
showed that the structure depends strongly on mixing ratio and pH. This 



structural flexibility then was employed to use such systems for selective 
separation of hydrophobic and hydrophilic organic compounds or 
sequestration of metal ions. 
These are very interesting properties, but due to the intrinsic pH dependence 
of chitosan, which renders it insoluble above pH 6, we were now pursuing to 
extend this structural responsiveness of the SPECs to a much higher and 
larger pH-range. This was done by quaternising the chitosan and for further 
amphiphilic modification we also introduced hydrophobic moieties (like 
dodecyl chains). A particularly interesting SPEC system here are multilamellar 
vesicles (MLVs), where the number of vesicle layers can be controlled by the 
mixing ratio. Such MLVs are attractive for delivery purposes as they are fully 
composed of biocompatible components and their surface charge can be 
controlled by the mixing ratio. Another interesting SPEC structure are densely 
packed micelles of alkylethoxy carboxylates in a chitosan matrix which can be 
present in globular or extended complexes, depending on the detailed 
composition of the system. In our experiments we studied how the 
modification of the chitosan (quaternisation and hydrobisation) affects the 
structure of such complexes and MLVs, which was done by light scattering, 
SANS and zeta-potential measurements. In addition, we also investigated the 
solubilization properties of such differently structured complexes and MLVs. 
From the combination of the structural properties with the release properties 
one can deduce in a systematic fashion what are the optimum conditions for 
designing SPECs for a desired delivery behaviour, depending on the 
modification of the chitosan and its content in the formulation. 
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Stabilization of spherical nanoparticles of iron (III) oxy-hydroxides by 
wormlike micelles 

Thalita Destefani1, Gabriel Onaga1, Ana Percebom2, Edvaldo Sabadini1, 
sabadini@iqm.unicamp.br. (1) Institute of Chemistry, University of Campinas, 
Campinas, São Paulo, Brazil (2) Pontifical Catholic University of Rio de 
Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil 

Like polymers, wormlike micelles (WLM) form viscoelastic solutions, but their 
structure is maintained by a delicate balance of transient molecular 
interactions, in which they are continuously breaking and reforming within a 
finite timescale. Another interesting feature of WLM involves the possibility to 
modulate their rheology. For example, in the case of cationic surfactant, by 
changing the aromatic co-solute used in the aqueous formulation. WLM are 
favourable formed by combination of cetyltrimethylammonium bromide 



(CTAB) with salicylate. However, it is well known that salicylate also form 
complex with Fe (III), giving to the solution the characteristic purple colouring. 
Therefore, it is expected that in presence of the three components, CTAB, 
salicylate and Fe (III) a competition by salicylate can be stablished. The 
hydrolysis of Fe(III) naturally conditioned the system to lower pH, and Fe(III) 
hydroxide are prompt formed by the adjustment of the pH to 7. By 
combination of the three components, followed by the adjustment of the pH to 
7, spherical nanoparticles of iron (III) oxy-hydroxide with diameter around 3-5 
nm were generated and maintained dispersed in aqueous solutions due to the 
presence of WLM. It was observed that the colloidal dispersion was stable for 
more than six months and the great stability is explained by the adsorption of 
the nanoparticles onto the surface of the wormlike micelles, forming a 
supramolecular pearl-necklace-like structure. Such structure was confirmed 
by DLS and SAXS experiments, in which the structural parameters of the 
complex formed by WLM and particle were obtained. Finally, TEM and Cryo-
TEM were used to obtain a final characterization of the system. 
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Conduction through temperature sensitive conducting viscoelastic gel 

Rekha G. Shrestha1,2, rekhashrestha3@hotmail.com, Tomonobu 
Nakayama2, Rintaro Higuchi2. (1) Department of Applied Chemistry, Tokyo 
University of Science, Shinjuku-ku, Tokyo, Japan (2) Nano Functionality 
Integration Group, National Institute for Material Science, Tsukuba, Japan 

A gel formed in an aqueous mixture of ionic surfactants possesses entangled 
networks of long micelles; this entangled networks imparts viscoelastic 
properties to it. An incorporation of polymer into this gel retains these 
entangled networks, and thus the viscoelastic properties. This incorporation of 
polymer enhances rheological properties of surfactant mixtures only gel as 
confirmed by rheological measurements. The rheological properties of both 
the gels are dependent on concentration of components, and temperature. 
The gel formed by surfactants only shows conductivity of ~ 2.3 X 10 -11 S/m. 
This conductivity in gel is due to free ions in aqueous solution. The polymer-
incorporated gel possesses enhanced conducting properties ~ 4.5 X 10 -
5 S/m. An enhancement in conductivity is due to the additional conjugated p-
electrons in the polymer backbone being added to the aqueous surfactant 
based gel. 
Measurements show that the conductivity of this gel is also sensitive to 
concentration of components and temperature. There occurs uniform current 
distribution within the matrix of gel. Interesting temperature and potential 



dependent current distribution patterns were observed through the gel. These 
temperature dependent patterns were assigned to the temperature induced 
structural transformation in the gel; as it is sensitive to the temperature. The 
conclusion is supported by rheological measurements, and TEM images. 
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Mono- vs. multi-core magnetic iron oxide nanoparticles as dual agents 
for imaging and treatment of glioblastoma 

Gauvin HEMERY1, gauvin.hemery@enscbp.fr, Coralie Genevois2, Franck 
Couillaud2, Sabrina Lacomme3, Etienne Gontier3, Sebastien Lecommandoux1, 
Elisabeth Garanger1, Olivier Sandre1. (1) LCPO, CNRS UMR 5629 / Univ. 
Bordeaux / Bordeaux-INP, Pessac, France (2) Univ. Bordeaux, EA 7435 
IMOTION - Imagerie Moléculaire et Thérapies Innovantes en Oncologie, 
Bordeaux, France (3) Bordeaux Imaging Center – UMS 3420 CNRS/UBS – 
US4 INSERM-F, Bordeaux, France 

With the aim of developing nanotheranostics suitable for cancerous tissues 
imaging by MRI and for remotely-controllable local treatment by magnetic field 
hyperthermia (MFH), we have synthesized pegylated magnetic iron oxide 
nanoparticles (IONPs) with different morphologies and compared their 
efficacy in vitro and in vivo. 
IONPs were first produced by the polyol synthetic route initially introduced by 
Caruntu et al., yielding water-dispersible magnetic cores. Adjusting different 
parameters of the reaction led to IONPs with tunable size, morphology and 
magnetic properties. Polyethylene glycol (2,000 MW) was then grafted onto 
mono-core (nanospheres) or multi-core (nanoflowers) IONPs in a single step, 
using a convenient convergent surface-modification strategy. This 
biocompatible shell provided excellent stability to the IONPs in physiological 
media as well as the complete preservation of their magnetic properties 
(T1/T2 proton relaxivities for MRI and specific heating rate for MFH). Cellular 
internalization as well as MFH-induced cell death were studied using a 
bioluminescent human glioblastoma U87luc cell line. The mechanism of 
internalization of the nanoparticles was studied using flow cytometry, 
fluorescence microscopy and electron microscopy. Cytotoxicity induced by the 
application of an alternating magnetic field was measured by 
bioluminescence. Overall, our study highlights the greater efficiency of multi-
core IONPs vs nanospheres in MFH strategies, leading to 90 % cell death in 
clinically translatable conditions. Regarding their interesting properties as MRI 
contrast agents, these IONPs constitute attracting alternatives for 
nanotheranostics. 
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Multifunctional biomaterials for on-demand cancer therapy 

Natalie Artzi, nartzi@mit.edu. Medicine, BWH, Cambridge, Massachusetts, 
United States 

Systemic delivery of drugs is the preferred therapeutic approach for the 
treatment of many types of cancers, especially to downstage the disease prior 
to resection, or as adjuvant following resection. However, conventional drug 
delivery systems neither discriminate between cancer and normal cells nor 
eliminate the risk of cancer recurrence. We designed nanoparticles that can 
provide selective chemotherapy uptake in cancer cells through receptor-
mediated endocytosis (RME), without activating the associated signalling-
pathway or being uptaken by healthy cells. We further show that these 
nanoparticles can be crosslinked into an injectable hydrogel that coats the 
tumour and locally releases drugs in a controlled- and selective-manner, 
resulting in significant tumour shrinkage in a tumour-bearing mouse model 
and prevention of cancer recurrence. We further designed materials that 
provide local combination therapy—drug release-, gene therapy- and thermal 
ablation— while leveraging multiple biological mechanisms to treat cancer. 



Our approach can be used to treat a range of cancer types and potentially to 
improve outcomes while minimizing side-effects. New therapeutic strategies 
for cancer therapy and the employment of diverse administration routes will 
provide the scientific, pharmaceutical and clinical communities with 
unprecedented opportunities for the development of new clinically-relevant 
cancer therapies. 
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Image-guided radiotherapy with novel trimodal optical/MR/x-ray contrast 
nanoconstructs enhance the radiation response of head and neck tumor 
xenografts 

Gayatri Sharma1, gayatrisharma8@gmail.com, Abdul K. Parchur2, Jaidip M. 
Jagtap2, Brian Fish3, Bergom Carmen3, Meetha M. Medhora3, Michael J. 
Flister1, Amit Joshi2. (1) Physiology, Medical College of Wisconsin, 
Milwaukee, Wisconsin, United States (2) Biomedical Engineering, Medical 
College of Wisconsin, Milwaukee, Wisconsin, United States (3) Radiation 
Oncology, Medical College of Wisconsin, Milwaukee, Wisconsin, United 
States 

We report the use of novel sub-100 nm theranostic plasmonic nanoparticles 
(TPNs) composed of Gold core and Gd2O3:Yb/Er shell with combined X-ray 
contrast (Fig.1a-c) and MR contrast that can enable effective pre-procedure 
radiotherapy planning, as well as enhance radiation treatment efficacy. 
Human head and neck cancer SCC-22B cells were orthotopically implanted in 
tongue of 11 immune compromised rats. TPNs were calibrated for X-ray 
contrast at 60 kV on a Pxinc’s X-RAD SmART scanner using a cone beam CT 
(Fig.1b-c). Rats bearing tongue tumors were randomly assigned to control 
group treated with intratumoral saline (20 µL) + radiation (n = 4) or TPN (20 
µL, 1014 NP/mL) + radiation (n = 7). Rats were imaged with CT scans 
immediately after injection and 8 Gy of single dose radiation treatment was 
provided. Rats were followed via bioluminescence imaging up to 10 days. CT 
images clearly show the CT enhancement (HU) for Post-NP treated rats as 
compared to Pre-NP rats (Fig 1d). Tumors in TPN treated rats responded 
better to radiation therapy with identical radiation dose (Fig. 1e,f). Rats treated 
with TPNs and radiation experienced suppression of tumor growth on 10th day 
of treatment while rats treated with radiation alone had increased tumor 
growth. These results indicate the therapeutic efficacy of TPNs in combination 
with image guided radiotherapy. 

 



 
 
Figure 1. (a) TEM image, (b) CT image slice from TPN phantom having different 
concentration of NP, (c) X-ray attenuation (in HU units) vs TPN concentration, (d) 
CT images of HNCs rats at 60 kV (Pre-TPN and Post-TPN), (e) Bioluminescence 
images of representative rat from two groups: saline and radiation, and TPN and 
radiation, (f) Mean of normalized bioluminescence changes following radiation in 
saline and radiation and TPNs and radiation treated rats. 
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Self-assembled aptamer-nanomedicine for both target chemotherapy 
and gene therapy 

Zhao Nianxi, Zihua Zeng, Youli Zu, yzu@houstonmethodist.org. Pathology 
and Genomic Medicine, Houston Methodist, Houston, Texas, United States 

Oligonucleotide aptamers are a class of molecular ligands with high affinity 
and specificity for a wide range of biological targets. As “chemical antibodies”, 
aptamers can be rapidly synthesized and easily conjugated to various 
functional agents for clinical use. Anaplastic large cell lymphoma (ALCL) is the 
most common T-cell lymphoma in children. ALCL cells are characterized by 
abnormal expression of surface CD30 and the Anaplastic Lymphoma Kinase 



(ALK) oncogene, a key pathogenic factor for lymphoma development. CHOP 
chemotherapy is the current treatment for ALCL, however, it can cause 
serious side effects. 
To dress clinical needs, we developed an aptamer-nanomedicine (Apt-NM) 
through self-assembly of functional oligonucleotides and self-loading of 
chemotherapeutic drugs. The formed Apt-NM contained CD30 aptamer 
sequences for cell targeting, siRNA sequence for ALK oncogene silencing, 
and drug payload for chemotherapy. DSL assay showed that the Apt-NM had 
a peak size of 58 nm and was stable in PBS. Atomic force microscopy and 
scanning electron microscopy reviewed uniform shape and size of the Apt-
NM. Cell binding analysis demonstrated that Apt-NM specifically targeted 
ALCL cells, but did not react to CD30(-) cells. Confocal microscopy confirmed 
that specific cell binding resulted in rapid intracellular delivery of Apt-NM into 
lysosomes via endocytosis for drug release, and cytoplasm through 
macropinocytosis to enable siRNA-induced gene silencing. In vitro studies 
indicated that Apt-NM treatment caused growth inhibition of ALCL cells 
through combined chemotherapy and gene therapy effects. In vivo studies 
showed that systemic administration of Apt-NM selectively targeted ALCL 
tumor, but not seen in CD30(-) tumor site in the same xenograft mouse. 
Furthermore, Apt-NM treatment showed markedly higher inhibition in 
xenograft ALCL tumor growth than free drug treatment. Importantly, Apt-NM 
treatment significantly improved the survival rate and also induced tumor-free 
status of treated mice. 
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Targeted nanoparticles for detection, targeting, and thermal ablation of 
metastatic colorectal cancer in vivo 

Eleanor E. McCabe, mccabelankford@outlook.com, Bryce D. McCarthy, 
Margarita Peterson, April Brown, Theodore L. Brown, Nicole H. Levi-
Polyachenko. Plastic and Reconstructive Surgery, Wake Forest University, 
Ferguson, North Carolina, United States 

Colorectal cancer is the third most common cancer and second leading cause 
of cancer-related deaths in the United States. This is primarily due to 
challenges in accurate detection and treatment of micro-metastases once the 
disease has spread. Photothermal ablation therapy using nanoparticles that 
can absorb near-infrared (NIR) light and emit heat allows for more specific 
targeting and destruction of metastasis compared to standard radiation and 
chemo-based therapies. The utilization of nanoparticles can be further 
improved upon by functionalizing their surfaces with targets that have 



receptors overexpressed on cancer cell surfaces. Such receptor-target 
combinations include folate receptor/folic acid and CD44 receptor/hyaluronic 
acid. Our group has developed multi-purpose, conjugated-fluorescent-heating 
nanoparticles, called H-DAPPs (Hybrid Donor-Acceptor Polymer Particles), 
synthesized using 95% by weight of the fluorescent polymer -poly[(9,9-
dihexylfluorene)-co-2,1,3-benzothiadiazole-co-4,7-di(thiophen-2-yl)-2,1,3-
benzothiadiazole] (PFBTDBT10) to 5% by weight of the heat producing 
polymer -poly[4,4-bis(2-ethylhexyl)-cyclopenta[2,1-b;3,4-b’]dithiophene-2,6-
diyl-alt-2,1,3-benzoselenadiazole-4,7-diyl] (PCPDTBSe). H-DAPPs retain far-
red and NIR fluorescence from the PFBTDBT10 polymer and produce on-
demand heating which can achieve temperature changes of 15oC at 
concentrations ≥ 80 µg/mL with NIR light stimulation from the PCPDTBSe 
polymer. The H-DAPPs are coated with either folic acid or hyaluronic acid and 
binding kinetics of the H-DAPPs to cancer cells are determined. We have 
developed a metastatic colorectal cancer model using Balb/C mice and an 
abdominal perfusion system with functionalized and non-functionalized 
nanoparticles. H-DAPPs are perfused throughout the abdomens of the mice 
for 30 minutes then flushed with 0.9% saline to remove excess mucus and 
unbound nanoparticles. Localization of the nanoparticles to tumor regions are 
determined using the In Vivo Imaging System (IVIS) with 465 nm excitation 
and the ICG filter (810-875 nm). A continuous wave laser (800 nm, 3W/60s) is 
used to induce photothermal ablation of remnant micro-metastases in the 
open abdominal cavity post perfusion. These data will help to determine 
whether functionalized H-DAPPs will be an adjuvant therapy for treating 
metastatic abdominal cancers. 
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Magnetic nanostructures (MNS) as theranostic agents for early stage 
prostate cancer 

Soo-Ryoon Ryoo1,2, soo-ryoon.ryoo@northwestern.edu, Vikas Nandwana1,2, 
Abhalaxmi Singh1, Vinayak P. Dravid1,2. (1) Materials Science and 
Engineering, Northwestern University, Evanston, Illinois, United States (2) 
International Institute for Nanotechnology (IIN), Evanston, Illinois, United 
States 

Prostate cancer (PCa) is the most common cancer diagnosis with highly 
heterogeneous properties and the second leading cause of cancer-related 
death behind lung cancer. Despite many advances in diagnosis and 
management, the morbidity rate of prostate cancer still remains high due to 
high false positive rates in the diagnosis and the therapy resistance 



development to androgen suppression which known as androgen deprivation 
therapy (ADT), a standard care for the initial management of PCa. There has 
been reported the multiple underlying mechanisms that result in the 
progression of castration-resistance prostate cancer (CRPC) within 12 to 18 
months of initiation of ADT. The metastatic PCa requires with very limited 
options except for docetaxel chemotherapy. For that reason, it has been 
extensively focused on the development of combined strategy with the 
accurate diagnosis and therapies for effective cancer treatment before drug 
resistance emergence 
 
We have developed the targeted nano-theranostic platform to address the 
challenges associated with the accurate diagnosis and efficient drug delivery 
for early-staged cancer treatment. The nanoconstruct is prepared by 
assembled hydrophobic magnetic nanoparticles with phospholipid which 
provides the theranostic system with three distinct functional features: (1) a 
magnetic core part for the visualization tumor site in soft tissue and monitoring 
tumor size during therapy; (2) targeting ligand for specific tumor targeting and 
accurate diagnosis; and (3) lipophilic pocket for high drug payload and the 
increased drug efficacy with low chemotherapy side effect. In a diagnostic 
perspective, the nanoplatform functionalized with aptamer was demonstrated 
to target prostate cancer cell and show the enhanced contrast in MRI. 
Importantly, the platform improved the drug efficacy of the anti-cancer agent, 
curcumin (Cur), when harnessed as a Cur delivery carrier. We expect that the 
smart nanotheranostic platform could be of interest in the early cancer 
treatment and diagnostics. 
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Porphyrin-phospholipid liposomes for theranostic chemophototherapy 

Jonathan F. Lovell, jflovell@buffalo.edu. Biomedical Engineering, University 
of Buffalo, Buffalo, New York, United States 

Porphyrin-phospholipid (PoP) conjugates can be incorporated into 
conventional liposomes and behave like a conventional phospholipids in large 
part with two exceptions: (1) Exposure to near infrared (NIR) light can trigger 
rapid permeabilization of the bilayer, depending on the liposome formulation. 
(2) PoP inclusion allows straightforward NIR optical fluorescence imaging of 
PoP distribution and also provides a convenient handle for seamless copper-
64 labeling for positron emission tomography. Liposomes been developed that 
can release anti-cancer drugs in response to red laser irradiation, leading to 
enhanced drug deposition in irradiated tumors. Inclusion of 2 molar % PoP 



imparted optimal near infrared (NIR) light-triggered release of doxorubicin 
(Dox) from conventional sterically stabilized stealth liposomes. Dox in stealth 
PoP liposomes had a circulation half-life in mice of 21.9 hours and was stable 
in storage for months. Following intravenous injection and NIR tumor 
irradiation, Dox deposition increases by about an order of magnitude in 
various subcutaneous and orthotopic tumor models. To our knowledge, Dox-
loaded stealth PoP liposomes represent the first reported long-circulating 
nanoparticle capable of light-triggered drug release. This talk will discuss 
recent data and logistics of such a single agent chemophototherapy paradigm. 
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Biomimetic magnetic nanostructures as targeted theranostics for 
lymphoma 

Abhalaxmi Singh, abhalaxmi@gmail.com, Vikas Nandwana, Tzu H. Chen, 
Vinayak P. Dravid. Department of Material Science & Engineering, 
Northwestern University, Evanston, Illinois, United States 

Non-Hodgkin’s lymphoma (NHL) is the fourth most common cancer diagnosed 
in the United States with increasing incidences over the years. Diffuse large 
B-cell lymphoma (DLBCL) is the most aggressive form of this cancer, 
representing about 30-58% of all NHL diagnoses, which is often difficult and 
invasive to even diagnose. The current therapeutic regimen (R-CHOP: 
Ritxumab plus combination chemotherapy) pose significant toxicity due to off-
target effects and also leaves the risk of relapse. Hence, there is a 
tremendous need of innovative strategies to effectively image and treat 
DLBCL using targeted therapeutics. For proliferation and survival, DLBCL 
cells largely depend on cholesterol esters supplied from core of HDLs that 
bind to these cells via specific SR-B1 receptors, that are absent in healthy B 
cells. Therefore, development of theranostic agents that can target SR-B1 for 
blockade of cholesterol uptake and also can image the disease progression 
holds significant promise for the next generation of DLBCL therapies. 
Experimental evidences suggest, nanoconstructs that mimic HDL from 
exterior but have inorganic nanoparticle core instead of cholesterol esters 
could provide novel targeted therapeutics. Besides, real time monitoring of 
therapy with scope to localize the tumor and its distribution through imaging is 
a need. Magnetic Nanostructures (MNS) have attracted considerable attention 
for use in non-invasive cancer diagnosis and therapy due to their ability to 
enhance localized contrast in magnetic resonance imaging (MRI) and thermal 
activation under radio frequency field. By integrating the above two concepts, 
the study aims to develop HDL-mimic nanoparticles with MNS core (termed as 



HDL-MNS) that would mimic the natural HDLs and can act as bio-functional 
theranostic agent against DLBCL by inducing cell death combinational 
approach of cholesterol starvation and thermal induction and provide 
simultaneous scope to image the tumor cells by MRI. The study may provide 
a platform to develop a promising theranostic agent for the treatment of the 
growing DLBCL population.
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Smart hybrid organosilica nanoparticles for biomedical applications 

Yevhen Fatieiev2, yevhen.fatieiev@kaust.edu.sa, Jonas Croissant2, 
Khachatur Julfakyan2, Shahad Alsaiari2, Basem Moosa2, Kholod Alamoudi2, 
Lin Deng2, Dalaver. Anjum2, Andrei Gurinov2, Niveen M. Khashab1. (1) 
KAUST, Thuwal, Saudi Arabia (2) King Abdullah University of Science and 
Technology (KAUST), Thuwal, Saudi Arabia 

Organosilica nanomaterials based on bridged-organosilanes [(OEt)3Si-R-
Si(OEt)3] are considering as a new generation of hybrid organic-inorganic 
composites for biomedical applications. Such materials combine both 
robustness of inorganic framework and functional properties of organic 



bridges (R). Moreover, the variety of materials can be obtained by 
differentiation of initial components: porous and nonporous organosilica 
nanoparticles (NPs), along with bridged silsesquioxane (BS) and periodic 
mesoporous organosilica (PMO) NPs (Fig. A). Nowadays the field of 
organosilica nanomaterials is still at the beginning, however, the constant 
progress is observed (Fig. B). The variety of organic bridges and synthetic 
conditions allowed us to control the shape, size, surface charge, fluorescence, 
and biodegradable properties of organosilica NPs for biomedical purposes 
(Fig. C-E). 
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How much variability do we have in nanoparticle synthesis? 

Catherine J. Murphy, murphycj@illinois.edu. Box 59-6, Univ of Illinois at 
Urbana-Champaign, Urbana, Illinois, United States 

“Finely-divided” gold, now known as a suspension of gold nanoparticles, has 
been known for centuries because of its beautiful optical properties. There 
have been many preparations of these materials that produce reasonably 



well-defined products. However, even those of us who routinely make gold 
nanospheres, or nanorods, “all the time” in our laboratories cannot help 
noticing that there is a rather large batch-to-batch variation in details of the 
properties. What is the source of this variability? In this talk I will discuss 
details from my own lab about batch-to-batch variability in gold nanorod 
syntheses, and show results from a design-of-experiment study to address 
these issues. 
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How do shape and size matter in the stability of nanoparticles? 

Amanda J. Haes, jha444@gmail.com. Chemistry, University of Iowa, Iowa 
City, Iowa, United States 

While nanoparticles are increasingly being used in novel assays because of 
their size dependent properties, there are current limitations in the translation 
of these assays into practical devices. We hypothesize that how shape and 
size are evaluated and described lead to inconsistencies in expected 
nanoparticle properties and function. Herein, the physical stability of gold 
nanospheres and nanostars will be compared and contrasted. Both 
experimental measurements and theoretical predictions of stability will be 
shown to depend on how shape and size are described. This combination of 
theoretical predictions and straightforward experimental measurements of the 
electrical and optical properties of the nanostructures will demonstrate 
synergistic effects of how nanoparticles behave in solution or in more complex 
environments. Such molecular level insights into how shape and size direct 
nanostructure stability are envisioned to improve the systematic use of 
solution-phase nanomaterials by providing a method for predicting the 
thermodynamic stability of nanomaterials. 
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Highly engineered platinum nanoparticles as multifunctional active 
nanocarriers integrating the function of high-performance antioxidant 
drugs 

Mauro Moglianetti, mauro.moglianetti@iit.it. CBN, Istituto Italiano di 
Tecnologia, Lecce, Italy 

Our recent findings show that pure, biocompatible platinum nanoparticles (Pt 
NPs) are able to counteract molecular dysfunctions that cause accumulation 



of intracellular reactive oxygen species (ROS). 
After performing a systematic characterization of Pt NPs as biocompatible and 
anti-oxidant materials, we demonstrated, for the first time, that Pt nanozymes 
are capable to restore physiological ROS homeostasis in a real experimental 
model of a human cerebrovascular disease, namely Cerebral Cavernous 
Malformation (CCM). CCM is characterized by an increased level of 
intracellular ROS, and we found that Pt nanozymes can completely recover 
the cellular phenotype, similar to that of wild type cells. 
This is possible because of the strong and broad anti-oxidant nanozyme 
activity of Pt NPs, which are simultaneously endowed with strong catalase-, 
peroxidase-, and superoxide dismutase-like activities, with superior 
performance than natural enzymes and higher adaptability/resistance to 
changes in environmental conditions. 
These findings are important and of broad interest, and open up novel 
perspectives in nanomedicine for the development of multifunctional active 
nanocarriers integrating the function of high-performance antioxidant drugs, 
with strong potential for therapies of complex oxidative stress-related 
diseases. 
We will also present our latest data on the importance of platinum 
nanoparticles shape (octahedral vs spherical) in the development of nano-
carrier with selective enzymatic activity, uptake and drug-delivery properties. 
We will also show the latest results on the delivery of a drug by platinum 
nanoparticles. 
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Controlled delivery of single Au nanoparticle probes for spatially-
resolved SERS 

Nolan L. Wong1, nlwong@u.northwestern.edu, Martin A. Edwards2, Michael 
Mattei1, Henry S. White2, Richard P. Van Duyne1. (1) Chemistry, Northwestern 
University, Evanston, Illinois, United States (2) Chemistry, University of Utah, 
Salt Lake City, Utah, United States 

Spatially-resolved surface-enhanced Raman spectroscopy (SERS) is a 
powerful concept that allows for investigation of heterogeneous surface 
chemical reaction dynamics with structural information. Although this concept 
has been achieved through tip-enhanced Raman spectroscopy (TERS), TERS 
remains a challenging and expensive technique to implement. We developed 
a new, more accessible technique by coupling controlled nanopipette delivery 
of single Au nanospheres (AuNSs) with gap-mode SERS. We demonstrate 
delivery of a AuNS probe to a desired location, and detect the molecules at 
the AuNS-planar film junction. This new method is easier to build, 
inexpensive, and resolves the challenges of TERS tip fabrication by 
generating a “renewable tip”. With further development, single plasmonic 
nanoparticle probes can act as a new imaging technique, expand the sensing 
capabilities of noble metal nanoparticles, and facilitate the investigation of 
surface chemical reactions. 
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Biogenic silver nanoparticles for surface enhanced Raman scattering 
based biosensing 

Sunil Rajput, srajput@ualberta.ca, Mark T. McDermott. Dept of Chem, 
University of Alberta, Edmonton, Alberta, Canada 

Nanomaterials are gaining interest and advancing towards a wide range of 
biomedical applications. Noble metal nanoparticles (NPs) are used in a variety 
of biosensing applications due to their size dependent optical properties. 
Surface plasmon excitation of NPs principally underpins optical detection 
methods. We and others have shown that chemically modified spherical gold 
NPs can be used as extrinsic labels for surface enhanced Raman scattering 
(SERS) detection of surface based assays. Thus far, all assays have used 
chemically synthesized NPs and routes to modify these NPs are well 
established. While methods to chemically synthesize metallic NPs are been 



established, researchers are developing alternative approaches to produce 
NPs using biological organisms. In this presentation, we will describe our 
efforts to incorporate biogenic spherical silver metal NPs (bioAgNPs), 
produced by the fungus Fusarium oxysporum, as plasmonic labels for 
enhanced spectroscopy applications. Biogenic silver NPs are stabilized with a 
surface corona that is unique relative to their chemically prepared 
counterparts. This layer provides enhanced colloidal stability of bioAgNPs 
even under conditions of moderate ionic strength. We will present our results 
that characterize this layer as a mixture peptides and carbohydrates. 
Chemical properties of the corona presents interesting opportunities for 
surface modification of bioAgNPs. Potential advantages of a native 
biomolecular layer include simpler or milder modification strategies compared 
to chemically prepared NPs. We have demonstrated a variety of Raman 
reporter molecules can be incorporated into the layer and antibodies can be 
linked to the layer. These two modifications enable use of bioAgNPs in 
sandwich immunoassays with SERS detection. Our long-term goal is to apply 
these labels into a predictive diagnostic assay for prostate cancer treatment. 
Our preliminary results for the measurement of the protein fragment, AR-V7, a 
biomarker for prostate cancer therapy effectiveness will be presented. 
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Advanced optical detection of carbon nanoparticulates to measure 
exposure in a biomedical setting 

Christian Steuwe1, Hannelore Bové2, Marcel Ameloot2, Maarten Roeffaers1, 
maarten.roeffaers@biw.kuleuven.be. (1) Center for Surface Chemistry and 
Catalysis, KU Leuven, Heverlee, Belgium (2) Hasselt University, Diepenbeek, 
Belgium 

While adverse health effects of particulate matter exposure are a generally 
accepted concern, locating and tracking these nanometer sized particles is in 
its infant state. Measurements in polluted air such as absorption photometry 
and laser induced incandescence (LII) have so far been used to determine 
particle concentrations, alternatively labeling methods have been applied in 
epidemiological and toxicology research. 
In this paper we present a direct, label-free technique to detect carbon 
nanoparticles in fluids and cells by laser induced white-light generation as well 
as using pump-probe microscopy. We demonstrate non-incandescence 
related white-light (WL) generation by dry and suspended carbon black 
particles (CB) under illumination with femtosecond pulsed near-infrared light 
(780 nm - 950 nm, 150 fs, 80 MHz). Since the emissive response is 



instantaneous, we attribute this mechanism to multiphoton ionizations and 
consecutive transitions, leading to an emission spreading over the whole 
visible spectrum (Figure). This WL emission allows optical detection and 
unequivocal localization of CB particles in fluids and in cellular environments 
while simultaneously co-localizing different labelled cellular components e.g. 
in human lung fibroblasts. The experiments can be performed on a typical 
multiphoton laser-scanning microscopy platform. Complementary to this 
approach, pump-probe imaging, directly interrogating the strong particle 
absorption will be demonstrated. 

 
 
Normalized WL emission spectra of different CB particle types in aqueous 
suspensions using femtosecond 810 nm laser illumination (8 mW, 150 fs, 80 MHz). 
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Bimetallic nanostructures and their assemblies for chemical sensing 

Sara E. Skrabalak, sskrabal@indiana.edu. Chemistry, Indiana University, 
Bloomington, Indiana, United States 

The refractive index sensitivity of stellated Au-based nanocrystals is enhanced 
by lowering the dielectric dispersion at the NC resonant wavelength with 
internal or external atomic % Pd. To our knowledge, these NCs display the 
highest ensemble RIS measurement for colloids with LSPR maximum band 
positions ≤900 nm, and these results are corroborated with FDTD 



computations. These NCs also serve as building blocks to larger assemblies, 
where the branched nature of the nanocrystals allow for “hot-spots” to be 
positioned precisely within the superstructures. This assembly work is 
possible because of the monodispersity of the samples, achieved by the use 
of aromatic additives during seed-mediated co-reduction. 
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Gold nanoparticle-enabled blood test for acute viral infection detection 

Tianyu Zheng3,4, Zhengtianyu@knights.ucf.edu, Christopher Parrett 5, Yuen 
Yee Li Sip2, Karl McKinstry 5, Qun Huo1, qhuo@mail.ucf.edu. (1) Univ of 
Central Fl, Orlando, Florida, United States (2) University of Central Florida, 
Oviedo, Florida, United States (3) Department of Chemistry, University of 
Central Florida, Orlando, Florida, United States (4) NanoScience Technology 
Center, University of Central Florida, Orlando, Florida, United States (5) 
College of Medicine, University of Central Florida, Orlando, Florida, United 
States 

Rapid detection and diagnosis of acute viral infections is critical for infectious 
disease control. During an acute viral infection, viral antigen and virus-specific 
antibody each reaches peak values at different time points. Current detection 
for the presence of viral antigen and virus-specific antibody can lead to false 
negative and false positive results. We have developed a new blood test that 
can measure the active immune response associated with acute viral infection 
using gold nanoparticle (AuNP) in combination with dynamic light scattering 
(DLS). Immunoglobulin G (IgG) protein is a major product of an active immune 
response following acute viral infections. To conduct the test, a small amount 
of blood serum is first mixed with citrate-AuNP to form a protein corona, and 
the particle size (D1) is measured by DLS (Figure 1). Then an anti-IgG 
antibody is added to the assay solution. This will crosslink AuNP due to the 
binding between IgG and anti-IgG. The particle size of the assay solution is 
measured again by DLS as D2. A test score is defined as the ratio of D2/D1 to 
quantify relative amounts of IgG in the protein corona. We have studied the 
changes in the amounts of IgG using laboratory mice infected with A/PR8 
influenza A virus. The test only gives positive results when there is an active 
immune response during viral infection. This test overcomes the problem of 
traditional serological test, which is not able to distinguish active immune 
response from a past, historical immune response. 

 



 

COLL 113 

Liver-directed photothermal therapy in metastatic colorectal cancer 
using novel trimodal optical/MR/x-ray contrast nanoconstructs 

Abdul K. Parchur1, kareemskpa@hotmail.com, Jaidip M. Jagtap1, Gayatri 
Sharma1, Venkateswara Gogineni2, Michael J. Flister3, Sarah B. White2, Amit 
Joshi1. (1) Biomedical Engineering, Medical College of Wisconsin, Milwaukee, 
Wisconsin, United States (2) Radiology, Medical College of Wisconsin, 
Milwaukee, Wisconsin, United States (3) Physiology, Medical College of 
Wisconsin, Milwaukee, Wisconsin, United States 

Systemic delivery of theranostic plasmonic nanoparticles (TPNs) leads to low 
tumor uptake, reducing photothermal therapy efficacy. We report improved 
tumor penetration of multimodal TPNs to colorectal liver metastasis (CRLM) 
via interventional radiology methods. NIR resonant Au-rods were 
encapsulated with Gd2O3:Yb/Er shell and PEGylated to result in 75nm TPNs 
with -4.8mV zeta potential (Fig1A,B). X-ray/MR contrast of TPNs increased 
with dose (Fig.1C–F). Six ~400g rats implanted with CRLM tumors were 
injected with TNPs (0.5 mL, 1013 NP/mL) either locally into the liver via portal 
vein or systemically via tail vein. Rats were imaged with T1 MR scans 
immediately after injection for portal vein group, and at 4, 24, and 72 h for the 
tail vein group. DynaCT imaging was acquired by injecting 0.5 mL of TNP 
(3x1014 NP/mL). Uptake of the TPN into the liver vis site-selective vs IV- 
methods was compared via analysis of cross-sectional MR images, Fig.1G. 
Local delivery resulted in ~3.2 times increase tumor dose. DynaCT images 
clearly shows the CT enhancement (HU) for both Post-NP and Post-PTT 



treated rats, as compared to Pre-NP rats. Furthermore, the ex vivo TEM 
images of CRLM tumor tissue indicated TPN uptake in tumor cells following 
site-selective delivery, as well as consistency in TPN shape and lack of 
aggregation, indicating potential for effective PTT. Interventional image guided 
portal vein injections are superior to systemic tail vein injections for NP 
delivery to CRLM. 



Figure 1. (A) Schematic of synthesis of TPN, (B) TEM image, (C) CT image slice 
from TNP phantom having different concentration of NP, (D) X-ray attenuation (in 
HU units) vs TNP concentration, (E) T1 weighted phantom image of TPN and (F) its 
relaxivity, (G) In vivo MR images of rats with CRLM tumors for post-4h IV-injection, 
and post-5m site-selective-injection of TPN. (H) DynaCT images of CLRM rats at 60 
kV (Pre-NP and Post-PTT). (I) Ex vivo TEM images of tumor tissue clearly showing 
NP distribution. 

COLL 114 

Multi-functional nanoparticles for image-guided photothermal therapy 

Chun Li, cli@mdanderson.org. Cancer Systems Imaging - Unit 59, Univ of 
Texas MD Anderson Cancer Center, Houston, Texas, United States 

The development of biocompatible nanoparticles for molecular imaging and 
targeted cancer therapy is an area of intense research across a number of 
disciplines. The premise is that nanoparticles possess unique structural and 
functional properties that are not available from either small-molecular-weight 
molecules or bulk materials. However, successful delivery of nanomaterials to 
the tumor sites requires overcoming many biological barriers, including 
evasion of the mononuclear phagocytic system, extravazation from tumor 
vasculature and dispersion of nanoparticles from perivascular area. In my 
presentation, I will discuss different nanoparticle platforms developed in the 
lab aimed at enhancing therapeutic efficacy with reduced systemic toxicity. 
The obstacles and promises of multifunctional nanoparticles in image-guided, 
multimodality anticancer therapy will also be discussed. 

COLL 115 

Crystal phase-controlled synthesis of novel noble metal nanomaterials 

Hua Zhang, hzhang@ntu.edu.sg. Room N4.1-01-21, Nanyang Technological 
University, Singapore, Singapore 

In this talk, I will summarize the recent research on the crystal phase-
controlled synthesis of novel noble metal 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, 
alternating hcp/fcc Au square-like plates from AuSSs, ultrathin Au nanowires 
containing hcp phase, synthesis of ultrathin fcc Au@Pt and Au@Pd rhombic 



nanoplates through the epitaxial growth of Pt and Pd on the hcp AuSSs, 
respectively, the first-time synthesis of 4H hexagonal phase Au nanoribbons 
(NRBs) and their phase transformation to fcc Au RNBs, the epitaxial growth of 
Ag, Pt, Pd, PtAg, PdAg, PtPdAg, Rh, Ir, Ru, Os and Cu on 4H Au NRBs to 
form the 4H/fcc Au@metal core–shell NRBs, and the synthesis of 4H/fcc-
Au@metal sulfide core-shell NRB heterostructures. Currently, my group 
focuses on 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 
concepts of crystal phase noble metal heterostructures is proposed. 

COLL 116 

Observing the overgrowth of a second metal on silver cubic seeds in 
solution by surface-enhanced Raman scattering 

Dong Qin, dong.qin@mse.gatech.edu, Yun Zhang, Yiren Wu. Materials 
Science and Engineering, Georgia Institute of Technology, Atlanta, Georgia, 
United States 

Although site-selective deposition has been successfully demonstrated for a 
set of bimetallic systems, it is still impossible to detect and quantify the second 
metal being deposited on the surface of nanocrystal seeds while they are still 
suspended in the reaction medium. This work aims to turn the core-frame 
nanocrystals into a new platform for understanding the fundamentals involved 
in the heterogeneous nucleation and overgrowth of nanocrystals when the 
particles are still in the original growth solution. We hypothesize that the 
vibrational frequency of a metal-sensitive molecular probe can serve as a 
distinctive reporter for the metal being deposited on the edges of Ag 
nanocubes. To validate this hypothesis, we develop a novel class of probes 
based on isocyanide compounds (R-NC) for analyzing the heterogeneous 
nucleation and early-stage deposition of Pt atoms on the edges of Ag 
nanocubes by surface-enhanced Raman scattering (SERS). Because the 
SERS hot spots coincide with the sites for preferential heterogeneous 
nucleation at the edges of Ag nanocubes, the new paradigm allows for 
unprecedented sensitivity, with a lower detection limit below one monolayer. 
On the other hand, it is well known that the binding of the isocyanide group to 
a metal surface is similar to that of carbon monoxide, and thus the stretching 
frequency of the NC bond is dependent on the work function of the metal. We 
demonstrate that it is feasible to watch the heterogeneous nucleation and 
early-stage deposition of a metal on the edges of Ag nanocubes by following 



the stretching frequencies and intensities of the same isocyanide-based 
SERS probe. The success of this work will create new foundation for the 
design and rational synthesis of bi- and multi-metallic nanocrystals sought for 
a variety of applications. 

COLL 117 

Seeded growth of copper-platinum-ruthenium multi-metal 
nanostructures as active electrocatalysts 

Jingyi Chen, chenj@uark.edu. Chemistry and Biochemistry, CHEM 119, 
University of Arkansas, Fayetteville, Arkansas, United States 

Multi-metal nanostructures of specific compositions and enclosed by certain 
facets can significantly enhance their catalytic reactivity and selectivity for 
chemical reactions associated with energy conversions, including 
transformation of chemical and solar energy to electricity. In this presentation, 
a seeded growth of copper-platinum-ruthenium multi-metal nanostructures will 
be presented involving the use of copper nanoparticles as seeds. By tuning 
the reaction rate, the deposition of the second metals, those are platinum and 
ruthenium, could site-selectively occur on specific facets of the seeds. The 
electrocatalytic activity of these multi-metal nanostructures are evaluated for 
methanol electro-oxidation and compared with the standard platinum-
ruthenium catalyst. Additionally, a comparison study of structure and 
composition effects on the electrocatalytic activities, as well as the electronic 
coupling effects on the oxidation states of the different components in these 
nanostructures, will be discussed to provide some guideline for rational design 
of next-generation electrocatalysts. 

COLL 118 

Synthesis of colloidal metal nanoparticles: A case study in copper 

Simon K. Beaumont, Simon.Beaumont@durham.ac.uk, Laura M. 
Bingham. Chemistry Department, Durham University, Durham, United 
Kingdom 

Copper nanoparticles have enormous potential for use as monometallic (or 
the starting point of bimetallic) model catalysts to understand and improve the 
design of catalysts for a variety of transformations (from conventional 
methanol synthesis to new routes for transforming biomass into platform 
chemicals). Key challenges, however, are to produce small base metal 



particles with a narrow size dispersion, that undergo only surface oxidation (so 
can be reduced by facile methods unlike the bulk oxide) and are not templated 
by ligands that cannot be easily displaced in reaction. 
 
With these design principles in mind we have taken an approach using 
octadecylamine to template copper nanoparticles in the presence of an 
amine-borane complex as the reducing agent. An extensive range of variables 
(metal precursor, ligand choice, reducing agent choice, capping agent 
concentration, temperature and reaction times) have been studies to identify 
the best strategy to prepare such nanoparticles and to elucidate key factors 
influencing particle growth. Factors postulated to be important in the literature 
such as the dual binding nature of oleylamine (amine and alkene) have been 
examined. The role of the reducing agent has been carefully investigated 
using a series of calorimetric measurements and 11B nmr studies. 
 
Overall a robust route to nanoparticles of copper as small as 5.7±1.3 nm with 
surfactant capping agents has been identified and paves the way to the 
formation of other nanostructures based upon these materials. Additionally, 
they have proved effective catalysts for hydrogenative transformations of 
biomass derived platform chemicals. 

 

COLL 119 

Experimental quantification of nanoparticle photon extinction, 
scattering, scattering, and on-resonance fluorescence cross-sections 

Dongmao Zhang, dz33@msstate.edu. Dept of Chemistry Hand Lab, 
Mississippi State University, Mississippi State, Mississippi, United States 



Most metalic and semiconductor nanoparticles (NPs) are photonically active 
as simultanoues photon absorbers and scatterers, and in many cases also 
emitters as the fluorescence-active NPs. Existing fluorescence studies of 
molecular and NP fluorescence have been focused exclusively on the Stokes-
shifted fluorescence (SSF) in which the emitted photons have longer 
wavelengths than the excitation photons. There is essentially no experimental 
study of the molecular ORF and its impact on the photon scattering 
measurements. This is in spite of that ORF has been depicted in the 
undergraduate textbooks for decades. Presented in this talk is a ratiometric 
polarized resonance synchronous spectroscopic method for experimental 
decoupling of the interplay of the material photon absorption, scattering, and 
ORF emission. The photon extinction, absorption, scattering, and ORF cross-
sections and ORF quantum yields have been quantificed for a series of gold, 
carbon, and quantum dot NPs. The light scattering, ORF, and SSF 
depolarizations have also been evaluated for these NPs. Correlation between 
the NP structure and optical activities will be discusssed on basis of the 
experimental data combined with computational simulations. 

COLL 120 

Reversibly reconfigurable colloidal plasmonic nanomaterials 

David S. Ginger, ginger@chem.washington.edu. Dept of Chemistry, 
University of Washington, Seattle, Washington, United States 

The topic of reconfigurable plasmonic nanomaterials has become an intensive 
research area offering the opportunity to reconfigure the optical, mechanical, 
electronic and catalytic properties of materials with promising applications in 
fields ranging from optics and biosensors, to nanorobotics and energy. In this 
talk, we explore the synthesis and characterization of reconfigurable 
plasmonic nanomaterials that change their structural organization, and hence 
their collective optical properties, in response to external stimuli such as light 
and temperature. We present several different approaches to actuate 
interparticle couplings in response to external triggers, including both 
photoswitch-modified DNA, and stimulus-responsive polymers, and explore 
ways that can generate positive and negative feedback between the stimulus 
and response. 

COLL 121 

Thin-film nanofluidics for single-particle analysis 



Buddini I. Karawdeniya, Y.M. Nuwan D. Bandara, Jonathan W. Nichols, 
Robert B. Chevalier, Jason R. Dwyer, jdwyer@chm.uri.edu. Chemistry, 
University of Rhode Island, Kingston, Rhode Island, United States 

Free-standing, <100 nm-thick silicon nitride windows are the foundation of a 
diverse range of nanofluidic devices for single-molecule and single-particle 
analysis and manipulation. Electron transparency and mechanical strength 
allow their use as windows for ~100 nm-path length, flow-through sample 
chambers for transmission electron microscopy (TEM) studies on samples in 
liquids. We will illustrate the principles of this tool by showing TEM movies of 
gold nanorods interacting in solution. Nanopores—through-window nanofluidic 
channels with <100 nm (and often <10 nm) diameters—offer single-molecule 
and single-particle sensing and manipulation, with a range of both nonoptical 
and optical operating frameworks. Most commonly, passage of an analyte 
through the nanopore is registered as a disruption of solution ion flow, with the 
duration and magnitude of this current “blockage” carrying analyte-specific 
information. Nanopore science leverages the benefits of an inherently 
nanostructured core element to probe and manipulate analyte species. 
Chemically tuned nanopores are an important research horizon due to the 
confluence of rich silicon nitride surface chemistry, the challenges of surface 
functionalizing a highly constrained channel, and the ability to optimize 
nanopore performance and capabilities through surface chemical modification. 
We will present results of different successful strategies to fabricate 
chemically customized nanopores, and we will demonstrate their performance 
in nanoscale sensing applications. 

COLL 122 

Formation of Au nanorings array via particle lithography for applications 
in plasmonics 

Maelani Negrito, Arika Pravitasari, Matthew T. Sheldon, James D. Batteas, 
batteas@mail.chem.tamu.edu. Department of Chemistry, Texas A M 
University, College Station, Texas, United States 

The creation or patterned arrays of metallic nanostructures has numerous 
applications for the design and integration of plasmonic architectures into 
devices for chemical sensing as well as plasmon enhanced solar cells. Here 
we present a facile method for the controlled formation of two-dimensional 
periodic arrays of Au nanorings (comprised of 20 nm Au nanoparticles) on 
hydrophilic polymer surfaces using two-particle lithography (Au nanoparticles 
templated by polystyrene microspheres). In this design method, capillary force 



plays a critical important role in the formation of the nanostructured arrays. As 
such, altering experimental conditions (e.g. such as relative humidity) can 
dramatically influence the capillary force, and the resulting nanostructures that 
are assembled. By control of both Au nanoparticle concentration and the 
associated fabrication conditions, Au nanoring arrays could be formed 
presenting either nano-donuts of loosely assembly particles, or well-defined 
nanorings. The associated optical properties of the materials were examined 
by dark-field scattering and numerically simulated to obtained a detailed 
understanding of the resulting photonic properties. 

COLL 123 

Evaporation of thin films on patterned substrates 

Beth Kazmierski1, Lisong Yang1, Dan Walker2, Li Wei Tan2, Colin D. Bain1, 
c.d.bain@dur.ac.uk. (1) Durham Univ Dept of Chemistry, Durham, United 
Kingdom (2) Merck Chemicals, Southampton, United Kingdom 

The evaporation of droplets on flat substrates has been studied widely since 
the seminal paper in 1997 by Deegan and coworkers on the origin of the 
'coffee ring effect'. In many practical applications, however, one wants to 
confine the droplet and its deposit to a defined region on a surface. One way 
of achieving this aim is to pattern the substrate with raised banks to create 
wells into which droplets can be printed. In most cases, the contact line of the 
droplet is pinned at the top of the well. We have imaged the drying of picolitre 
droplets of organic solvents contained within square wells defined by banks of 
polymer resist. Interferometry has been used to observe the profile of drops 
during drying. For slowly evaporating pure liquids, the droplet shape starts off 
as a spherical cap, passes through a flat surface parallel to the top of the 
walls and then adopts the shape of a spherical bowl. Continued evaporation 
leads to flat region in the centre of the well with curved regions adjacent to the 
walls. The resulting capillary force accelerates drainage of the thin film, in a 
manner similar to the drainage of liquid from the lamella of a foam into the 
Plateau borders, with the added constraint that there is a no-slip boundary 
condition at the liquid-substrate interface. More complex dryng dynamics is 
also observed. For rapidly evaporating drops we observed the formation of a 
raised region in the centre of the well towards the latter stages of drying (see 
Figure 1). There is evidence for thermal Marangoni effects in fast-drying 
solvents, where the droplet never passes through a stage where the surface is 
flat. For binary mixtures of solvents, solutal Marangoni effects may influence 
the droplet dynamics during drying. 



 

 
 
Figure 1. Interferometric image of o-xylene droplet evaporating in a 200-μm square 
well. 

COLL 124 

Nanobubbles in bulk solution 

William A. Ducker, wducker@vt.edu, Zechen Zhang. Dept. of Chemical 
Engineering and Center for Soft Matter and Biological Physics, Virginia Tech, 
Blacksburg, Virginia, United States 

Although once controversial, there is now significant evidence supporting the 
existence of thin bubbles at interfaces (nanobubbles) and describing their 
properties. Research into nanobubbles in bulk is highly controversial and 
perhaps mirrors the state of understanding of interfacial nanobubbles 15 years 
ago. Although there is strong evidence for armored bubbles (those with a 
significant coating), conventional wisdom suggests that unprotected bubbles 
with small diameters should be under a high Laplace pressure and therefore 
not be stable. Yet there are persistent reports or claims in the literature of 
stable nanobubbles. Part of the problem is that there is no well-described 
method for making nanobubbles. This makes it difficult to apply a battery of 
tests to determine the nature of the objects. In this talk, I will describe a 
method for producing “nanobubbles” in bulk that is a variant of the solvent 
exchange method. We find that this method reproducibly produces 
suspensions that scatter light, consistent with objects of diameter 100-200 nm, 
and that the scattering signal is stable for hours. Use of degassing solvents 
produces much lower levels of scattering, in fact similar to that of the 



individual solvents. This evidence suggests that the 100-200 nm objects are 
air bubbles. Our expectation is that a reliable method of producing these 
suspensions will enable further evidence to be gathered, either in favor or 
against the existence of nanobubbles, and also stimulate discussion of the 
mechanism of stabilization. 

COLL 125 

Dynamics of stratification in micellar freestanding films 

Yiran Zhang, Subinuer Yilixiati, Vivek Sharma, 
vivekpoly@yahoo.com. Chemical Engineering, University of Illinois at 
Chicago, Chicago, Illinois, United States 

The stability, rheology and applications of foams, emulsions and colloidal sols 
depend on the hydrodynamics and thermodynamics of thin liquid films that 
separate bubbles, drops and particles respectively. Thin liquid films containing 
micelles, colloidal particles, liquid crystals or polyelectrolyte-surfactant 
mixtures exhibit step-wise thinning or stratification, often attributed to the 
layer-by-layer removal of the aforementioned supramolecular structures. 
Stratification proceeds through emergence and growth of thinner circular 
domains within a thicker film, and the domain expansion dynamics are the 
primary focus of this study. Domain and associated thickness variation in thin 
foam films (h < 100 nm) made from sodium dodecyl sulfate (SDS) micellar 
solutions are examined using a porous plate cell with a novel technique we 
call Interferometry Digital Imaging Optical Microscopy (IDIOM). Using IDIOM 
protocols we developed recently, we show that the nanoscopic thickness 
variations in stratifying films can be visualized and analyzed with an 
unprecedented spatial (thickness ~ 1 nm, lateral ~500 nm) and temporal 
resolution (< 1 ms). We show that the domain expansion dynamics exhibit two 
distinct growth regimes: a transition from a constant diffusivity to a constant 
velocity regime is realized when a topological instability occurs at the contact 
line between the growing thinner isolated domain and the surrounding thicker 
film. We show a similar transition is also realized after a section of the 
expanding domain coalesces with the Plateau border. Though several studies 
have focused on the expansion dynamics of isolated domains that exhibit a 
diffusion-like scaling, the change in expansion kinetics observed after 
domains contact with the Plateau border has not been reported and analyzed 
before. We have developed a theoretical model that incorporates both 
hydrodynamic and thermodynamic effects for capturing domain expansion 
kinetics in stratifying foam films. Using the exquisite thickness maps created 



using IDIOM protocols, we also provide the first visualization of nanoridges as 
well as mesas that form at the moving front around expanding domains. 

 

COLL 126 

Solid particles, fluid interfaces, and new opportunities for functional 
materials 

Tony Dinsmore1, dinsmore@physics.umass.edu, Nesrin Senbil2, Wei 
He1. (1) Department of Physics, University of Massachusetts, Amherst, 
Massachusetts, United States (2) Department of Physics, University of 
Fribourg, Fribourg, Switzerland 

The interface between two liquids – such as the surface of a water droplet in 
oil – provides a versatile platform for arranging small particles into functional 
membranes and other materials. Owing to the large energy cost of the fluid 
interface, nanometer-to-micron-sized colloidal particles readily adsorb at the 
interface. While this adsorption phenomenon has been used in industry for 
decades, it continues to pose fundamentally fascinating and technologically 
relevant questions. We will describe recent studies of the shape of the three-
phase contact line and the contact angle on particles at fluid interfaces. We 
will then turn to theory and experiments that show how to manipulate particles 
by means of interface shape, taking advantage of the interplay between 
geometric frustration and long-range deformations. Finally we will present 
measurements of hysteresis in the contact angle at interfaces with anisotropic 
shape. 



COLL 127 

Films of bacteria at interfaces 

Kathleen J. Stebe1, kstebe@seas.upenn.edu, Liana Vaccari3, Tagbo Herman 
Niepa3, Mehdi Moaei3, Mark Goulian3, Daeyeon Lee2, Robert Leheny4. (1) 
Chem Biomole Dept Rm 311A, Univ of Pennsylvania, Philadelphia, 
Pennsylvania, United States (2) University of Penn, Philadelphia, 
Pennsylvania, United States (3) Chemical and Biomolecular Engineering, 
University of Pennsylvania, Philadelphia, Pennsylvania, United States (4) 
Physics and Astronomy, Johns Hopkins University, Baltimore, Maryland, 
United States 

Bacteria are widely studied as self-propelled organisms with collective 
behaviors in the context of active colloids. We study bacteria at oil-water 
interfaces; bacteria become trapped at fluid interfaces, where they form Films 
of Bacteria at Interfaces (FBI) with rich behaviors that depend subtly on 
microbial features and genetic makeup. FBI can contain bacteria that remain 
active as they colonize the interface, allowing studies analogous to those in 
quasi-2D systems to be performed. Alternatively, over time, FBI can contain 
bacteria in complex, elastic structures comprising secretions like 
exopolysaccharides, surfactants, living and dead bacteria, akin to those 
formed in biofilms. Recent observations for different strains of Pseudomonas 
bacteria are discussed with an emphasis on FBI mechanics, colloidal probe- 
bacterium interactions, and the role of cellular features including flagella, pili, 
and the ability to produce certain polysaccharides. Transcriptional profiles of 
interface-trapped bacteria indicate that microbial gene expression is altered at 
the interface; a particular metabolism enzyme is implicated in the ability to 
form elastic versus active FBI. Such insights could lead to new strategies to 
promote or avoid elastic FBI formation. 

COLL 128 

Dynamic adhesion by hydrogen bonding in flowing and swimming 
colloidal systems 

Maria M. Santore, santore@mail.pse.umass.edu. Department of Polymer 
Science, University of Massachusetts, Amherst, Massachusetts, United States 

The reversible dynamics of hydrogen bonding systems play important roles in 
gels and in biology, for example in mucosa. Adhesion of particles and bacteria 
at these interfaces play critical roles in the gut and present an opportunity for 



controlled delivery. At the same time, these situations require an 
understanding of the response of adhesive colloidal systems to mechanical 
force. In this talk several colloidal systems (a negatively charged 
microparticle, a brush-coated S. aureus mimic, an E. coli mimic, and 
swimming and non-swimming E. coli are compared as they flow past a 
polyethylene glycol brush, which itself is non-adhesive to proteins and does 
not arrest bacterial cells. We first demonstrate that when substantial hydrogen 
bonding is allowed, negative microparticles can be captured through hydrogen 
bonding on the brush, though they roll for substantial distances, due to 
reversible hydrogen bonding, before they accumulate sufficient bonds to 
arrest. Engineered bacterial mimics capture some of the dynamic behavior of 
bacteria in terms of short reversible attachments to the surface and stretches 
of interfacial rolling, but the bacteria exhibit the unique behavior of multiple 
engagements in flow, due to stronger reversible interactions. The swimming 
bacteria exhibit interesting directional behavior and even greater probabilities 
for repeat engagement. 

COLL 129 

Functional membranes via interfacial complexation in aqueous two 
phase systems 

Sarah Hann2, Kathleen J. Stebe1, Daeyeon Lee2, 
daeyeon@seas.upenn.edu. (1) Chem Biomole Dept Rm 311A, Univ of 
Pennsylvania, Philadelphia, Pennsylvania, United States (2) University of 
Penn, Philadelphia, Pennsylvania, United States 

To encapsulate materials within a microcapsule, emulsion-based methods are 
often exploited; a drop of fluid is dispersed in an immiscible fluid, for example, 
an aqueous drop in an external oil phase. Inducing complexation of molecules 
or particles that adhere to the interface from either fluid phase leads to the 
formation of an encapsulating membrane. Advantages to this approach 
include the broad ranges of materials/molecules that can be incorporated into 
membranes and a high potential of scale-up of microcapsule production. 
There are important limitations, however, as oil-water interfaces can be hostile 
to delicate biological media as cargo or membrane components. We are 
developing strategies to exploit aqueous two phase systems (ATPS) as 
droplet and external phases to encapsulate cargo based on complexation of 
polyelectrolytes and nanoparticles dispersed in either phase. These systems 
pose interesting challenges; because the interfacial tension is extremely low, 
the interfaces may not be as effective trapping sites as oil-water interfaces. 
We show that the key to obtaining microcapsules is to tune the relative fluxes 



of the polyelectrolytes to meet and undergo complexation at the interface. We 
also observe the formation of encapsulated double emulsions that 
spontaneously form upon introduction of polyelectrolyte-containing droplets in 
a nanoparticle-containing continuous phase. Using the pendant droplet 
method, we show that osmotic pressure imbalance plays a major role in the 
spontaneous formation of such structures. Our efforts to tune mechanical 
robustness and stimuli-responsive properties of these encapsulated double 
emulsions will be discussed. We also explore the possibility of using these 
encapsulated double emulsions as protocells that can exhibit some basic 
functions of living cells. 

COLL 130 

Lattice gas model for asphaltenes adsorption at water/oil interface 

Vincent Pauchard, vincentpauchard.pro@outlook.com, Charles Maldarelli, 
Shaghayegh Darjani. Chemical Engineering, The City College of New York, 
New York, New York, United States 

Recent articles proposed that asphaltenes behave as surfactants insofar they 
follow an equation of state, which can be approximated by a Langmir model. 
The resulting estimate of molecular area circa 0.3 nm2 could correspond to an 
average asphaltenes aromatic core parallel to the water surface, in line with 
Sum Frequency Generation spectroscopy observations. The caveat of this 
approach is that the Langmuir model does not predict any transition to a solid 
interface at high coverage as observed experimentally by shear rheology. On 
the other hand the use of a surfactant molecular area larger than the area of 
an adsorption site (here a water molecule) contradicts the localized adsorption 
assumption of the Langmuir model. This discrepancy can be resolved using 
ideal adsorption models accounting for the relative size of adsorbate and 
adsorption site, i.e. Lattice Gas models. It is here reported the comparison 
between asphaltenes experimental data and a Lattice Gas model of 
hexagonal molecules covering 4 adsorption sites on a triangular lattice (a 
choice dictated by the original estimate of asphaltenes molecular area and the 
geometry of their aromatic core). With respect to dilatational rheology, the 
relationship between high frequency modulus and surface pressure is very 
well captured by the Lattice gas model. The same applies to the relationship 
between surface pressure and area of droplet suddenly contracted or 
expanded. The Lattice Gas model also predicts a transition from a fully fluid to 
a fully solid interface around 70-80% relative coverage. The corresponding 
surface pressure values almost exactly match the experimental values at 
which a contracted droplet loses its Laplacian shape. Finally the Lattice Gas 



model exhibits dynamic frustration: if coverage increases fast compared to 
interfacial diffusion the interfacial layer enters into a metastable glass state 
that slowly relaxes towards a crystalline state. Such a scenario is perfectly 
consistent with the observation of Soft Glass rheology features during 
interfacial shear experiments on asphaltenes laden surfaces. It is also 
consistent with the observation of birefringence within asphaltenes laden 
interfaces upon aging of a contracted droplet. 

COLL 131 

Comparative thermodynamic and modeling study of the adsorption of 
cyclopentane and cyclohexane on MgO(100), hBN and graphite basal 
plane 

Fatema Wahida2, fwahida@vols.utk.edu, John Z. Larese1. (1) Chemistry 
Dept., University of Tenessee, Knoxville, Tennessee, United States (2) 
Chemistry, University of Tennessee-Knoxville, Knoxville, Tennessee, United 
States 

The adsorption of cyclopentane and cyclohexane on the surface of 
magnesium oxide (100), , hexagonal boron nitride and the graphite 
nanoparticles were studied to investigate the role of molecular versus surface 
symmetry on their combined physicochemical properties. The planar 
D6h structure of cyclohexane (saddle point in potential energy surface) has 
common symmetry element(s) with all three surfaces under investigation while 
the planner D5h structure of cyclopentane suffers from a frustration during the 
adsorption process due to the lack of symmetry match with the substrates. 
The effect of this symmetry mismatch is clearly reflected in the layering 
behavior on the surfaces as established by a series of high-resolution 
volumetric adsorption isotherms recorded over the temperature range of 195-
265K on each of the substrates. Thermodynamic properties such as the heat 
of adsorption, differential enthalpy, and differential entropy of adsorption 
during the layer growth process were calculated from the adsorption isotherm. 
The behavior of the two dimensional isothermal compressibility as a function 
of temperature and coverage was used to identify the locations of layering and 
potential phase transitions. To gain additional insight into the structure and 
dynamics of the adsorbed layers, classical molecular dynamics simulations 
were performed using a centralized force field (COMPASS). Molecular 
trajectories generated over a broad range of temperatures were analyzed to 
obtain binding energy and concentration profile of molecules from the 
surfaces. By examining the radial distribution functions the effect of surface 
corrugation on the structure of adsorbed layers was investigated. The results 



of these modeling studies will be used to aid future quasi- and inelastic 
neutron scattering experiments aimed at exploring the effects of surface 
adsorption on the rotational and translational diffusion and vibrational motion 
of the single and multilayer molecular films. 

 
Snapshot of cyclopentane monolayer on hBN at 50K 
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Heterogeneity of surface coverage of organic ligands on single facets of 
gold nanoparticles due to inhomogeneous metal-molecule interactions 

Jong-Won Park, jwonpark@gmail.com. Chemistry, Boston University, 
Boston, Massachusetts, United States 

Surface heterogeneity of nanoparticles has been mostly studied in terms of 
different facets and boundary defects. While it is typically assumed that single 
types of ligands are homogeneously distributed on nanoparticle facets, which 
is valid only for monodentate ligands such as thiols, we observed that citrate 
molecules are heterogeneously distributed on facets of gold nanoparticles 
(AuNPs). The organic layers were inversely probed by ligand-templated metal 
depositions. Platinum islands were epitaxially grown on AuNP facets via 
reduction of Pt ions by ascorbic acids in solution, where citrate layers act as 
pre-existing templates. Local surface regions without Pt islands are 
interpreted as regions of densely-packed ligand layers formed, which were 



characterized using high-resolution TEM. We found a pH-dependent 
distribution of 5 - 10 nm domains of the densely-packed citrate layer on AuNP 
facets. At pH 4.5 citrate molecules form both loose and dense layers, whereas 
at pH 5 - 7 citrate molecules form only homogeneously-distributed loose 
layers. Fully-protonated citric acids (H3Citrate) are likely responsible for the 
formation of dense layers, due to the versatile intermolecular hydrogen bonds 
on gold surfaces, suggested by a simple structural modeling on Au(111). 
Detailed metal-molecule interactions are proposed with considering 
aurophilicity of Au(I) adatoms, depending on metal oxidation states and citrate 
speciation. We conclude that deprotonated citrate species including 
H2Citrate- and HCitrate2- interact with Au(I) adatoms only through carboxylate 
groups whereas citric acids directly adsorb on metallic Au(0) surfaces through 
both the hydroxyl group and carboxylic moieties. 
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Identifying the adsorption sites of atomic oxygen on Ru(0001)-supported 
graphene 

Manh Thuong Nguyen1, manhth.nguyen@gmail.com, Zbynek Novotny1, 
Falko Netzer5, Vanda Glezakou4, Roger Rousseau2, Zdenek Dohnalek3. (1) 
PNNL, Richland, Washington, United States (2) IIC, PNNL, Richland, 
Washington, United States (3) Pacific Northwest National Lab, Richland, 
Washington, United States (4) FCSD, Pacific Northwest National Laboratory, 
Richland, Washington, United States (5) University of Graz, Graz, Austria 

In the quest for new heterogeneous catalysis materials, structures based on 
atomically thin carbon nanosheets are of a promising class. Here, by means 
of scanning tunneling microscopy (STM) and density functional theory (DFT) 
we investigate chemical functionalization of graphene supported on Ru(0001) 
with atomic oxygen (AO). The local differences in the periodic Moiré structure 



of graphene on the metal offer three types of distinct adsorption sites: bright 
regions with largest distances from the metal substrate (TOP), dark regions 
closest to the metal (HCP), and medium-bright regions slightly further than the 
dark ones (FCC). AO is mainly observed within the medium-bright regions and 
starts to diffuse above 400 K. By analyzing the AO diffusion paths we show 
that AO is located on top of carbon atoms, forming enolate groups. In 
agreement with experiments, our DFT calculations show that the stability of 
atomic oxygen is strongly region-dependent, and increases from TOP, to HCP 
and FCC, as clearly evidenced by the calculated adsorption energy of +0.18, -
1.28, -1.67 eV, respectively. In the HCP and FCC regions, the enolate 
structure is the most stable while the bridge site adsorption is unstable. We 
have also found that in the TOP region the stable AO binding configuration is 
in the bridge position. This is because in the TOP region, graphene is much 
less affected by the Ru support, while in the HCP and FCC regions the 
adsorption of AO is stabilized by the formation of C-Ru bonds. 
Computationally, the maximum diffusion barrier of AO in all regions is about 
1.1 eV, consistent with the onset temperature for AO diffusion of 400 K. The 
methods developed in this manuscript can be easily transferred to any 
supported graphene systems to determine adsorption structures of different 
ad-atoms. 
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Understanding surface reaction pathways and the role of chemical 
functionality in the initial stages of copper and silver deposition in CVD 
and ALD processes 

Andrew V. Teplyakov, andrewt@udel.edu. Chemistry and Biochemistry, 
University of Delaware, Newark, Delaware, United States 

Copper and silver deposition onto solid substrate is commonly used to 
achieve a number of practical interfaces used in sensing, microelectronics, 
catalysis, etc. The atomic-level control over the formation of these interfaces 
is required for many of these applications. The chemistry of the deposition 
process, especially at the early stages, is largely determined by the available 
surface functionality or termination. 
Chemical interactions of several copper and silver deposition precursor 
molecules with functionalized silicon, silica, ZnO, and carbon (ordered 
pyrolytic graphite, HOPG) surface will be discussed targeting specifically the 
chemistry of adsorption and decomposition depending on the precursor 
ligands and oxidation states of the metal. This work will utilize microscopic 
and spectroscopic analytical techniques and supplement the experimental 



findings with the density functional theory calculations describing the reactivity 
of copper deposition precursors, including Cu(acac)2, Cu(hfac)2, and 
Cu(hfac)VTMS, and silver deposition precursor on 
trimethylphosphine(hexafluoroacetylacetonato)silver(I). The role of the 
chemistry in determining the structures (or thin films) deposited will be 
discussed. 
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Adsorption, decomposition and geometry of toxic chemicals adsorbed 
on TiO2(110) 

Yenny P. Cardona-Quintero, yenny.p.cardonaquintero.ctr@mail.mil, 
Ramanathan Nagarajan. Natick Soldier RDEC, Natick, Massachusetts, United 
States 

Metal oxides offer one of the effective means for the adsorption and 
decomposition of chemical warfare agents (CWA) while showing great 
stability. Because of the high toxicity of CWAs, experimental research on them 
has been limited and the use of simulants - molecules with similar chemical 
and physical properties to CWAs but with less toxicity - has been adopted. An 
example is the use of dimethyl methyl phosphonate (DMMP) as a simulant for 
the nerve agents Sarin and Soman. Using theoretical tools to model the 
agent-metal oxide systems allows the study of the CWAs as well as the 
simulants and their interaction with the metal oxide surfaces, providing 
information about the stability, decomposition and properties of the systems. 
In this work, we study the adsorption energy, geometry and dissociation of 
Sarin, Soman and DMMP on TiO2(110) using density functional theory. We 
find that the molecular adsorption of Sarin, Soman and DMMP on TiO2(110) is 
carried out through the formation of an P=OAgent - TiTiO2 bond and the most 
stable configurations are characterized by the presence of multiple H bonds 
formed between HAgent atoms of a CH3 group and an OTiO2 surface atom. In 
the dissociative adsorption of the agents on TiO2(110), DMMP dissociates in 
the (CH3)2O3P and CH3 groups while the CWAs dissociate in the CH3FO2P 
and (CH3)nCmH groups with n = 2, m =1 for Sarin and n = 4, m = 2 for Soman. 
The comparison in the adsorption energy (Eads) for the dissociated and 
molecular agent-TiO2systems shows that a dissociative bidentate 
configuration of the agent is preferred with an Eads difference of about 1 eV 
between the dissociative and the molecular configuration. 
Additionally, the effect of the environmental conditions through the 
hydroxylation of the agent-TiO2 systems was considered. The results show 
that the molecular adsorption of water is preferred over the dissociative one 



for the three agents. Although, in the case of Sarin and Soman the interaction 
between the agent and TiO2 with molecular adsorption of water occurs via a H 
bond between the O atom of the P=OAgent and a H atom of a water molecule, 
while for DMMP, a P=OAgent - TiTiO2 bond is formed, similar to the non-
hydroxylated systems. This result suggests that a difference in the adsorption 
mechanisms of the simulant DMMP compared to the CWAs Sarin and Soman 
on TiO2(110) could exist, especially for the hydroxylated surface. 
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Determining the optimum surface conditions of TiO2/Au(111) for the 
selective oxidation of ethanol to acetaldehyde 

Ashleigh Baber, ashleigh.baber@gmail.com, David T. Boyle, Jeremy A. 
Wilke, Vivian H. Lam. Chemistry and Biochemistry, James Madison 
University, Harrisonburg, Virginia, United States 

Depending on the surface preparation conditions, Au(111) supported 
TiO2 nanoparticles react with small alcohols to form either reduced and 
oxidized products. The desire to selectivity form oxidized or reduced products 
merits an investigation of alcohol reactivity over differently prepared 
TiO2/Au(111) surfaces. In this work, a systematic study of ethanol reactivity 
over several TiO2/Au(111) surfaces elucidates the effect of surface conditions 
on the selectivity of the reaction between ethanol and TiO2/Au(111). Methods 
to control the surface conditions of TiO2/Au(111) include: 1) Altering the 
monolayer coverage of TiO2 nanoparticles on Au(111); 2) Controlling the 
oxidation state of TiOx (x<2); 3) Annealing the TiO2/Au(111) surface at 
different temperatures (600 K vs. 850 K); 4) Introducing co-adsorbates (H2O) 
to the surface prior to the reaction with ethanol. Atomic force microscopy 
(AFM) provides information regarding the structure of the Au(111) supported 
TiO2 nanoparticles and ultrahigh vacuum temperature programmed desorption 
(TPD) monitors the selectivity of the reaction between ethanol and each 
TiO2/Au(111) surface. Low coverages of fully oxidized TiO2 nanoparticles on 
Au(111) are active for the selective oxidation of ethanol to form acetaldehyde. 
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First electronic transition and hydrogen bonding state of interfacial 
water on alpha-alumina surface studied by far-ultraviolet spectroscopy 

Takeyoshi Goto, ycfjgh@gmail.com, Tomoya Kinugasa, Yukihiro 
Ozaki. Chemistry, Kwansei Gakuin University, Sanda, Hyougo, Japan 



The first electronic transition (A←X) of liquid water is observed around the 
wavelength of ~150 nm in the far-UV (FUV) region and is very sensitive to 
hydrogen bonding (H-bonding) and hydration states because of the excitation 
of the non-bonding electrons on the oxygen atom. In this study, the A←X 
transition of interfacial water on an α-alumina surface was studied with using 
attenuated total reflection FUV spectroscopy (wavelength: 140–180 nm or 
8.86–6.89 eV). The interfacial water was examined for a liquid water-alumina 
interface and an ultra-thin water layer of nano-meter thickness (<10 nm) 
between two alumina surfaces. For the liquid water-alumina interface, a 
variation in the penetration depth of the evanescent wave of the probe light 
(25–19 nm) determined the individual FUV spectra associated with bulk water 
and interfacial water. The A←X band of the interfacial water was markedly 
blue-shifted and red-tailed relative to that of bulk water, indicating that the H-
bond network of the interfacial water involves an ice-like structure with broken 
H-bond acceptors. The ultra-thin water layers of nano-meter thickness were 
prepared between a highly polished alumina plate and alumina prism. The 
A←X band of the thin water layer was blue-shifted or red-shifted, which 
depends on the H-bonding states of the formed thin layer. In either case, the 
hydrogen bond structure of bulk water is completely lost below 4 nm 
thickness, caused by steric hydration forces between the two alumina 
surfaces. 
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Altering the surface structure of SAMs through the adsorption of 
octanethiol and decyl thiocyanate on Au(111) 

Annette F. Raigoza, araigoza@csbsju.edu, Rejene Giinther, Daniel 
Zoltek. Chemistry, College of Saint Benedict / Saint John's University, St. 
Joseph, Minnesota, United States 

Scanning tunneling microscopy (STM) is used in ambient conditions to 
characterize the surfaces produced on Au(111) through exposure to 
octanethiol (OT) and decyl thiocyanate (DTCN). Mixed monolayers formed 
through the coadsorption of OT and DTCN are influenced by the relative ratios 
of the two components; increasing the fraction of DTCN increases its 
coverage on the surface. The overall solution concentration also affects the 
surface structures produced. Sequential adsorption of OT followed by DTCN 
results in the restructuring of the domain boundaries and allows the 
displacement of OT along defects in the monolayer. We demonstrate here 
that modifying the deposition parameters can tailor the surface coverage and 
aggregation patterns formed using SAMs. 
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Insights into water adsorption on ZnO(10-10) surfaces: An IRRAS study 

xiaojuan Yu, xiaojuan.yu@partner.kit.edu, Chengwu Yang, Ludger Schöttner, 
Stefan Heißler, Alexei Nefedov, Christof Woell, Yuemin Wang. Institute of 
Functional Interfaces, Karlsruhe Institute of Technology, Eggenstein-
Leopoldshafen, Germany 

The interaction of water with metal and oxide surfaces is a topic of 
fundamental interest. In catalysis, water is present in many chemical 
reactions, either as a reactant, product, solvent or contamination. Studies on 
the hydration process of ZnO surfaces are of particular importance for an 
atomic level understanding of numerous catalytic reactions such as methanol 
production from synthesis gas and the water–gas shift reaction. Here, the 
adsorption and reaction of water on the non-polar ZnO(10-10) single crystal 
surface were investigated systematically by infrared reflection absorption 
spectroscopy (IRRAS) coupled with grazing incidence X-ray photoelectron 
spectroscopy (XPS). The experimental data revealed the presence of various 
species including water monomer, mixed H2O/OH monolayer, water bilayer 
and multilayers formed depending on the temperature and coverage. The 



results from isotopic substitution experiments with D2
16O and D2

18O at 250 K 
provided deep insight into the water adlayer. On the basis of temperature-
dependent IRRAS experiments, additional information about the structure 
evolution and reaction kinetics was obtained. 
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Interaction of water with the Fe2O3(0001) surface 

Ludger Schöttner, ludger.schoettner@kit.edu, Alexei Nefedov, Yuemin 
Wang, Christof Woell. Karlsruhe Institute of Technology, Karlsruhe, Germany 

A fundamental understanding of water adsorption on solid surfaces, in 
particular on the surface of metal oxides, is very important because water is 
involved in many catalytic processes. In this work, we present a surface 
science study on the interaction of water (D2O) with a well-defined 
Fe2O3(0001) single-crystal surface in the temperature range of 130 K to 300 K 
by polarization-dependent infrared-absorption-reflection-spectroscopy 
(IRRAS). After exposure of the clean Fe-terminated sample to D2O at 250 K, 
two IR bands were clearly resolved at 2721 and 2702 cm-1. The OD bands 
were shifted to lower frequencies by ~17 cm-1 when double isotopically 
labeled water (D2

18O) was adsorbed, indicating that no hydroxyl species 
originate from D adsorption on the substrate oxygen. The combined results 
from IRRAS and synchrotron based X-ray-photoelectron spectroscopy (XPS) 
revealed the presence of a mixed OD/D2O adlayer on Fe2O3(0001). In 
addition, our data allowed to gain deep insight into the nature of water bilayer 
and multilayers formed via exposure to D2O at 130 K. 
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Impact of atmospheric adsorbates on chemical warfare agent simulant 
decontamination 

Robert Balow4, bobbybalow@gmail.com, Daniel Barlow2, Jeffrey Lundin2, 
Ivan Iordanov3, Wesley O. Gordon3, Craig Knox3, Victor M. Bermudez5, James 
H. Wynne2, Gregory Peterson3, Christopher J. Karwacki3, Pehr Pehrsson2. (2) 
Chemistry Division, Naval Research Laboratory, Washington, District of 
Columbia, United States (3) Edgewood Chemical Biological Center, Aberdeen 
Proving Ground, Maryland, United States (4) NRC Research Fellow, Naval 
Research Laboratory, Washington, District of Columbia, United States (5) 
Emeritus, Naval Research Laboratory, Washington, District of Columbia, 
United States 



Much effort has been focused on developing materials and sorbents for 
decontamination of chemical warfare agents (CWAs); however, CWAs can 
have different reactivity and decomposition pathways, making it difficult to find 
an all-in-one decontamination solution. Zirconium hydroxide (Zr(OH)4) has 
excellent sorption properties and wide-ranging reactivity towards numerous 
types of CWA and simulants. This reactivity has been attributed to a 
combination of diverse surface hydroxyl species (terminal, bridging, etc.) and 
under-coordinated Zr defects. Unfortunately, these promising preliminary 
results were often obtained under pristine and unrealistic operating conditions 
in which the potential impact of atmospheric components (e.g. H2O and CO2) 
and trace contaminants (e.g. NOx, SO2, H2S and various hydrocarbons) was 
not a factor. 
A more complete picture of the reactivity under operando conditions is 
necessary to evaluate the potential field use of Zr(OH)4 for CWA 
decontamination. We couple insights from theory with a suite 
of operando infrared spectroscopy techniques to probe the Zr(OH)4surface, at 
ambient pressure, under various atmospheric components. Contaminated 
surfaces are then exposed to a sarin CWA simulant, DMMP, to evaluate the 
impact of these adsorbed surface contaminants on the decomposition 
performance of Zr(OH)4. 

 
 
The role of atmospheric adsorbates on the decontamination performance of Zr(OH)4, a 
promising sorbant/decontaminant for toxic compounds, is explored using a sarin 
chemical warfare agent simulant, DMMP. 
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Self-adjustable synthetic nano-clay/polyacrylamide hydrogel system 
containing methyl cellulose via ammonium persulfate induced 
polymerization 

Jingyang Pu, pjk9f@mst.edu, Baojun Bai, Jiaming Geng, Na 
Zhang. Petrolume Engineering, Missouri S&T, Rolla, Missouri, United States 

Conformance improvement is achieved in a subterranean hydrocarbon-
bearing formation with high molecule weight water-soluble crosslinked 
polymer to alter the permeability of the formation during water injection. In 
recent years, significant efforts have been invested to design in-situ gel or 
preformed particle hydrogel(PPG) with multiple advance properties by using a 
gel system consist of a high molecular superabsorbent preformed polymer 
(SAP), a crosslinker capable of crosslinking the polymer along with specific 
additives to modify the properties between which the latter one are reported 
more successful in practice. However, current reported PPG systems are 
proven unsatisfactory mainly on either mobility during injection or plugging 
efficiency after packing. The biggest challenge for PPG treatment is how to 
balance inter-inhibitive relations in both periods. In this study, instead of 
modifying regular parameters during polymerization, methyl cellulose(MC) is 
introduced to make gel strength reversible and adjustable in varying 
temperatures. MC is as a typical material with thermol-reversible ability. 
Results show that superabsorbent nano-clay/polyacrylamide based 
hydrogel(SNAm) formed via methyl cellulose polymer(1.5wt%) possess 
significantly mechanical strength-adjustable ability to external temperature 
stimuli, showing varying strengths(from 600Pa for room temperature up to 
1400Pa for 65°C) as temperature changes. In addition, solution 
polymerization is conducted to synthesize SNAm through which hydrogel 
properties are controlled, especially swelling ratio and thermol-sensitivity. 
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Paramagnetic gold nanorods for combined magnetic resonance imaging 
and photo-thermal therapy 

Arunkumar Pitchaimani, humarun@ksu.edu, Tuyen Nguyen, Santosh 
Aryal. Chemistry, Kansas State University, Manhattan, Kansas, United States 

Near infrared (NIR) laser-mediated photothermal therapy and magnetic 
resonance imaging (MRI) are promising treatment and imaging modalities in 
the field of cancer theranostics. Gold nanorods are the first choice of materials 
for NIR-mediated photothermal therapy due to their strong localized surface 
plasmon resonance (LSPR) at NIR region. Similarly, gadolinium based MRI 
contrast agents have an ability to increase the ionic and molecular relaxivity, 
thereby enhancing the solvent proton relaxation rate resulting in contrast 
enhancement. Herein, the effort has been made to engineer a dual front 
theranostic agent with combined photothermal and magnetic resonance 
imaging capacity using gadolinium tethered gold nanorods (Gd3+-AuNR). NIR-
responsive gold nanorods were prepared using seed-mediated growth method 
and were surface fabricated using Au-thiol interaction using a thiolated 
macrocyclic chelator that chelates Gd3+ ions, and further stabilized by 
thiolated polyethylene glycol (PEG-SH). The theranostic Gd3+-AuNR were 
investigated for its physical properties like Gd3+ loading, T1 weighted 
magnetic properties along with it's in-vitro and in-vivo hyperthermal properties. 
Further, the in vitro phototoxicity were assessed against B16-F10 mouse 
melanoma cell line. The magnetic properties of the Gd3+-AuNR displayed an 
enhanced r1 relaxivity of 12.1mM-1s-1, with higher biological stability and 
contrast enhancement in both solution state and cell pellets. In-vitro (cell-free) 
and ex-vivo (on pig skin) analysis of the Gd3+-AuNR shows enhanced 



photothermal properties as equivalent to that of the raw AuNR. Furthermore, 
Gd3+-AuNR showed competent cellular entry and intracellular distribution as 
revealed by hyperspectral microscopy. Also, Gd3+-AuNR exhibits significant 
thermal ablation of B16-F10 cells in the presence of NIR (λ=808 nm). Gd3+-
AuNR features a significant theranostic potential with combined photothermal 
and imaging modality, suggesting a great potential for anticancer therapy. 
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Biocompatible and label-free microfluidic separation of cancer cells 
from blood in ferrofluids 

Wujun Zhao1, zhaowj@uga.edu, Rui Cheng2, So Hyun Lim3, Joshua R. 
Miller1, Leidong Mao2. (1) Department of Chemistry, The University of 
Georgia, Athens, Georgia, United States (2) College of Engineering, The 
University of Georgia, Athens, Georgia, United States (3) Department of 
Microbiology, The University of Georgia, Athens, Georgia, United States 

Circulating tumor cells (CTCs) are detached from primary solid tumors and 
carried through the vasculature to potentially seed distant site metastases in 
the vital organs - the main cause of death by cancer. Formative and iterative 
assessments of CTCs throughout the cancer treatment process could inform a 
more effective disease management. The precise counting of CTCs in the 
blood circulation may constitute a very powerful tool to monitor treatment 
efficacy in cancer patients, but it also requires the development of highly 
sensitive, high-throughput, and low-cost separation technology. 
 
This paper reports a biocompatible and label-free cell separation strategy 
using ferrofluids in microfluidic devices. The separation is based on cell size 
difference and conducted in a custom-made biocompatible ferrofluid that 
retains not only short-term viabilities but also normal proliferations of 7 
commonly used cancer cell lines. The microfluidic device is designed and 
optimized specifically to shorten the exposure time of live cells in ferrofluids 
from hours to seconds, by eliminating time-consuming off-chip sample 
preparation and extraction steps and integrating them on-chip. This 
combination of approaches resulted in a live cell separation strategy in 
ferrofluids. As a proof-of-concept demonstration, a ferrofluid with 0.26% 
volume fraction was used in a device to separate spiked cancer cells (100 
cancer cells/mL) from white blood cells. The separation efficiencies were 
80±3%, 81±5%, 82±5%, 82±4%, and 86±6% for A549, H1299, MCF-7, MDA-
MB-23, and PC-3 cancer cell lines, respectively. Separated cancer cells purity 
was on the order of 20%. After separation, captured cancer cells showed 



excellent viability (93.8±1.5%) and normal proliferation to the confluence. We 
further demonstrated the technology worked well with clinical samples by 
successfully enriching CTCs from blood samples of non-small cell lung cancer 
patients. The analyzed results of CTCs and their mutations have the potential 
to assist in treatment decisions for patients. This technology can be applied to 
other areas of cancer biology where an understanding of cancer metastasis 
requires enrichment and manipulation of CTCs. 
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Six year manufacturing to human clinical trial programme for the first 
oral dosed HIV nanomedicines 

Marco Giardiello1, magia@liv.ac.uk, Tom McDonald1, Neill Liptrott2, Phil 
Martin2, Darren Smith2, Marco Siccardi2, Rohan Gurjar2, Andrew Owen2, 
Steve Rannard1. (1) Chemistry, University of Liverpool, Liverpool, United 
Kingdom (2) Molecular and Clinical Pharmacology, University of Liverpool, 
Liverpool, United Kingdom 

The first human clinical trials of orally dosed nanomedicines for HIV have 
been achieved following progression from small laboratory scale screening to 
industrial scale cGMP production of the antiretroviral drugs Efavirenz (EFV) 
and Lopinavir (LPV). The six-year programme initially developed multivariate, 
high throughput techniques to allow for screening of Solid Drug Nanoparticles 
(SDN) by an emulsion-template freeze dry method. The method produces dry 
powder composites which are highly porous, stable and form nano-
dispersions upon simple addition of water, colloidally stabilised by polymer 
and surfactant excipients present during the manufacturing process. 
Optimisation of the approach throughout the first 36 months of the project 
generated >4500 drug/excipient combinations and subsequent 
pharmacological testing of >450 nanodispersions from <4.5 g of drugs. The 
lead SDNs were isolated and the production methodology was altered to 
follow a 12-month spray-drying synthesis process, facilitating establishment of 
scale. Physical characterisation and stability testing was conducted following 
fine tuning of the emulsification method and the spray dryer operation which 
led to controllable porous powder formation, producing colloidal nanoparticle 
dispersions upon addition of water with similar characteristics to those 
produced by freeze drying. Powders were amorphous with no crystallinity 
evident during storage. Following optimisation to achieve industrially viable 
quantities, progression was moved to a cGMP manufacturing setting. The 12-
month cGMP programme generated stability data for filled capsules for oral 
dosage studies as well as HPLC and GC analysis showing 96 - 100% 



recovery with residual solvent below the ICH limits; required data by the 
regulatory agencies prior to human trial approval. The data collected led to the 
successful completion of the Investigational Medicinal Product Dossier 
(IMPD), which was accepted by the Medicines and Healthcare products 
Regulatory Agency (MHRA). Their approval allowed for clinical dosage 
studies with healthy volunteers to be conducted, which commenced in Q4 
2015. Preliminary trial data and In silica modelling studies suggest significant 
dosage reductions to be possible; such dose reductions would generate 
significant global cost savings and greater patient access for HIV drugs. 
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Effective exfoliation of transition metal dichalcogenides in aqueous 
solution 

Tae Woog Kang, scvok11@naver.com, Su-Ji Jeon, Hye-In Kim, Sin Lee, In-
Jun Hwang, Ju-Hee Han, Jong-Ho Kim. Chemical Engineering, Hanyang 
University, Ansan, Korea (the Republic of) 

Monolayered transition metal dichalcogenides (TMDs) were exfoliated by an 
amphiphilic polymer in water under mild ultrasonication. Exfoliated TMDs had 
a thickness of 1.4 nm and a lateral size of 80 nm, indicating that they were 
monolayers. The exfoliated TMDs were stably dispersed in water without 
aggregation for a while. In addition, as-prepared TMDs clearly exhibited A-
excitonic electron transitions in visible range, and emitted very strong and 
stable photoluminescence, indicating that the polymer-assisted exfoliation was 
very effective to produce monolayered TMDs in aqueous solution. 
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Liquid biopsies for cancer detection: The good, the bad, and the costly? 

Stefan H. Bossmann1, sbossman@ksu.edu, Hongwang Wang1, Madumali 
Kalubowilage1, Aruni P. Malalasekera1, Christopher T. Culbertson1, Deryl L. 
Troyer2, Gaohong Zhu3,1. (1) Chemistry, Kansas State University, Manhattan, 
Kansas, United States (2) Anatomy & Physiology, Kansas State University, 
Manhattan, Kansas, United States (3) First Affiliated Hospital, Kunming 
Medical University, Kunming, Yunnan, China 

Liquid Biopsies are on the verge of becoming viable clinical tests for 
diagnosing multiple diseases, such as cancer and metabolic diseases. PCR 
approaches to detect genetic mutations and various RNAs that are 



overexpressed in tumors are currently being commercially developed. In 
contrast, our research focuses on detecting protease and kinase signatures of 
virtually all solid tumors, by means of ultrasensitive Fe/Fe3O4-nanoparticle –
based fluorescence detection, as well as microfluidic approaches. This 
approach will enable the inexpensive ($50 vs. $5,000) and accurate detection 
of solid tumors in stages 1 and 0, as well as cancer recurrence. Considering 
that we have 14.5 million cancer survivors in the United States, the detection 
of cancer recurrence will be of ever increasing importance. The teams at 
Kansas State University have conducted clinical trials with more than 10,000 
patients at Kunming Medical University, in which we were able to determine 
the “protease signatures” of numerous solid tumors. The results from these 
studies, which were conducted in 2015 and 2016, will be reported for the very 
first time. The principal outcome of the clinical trials is that this technology is, 
principally, ready to be employed in clinical diagnosis. 

COLL 148 

Biodegradable magnetic vesicles of iron oxide nanoparticles for 
imaging-guided drug delivery 

Kuikun Yang2, kuikun@umd.edu, Zhihong Nie1. (1) Chemistry and 
BIochemistry, University of Maryland, College Park, Maryland, United States 
(2) Chemistry, University of Maryland, College Park, Lanham, Maryland, 
United States 

Here we describes the design of doxorubicin (Dox)-loaded magnetovesicles 
(MVs) of densely-packed superparamagnetic iron oxide nanoparticles 
(SPIONs) for tumor-targeted imaging and delivery. The MVs composed of 
SPIONs were produced by self-assembly of SPIONs grafted with 
biodegradable amphiphilic block copolymers (BCPs). Due to the extremely 
high packing density of SPIONs within vesicular membranes, MVs can be 
used as both MRI contrast agents and delivery vehicles of antitumor agents. 
Dox would be slowly released with the detachment and degradation of 
biodegradable BCPs while the release could be significantly accelerated due 
to the magneto-hyperthermia triggered by an alternating magnetic field. 
Therefore the MVs can efficiently deliver their payloads to the tumor tissues 
and release the cargoes in a well controlled manner. 

COLL 149 

Albumin/asparaginase capsules prepared by ultrasound to retain 
ammonia 



Ana Tinoco, catarinamalheiro@ceb.uminho.pt, Artur Cavac-Paulo. University 
of Minho, Guimaraes, Portugal 

Asparaginase reduces the levels of asparagine in blood, which is an essential 
amino acid for the proliferation of lymphoblastic malign cells. Asparaginase 
converts asparagine into aspartic acid and ammonia. The accumulation of 
ammonia in the bloodstream leads to hyperammonemia, one side effect of 
asparaginase therapy. The asparaginase in the interface of BSA capsules 
showed the ability to hydrolyze the asparagine and retain the forming 
ammonia. The incorporation of Poloxamer 407 in the capsule formulation 
increased the fixation of ammonia. This capacity to retain ammonia can be 
due to electrostatic interactions and retention of ammonia at the surface of the 
capsules. The developed BSA/asparaginase capsules did not cause 
significant cytotoxic effect on mouse leukemic macrophage cell line RAW 
264.7. The new BSA/asparaginase capsules could potentially be used in the 
treatment of acute lymphoblastic leukemia preventing hyperammonemia 
associated with asparaginase therapy. 

 

COLL 150 

Topological control of polystyrene-silica core-shell microspheres 



Zane M. Grady1,2, zane.grady@uconn.edu, Alexandria Z. Arthur1,3, Pacita I. 
Tiemsin1, Christopher Wohl1. (1) Advanced Materials and Processing Branch, 
NASA Langley Research Center, Hampton, Virginia, United States (2) 
Materials Science and Engineering, University of Connecticut, Storrs, 
Connecticut, United States (3) Chemical Engineering, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia, United States 

Controllable surface morphology is requisite across a gamut of processes, 
industries, and applications. The surface morphology of silica-coated 
polystyrene microspheres was controllably modified to enable generation of 
smooth or bumpy, raspberry-like surfaces. Silica shells were deposited via the 
sol-gel process (using tetraethyl orthosilicate as the silica precursor) onto 1-2 
micrometer diameter anionic polystyrene spheres, fabricated by emulsifier-
free polymerization. By varying the concentration of the silica precursor and 
ammonium hydroxide base-catalyst, and altering electrostatic surface 
interactions through the addition of a cationic polymeric brush, an array of 
surface topologies were generated. The resulting silica shells ranged from 
100-200 nm in thickness as measured by calcination of the polystyrene 
template. Finally, we also used previously published empirical relations 
between reaction conditions and resulting silica colloid diameter to control the 
shell topology. Smooth and raspberry-like silica shells on polystyrene 
templates have been demonstrated extensively, however, to the authors’ 
knowledge, this is the first instance in which radical changes in surface 
morphology may be obtained from a single polystyrene template coated in 
silica using readily available materials and facile sol-gel reaction processes. 
This work may serve as a guide to generate a versatile platform for research 
in the multitude of applications that utilize polystyrene-silica core-shell 
particles. 

 



COLL 151 

Effect of TiO2/Au(111) surface preparation on oxidation state and the 
water-gas shift reaction 

Jeremy A. Wilke, wilkeja@dukes.jmu.edu, David T. Boyle, Vivian H. Lam, 
Daniel A. Schlosser, Ashleigh Baber. Chemistry and Biochemistry, James 
Madison University, Harrisonburg, Virginia, United States 

The presence of small reducible oxide nanoparticles (CeOx and TiOx) 
supported on Au(111) have shown activity for the water gas shift (WGS) 
reaction (CO + H2O → CO2 + H2). Herein, the water gas shift chemistry is 
investigated over a range of TiO2 coverages with both oxidizing and reducing 



surface preparations to investigate the role of the Ti oxidation state. The 
adsorption of CO and D2O, components of important industrial reactions 
including the WGS reaction, were utilized to investigate the catalytic activity of 
TiO2nanoparticles supported on Au(111). Systematic studies of 
TiO2 nanoparticle coverage were conducted using temperature programmed 
desorption to understand the adsorption and reaction of these molecules over 
the inverse model catalyst. The oxidation state of the oxide nanoparticles was 
controlled to influence the WGS chemistry. Reduced TiOx nanoparticles 
promote the hydrogenation of CO, leading to a major product formation of 
formaldehyde, whereas oxidized nanoparticles predominantly catalyze the 
WGS reaction. 

COLL 152 

Liposome-based silver nanoparticle on mirror construct exhibiting high 
SERS enhancement 

William Lum1, lumwk@mail.uc.edu, Ian Bruzas1, Zohre Gorunmez2, Thomas 
L. Beck1, Laura Sagle1. (1) Chemistry, University of Cincinnati, Cincinnati, 
Ohio, United States (2) Physics and Chemistry, University of Cincinnati, 
Cincinnati, Ohio, United States 

Probing single molecules with Surface-Enhanced Raman Spectroscopy 
(SERS) has traditionally required the formation of nanogap junctions, but often 
results in probe molecules squeezed in between two metallic surfaces which 
often leads to denaturation of biological materials. While the advancement of 
more sensitive SERS substrates continues, we have recently reported a novel 
biocompatible SERS construct using probe encapsulated liposome-based 
nanoparticle on mirror constructs. New results with a similar nanoparticle on 
mirror construct using silver particles instead of gold, show increased SERS 
enhancement and demonstrate the potential for non-perturbative single 
molecule biophysical measurements. This presentation will highlight some 
initial characterization of these novel constructs using correlated single 
particle scattering, SERS and scanning electron microscopy measurements. 
In addition, finite different time domain (FDTD) calculations will be presented 
which yield mechanistic insight into the high SERS enhancements. 

COLL 153 

Earth-abundant nanomaterials for future energy storage 



Nesreen Elathram1, nelathra@uncc.edu, Jordan C. Poler2. (1) Chemistry, 
UNC Charlotte, Charlotte, North Carolina, United States (2) Chemistry, UNC 
Charlotte, Charlotte, North Carolina, United States 

We have studied single walled carbon nanotubes SWCNTs for use as 
potential supercapacitor materials. Central to these applications are studies of 
the dispersion limit of SWCNTs in different solvents, and how various 
dinuclear intermolecular coordination complexes interact with them. These 
complexes have high adsorption onto SWCNTs surfaces and act as a 
“Molecular Spacer” which results in less aggregation. Keeping the 
nanomaterials from aggregating is required to maximize the ion accessible 
specific surface area (SSA). Higher dispersion stability due to the 
complementary interactions of the solvent and of the molecular spacers will be 
discussed. When we enhance the stability of SWCNTs-Molecular spacer 
assembly, we can improve the capacity of the system. Adsorption studies and 
binding kinetics of novel earth-abundant coordination complexes were 
conducted. Molecular spacers intercalated between the tubes which increased 
ion accessible surface area. Different molecular spacers with various charges 
and steric interactions were tested and compared. Dispersion stability and 
aggregation kinetics were conducted to different pristine SWCNTs and with 
different coagulants adsorbed on their surfaces. adsorption isotherm 
measurements were conducted to compare binding strength of different 
spacers to the tubes, and its best fit is modeled using BET theory. Moreover, 
since zinc is an earth abundant metal, these complexes can be used as 
components in sustainable energy storage materials. Zeta potential data, 
capacitance, energy storage, power dissipation, electrochemical impedance 
spectroscopy, and membrane resistance data are consistent with the 
complexes acting as molecular spacers between the SWCNTs in a 
condensed thin film. Altering the surface of nanotubes by functionalizing them 
with these different spacers, could have a great impact on their functionality 
and enable their application as new supercapacitors materials and energy 
storage devices. 

COLL 154 

Mussel-inspired surface modification of fluorescent nanodiamond for 
biomedical applications 

Haksung Jung1, haksung.jung@gmail.com, Kyung-Jin Cho2, Paul Roche2, 
Keir Neuman1. (1) NHLBI, NIH, Bethesda, Maryland, United States (2) NCI, 
NIH, Bethesda, Maryland, United States 



Fluorescent nanodiamonds (FNDs) are promising bio-imaging probes 
compared with other fluorescent nanomaterials such as quantum dots, dye-
doped nanoparticles, and metallic nanoclusters due to their remarkable optical 
properties and excellent biocompatibility. However, they loss dispersibility in 
physiological solutions and functionalization of their surface with biomolecules 
remains challenging. Herein, we describe encapsulation of FNDs into 
polydopamine (PDA) shells, which is inspired by the adhesion mechanism of 
marine mussels. The PDA shells can be further functionalized via versatile 
reactions with molecules presenting thiol or nitrogen derivatives. We 
demonstrate PDA shells modified by thiol terminated polyethylene glycol 
(PEG) molecules which enhance not only stability in biological solutions but 
also biocompatibility of PDA coated FND (FND@PDA). The PEG modified 
FND@PDA nanoparticles were utilized as fluorescent probes for cell imaging 
with immature bone marrow derived dendritic cells while avoiding nonspecific 
membrane adhesion. The robust polydopamine encapsulation strategy that 
we present provides an avenue for the application of FND as multifunctional 
labels, drug delivery vehicles, and targeting agents for biomedical 
applications. 

COLL 155 

Bioinspired transparent graphene-enabled super-hydrophobic surfaces 
with various robust 

Shengjie Zhai, shengjie.zhai@unlv.edu, Hui Zhao. Mechanical Engineering, 
University of Nevada, Las Vegas, Nevada, United States 

Although many plants have leaves with hierarchical structures, resulting in 
super-hydrophobic properties, unlike lotus leaf, their super-hydrophobicity is 
prone to be damaged. Botanists attributed lotus’s superior robustness to the 
high density of papillae with varying heights and the exceptional dense 
continuously layer of wax, which effectively reduce the damage, increasing 
the perfection of the super-hydrophobicity. Consider that the lack of 
robustness is the critical bottleneck of the super-hydrophobic surface for 
practical applications. Faithfully mimicking the lotus leaf particularly its wax 
emerges as a viable solution. Inspired by the robustness of lotus leaf, we 
report an approach, integrating the multilayer graphene with super-
hydrophobic surface. The unique combination of the nanostructure and 
graphene, mimicking the key characteristics of lotus leaf, leads to the 
extraordinary super-hydrophobic robustness under mechanical abrasion, UV 
exposure, corrosion, and many-month-long outdoor exposure under nature 



conditions including the high temperature and high wind with dust, 
outperforming other synthetic surfaces. 

COLL 156 

Perfluoro-fuctionalized flavin and its effect on stability of flavin helices 
around single-walled carbon nanotubes 

Erandika Karunaratne, erandika.karunaratne@uconn.edu, Mehdi 
Mollahoseini, Fotios Papadimitrakopoulos. Polymer Program, Institute of 
Materials Science and Department of Chemistry, University of Connecticut, 
Storrs Mansfield, Connecticut, United States 

The unique structural, optical, electronic, and thermal properties of single-
walled carbon nanotubes (SWNTs) render them promising material for next-



generation nanodevices. One of the greatest challenges with SWNT based 
nanostructured devices is maintaining the nanotubes in their pristine state so 
that their unique optoelectronic characteristics are preserved. Recent studies 
have shown that organization of special surfactants around single-walled 
carbon nanotubes allows individualization of SWNTs that exploit their unique 
properties. These surfactants adapt different organizational patterns from 
random to tubular. Our group has shown that flavin mononucleotide (FMN) 
and its aliphatic (dodecyl) analog FC12 self-organize in a helical pattern that 
forms a tubular assembly around SWNTs. Such helical wrapping originates 
from four sets of H-bonds that “stitch” the neighboring FMN moieties into a 
continuous helical ribbon, and the p-p interaction of the isoalloxazine ring with 
the underlying graphene sidewalls. Understanding of additional intermolecular 
interactions involved in such helical formation may allow us to enhance the 
organization complexity of these assemblies. To understand this controllability 
we investigated an analog of FC12, i.e. perfluoro-flavin, (PFF) where 
hydrogen atoms of the aliphatic chain are replaced with fluorine atoms. Blends 
of FC12 and PFF were shown to effectively individualize SWNTs while 
improving the thermal stability of flavin assemblies. Molecular Mechanics and 
DFT calculations were employed to elucidate the organizational pattern and 
role of nonbonding interactions in stabilizing this helical assembly. 

COLL 157 

Plasmonic nanoparticles as sensors to probe the kinetics of polymer 
brush formation on two-dimensional nanoparticles 

Assad Ullah Khan, asadkhan@vt.edu, Clay Scruggs, David Hicks, Guoliang 
Liu. Department of Chemistry and Macromolecules Innovation Institute, 
Virginia Tech, Blacksburg, Virginia, United States 

Plasmonic nanoparticles are sensitive to surroundings and can detect 
changes in refractive index. Based on our previous finding in plasmonic 
nanoparticle sensitivity, we have synthesized two-dimensional 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. The findings here can provide insight into the 



functionalization of plasmonic nanoparticles for their applications in polymer 
nanocomposites. 

COLL 158 

Synthesis and characterization of hyperbranched CdS1-

xSex nanocrystals 

Mohammad Sadegh Yazdanparast, yazdanparast@ksu.edu, Emily J. 
McLaurin. Department of Chemistry, Kansas State University, Manhattan, 
Kansas, United States 

Synthesis of nanocrystals with new composition and morphologies has 
attracted a lot of attention because of their wide application potentials in 
different devices such as photovoltaic, photoelectrochemical and 
photoelectronic devices. CdS1-xSex nanocrystals with different compositions 
and shapes are synthesized in single pot reaction of dichalcogenides with 
cadmium precursor using microwave assistance. The shape of resulted 
nanocrystals changes from spherical to simple branched and hyperbranched. 
Unlike core-shell nanocrystal that composition is changing hardly at the 
interface of the core and shell layer, here the composition of each nanocrystal 
varies from center to the surface gradually. The effect of reaction temperature 
and ratio of sulfur to selenium on the composition and shape of final 
nanocrystals was studied. 

COLL 159 

Particle and structural characterization of whey protein microgels as 
affected by fabrication pH and heating duration: Promising candidate as 
emulsifier 

Somayeh Zamani1, somayeh.zamani@gmail.com, Ashkan Madadlou2, 
Nicholas Malchione1, Alireza Abbaspourrad1. (1) Cornell University, Ithaca, 
New York, United States (2) University of Tehran, Karaj, Iran (the Islamic 
Republic of) 

4% Whey protein Isolate (WPI) solution was used to produce uniform 
microgels (MGs). The effect of changing pH (5.7-6.0) and heating duration on 
the MG properties was investigated. The obtained MGs were characterized in 
terms of hydrodynamic diameter, ζ-potential, conversion yield and accessible 
thiol content. To further investigate the changes in the secondary structure 
induced by heating, ATR-FTIR was performed on samples with initial pH of 



5.9 as the optimum pH. ANS surface hydrophobicity of these samples was 
also measured. Changing the initial pH from 5.7 to 6.0 lead to formation of 
MGs with z-average diameter between 650-170 nm. SH content increased 
initially, followed by a decrease for samples with initial pH of 5.9 and reached 
a plateau for pH 5.8 and 5.7. For the samples made at pH 5.9, until 30-45 min 
heating, surface hydrophobicity increased and did not change significantly 
afterward. ATR-FTIR results revealed that the intermolecular interactions 
(indicative of aggregation) also increased rapidly until 30-45 min of heating. 
Heating for 60 and 90 min seemed to lead drastic internal secondary 
structures. Finally, emulsification potency of the MGs prepared at pH 5.9 was 
ascertained. A self-clustered structure was observed in the prepared 
emulsions. 

 

COLL 160 

β-Galactosidase Langmuir monolayer at air-subphase interface 

Shiv K. Sharma, sks38@miami.edu. Chemistry, University of Miami, Miami, 
Florida, United States 

This article investigates the surface chemistry properties of the β- 
galactosidase monolayer at the air- subphase interface at the vicinity of its 
substrate, X- gal. We have demonstrated that the β- galactosidase in the 



monolayer form remained active and performed hydrolysis of the X- gal in the 
subphase. We investigated the β- galactosidase Langmuir monolayer in 
absence and presence of X- gal in the subphase of varying concentration of 
X- gal with the sodium chloride solution. It was found that the limiting 
molecular area as well as the collapse surface pressure kept on decreasing 
with the increasing concentration of X- gal. In accordance to the data obtained 
from the isotherm it was also found that β- galactosidase forms a stable 
monolayer that does not aggregate at the air- subphase interface. The stability 
of the monolayer at the air- subphase interface was studied by using 
compression- decompression cycles with and without X- gal at varying 
concentration and different surface pressures. The infrared reflection- 
absorption spectroscopy (IRRAS) and Brewster angle microscopy (BAM) of β- 
galactosidase Langmuir monolayer was also investigated for pure and mixed 
β- galactosidase at the air- subphase. 

COLL 161 

Improvement of photo-efficiency and reliability of light-emitting diode 
fabricated with K2SiF6:Mn4+ phosphor through surface modification 

Inseok Jang, insukz@kopti.re.kr, Juseong Kim, Jae-Pil Kim. Korea Photonics 
Technology Institute, Gwangju, Korea (the Republic of) 

The water resistance and photo-efficiency of water-vulnerable phosphor 
(K2SiF6:Mn4+, KSF) was enhanced without sacrificing the optical properties 
by using dry-type surface modification method. The surface property of 
phosphor was controlled by using the various silanes, which have different 
main carbon chain length (C3, C6 and C16). The waterproof property was 
reinforced as increasing the main carbon chain length. Moreover, the optical 
properties of phosphor was improved because of the increment of light 
absorption and reduction of hydroxyl quenching effect. The high photometric 
flux and reliability of light-emitting diodes could be achieved by using the 
modified KSF phosphor. It is contributed to the improvement of dispersibility of 
phosphor in encapsulant and enhancement of water resistance of phosphor. 

COLL 162 

Stability of limonene in oil-in-water emulsion and microcapsule after 
freezing and thawing 



Takahiro Ishigaki, Yoshiyuki Watanabe, 
wysyk@hiro.kindai.ac.jp. Department of Biotechnology and Chemistry, Faculty 
of Engineering, Kindai University, Higashi-Hiroshima, Hiroshima, Japan 

Limonene has been used as a flavor and fragrance ingredient in food and 
cosmetics but suffers from oxidation, which leads to off-flavor and 
deterioration of products, and the use of limonene is limited owing to its strong 
lipophilicity. An oil-in-water (O/W) emulsion and microcapsule, which is 
prepared using O/W emulsion, are effective ways for the utilization of flavor 
components, but emulsion is a thermodynamically metastable disperse 
system and is not suitable for long-term storage. In addition, freezing and 
thawing processes crucially affect the emulsion stability, though 
cryopreservation generally benefits chemical stability of any unstable 
components. In this study, the effect of freezing and thawing processes on the 
stability of limonene in O/W emulsion and microcapsule was examined. 
Alkanes, whose carbon numbers were 12 to 16, were used as a major 
components in oil phase. Maltodextrin was used as a wall material for 
microcapsule. The prepared emulsions and microcapsule were frozen at -
20°C or -80°C, and then were thawed and stored at 9°C and 50°C, 
respectively. The changes in median diameter of the oil droplets and the 
remaining fraction of limonene in the emulsion and microcapsule during 
storage were measured. The amount of limonene evaporated from the 
emulsion and microcapsule was measured by solid phase microextraction 
method. The droplet size after freezing and thawing processes depended on 
the relationship between the freezing temperatures and the melting point of 
alkane. The branched-chain alkanes, such as isododecane and isocetane, 
enhanced the emulsion stability. Furthermore, the small droplet diameter 
contributed to the slightly high stability of the emulsion for 48 h. The 
destabilization of the emulsion would attribute to the partial and whole 
crystallization of the oil phase during both process. The remaining fractions of 
limonene in the microcapsule were high in the order of dodecane > 
tetradecane > hexadecane, and the amount of limonene evaporated from the 
microcapsule with hexadecane was the largest. Therefore, the effect of alkane 
on the stability of limonene in the microcapsule was found to be different from 
that in the emulsion. The formation of carvone during storage period was 
observed by GC/MS, indicates oxidation of limonene. 

COLL 163 

Diamond shape formation by spontaneous aggregation of silver clusters 
in gels 



Qiang Lin2, qlin@ipe.ac.cn, Yongsheng Han2, Jinbing Li3, Wei Lin1. (1) 
Beijing Research Institute of Chemical Industry Yanshan Branch, SINOPEC, 
Beijing, Beijing, China (2) Chinese Academy of Science, Beijing, China (3) 
Beijing Research Institute of Chemical Industry Yanshan Branch, SINOPEC, 
Beijing, China 

Particles aggregations in liquid are of great interest because the random 
collisions of particles are sometimes accompanied with directional assembly, 
leading to the formation of highly ordered structures. In this work, we find a 
easy method to synthesize diamond-shaped silver nano particles in gels 
solution. The time dependent structure characterization indicates that these 
diamond shape particles were assembled by the spontaneous aggregation of 
tiny primary Ag clusters. Since the diffusion of Ag clusters are limited in 
viscous gels solution, Each cluster approaching to the aggregates has more 
sufficient time and space to optimize its location. The minimization of surface 
free energy leads to a selective binding of two approaching nuclei. The high 
energy facets of each nuclei have priority to be the receiving surface for 
aggregation, while the low energy facets are largely exposed in the 
aggregation, which led to a oriented self-assembling of Ag clusters. The 
findings in this paper indicate that the diffusion of building blocks plays an 
important role in the shape development of materials. 
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Functionalized graphene oxide for selective sensing of SKBR3 CTC cells 

Anant K. Singh, asingh@alcorn.edu. Chemistry and Physics, Alcorn State 
University, Caliborn, Mississippi, United States 

Breast cancer is the most common cancer among women, and it is the 
second leading cause of cancer deaths in women today. The key to the 
effective and ultimately successful treatment of diseases such as cancer is 
early and accurate diagnosis. Driven by the need, in this work, we report for 
the first time a simple label free highly sensitive assay for highly selective and 
sensitive detection of breast cancer SK-BR-3 cell lines at a 100 cells/mL level 
using a multifunctional (monoclonal anti-HER2/c-erb-2 antibody and S6 RNA 
aptamer-conjugated) nano sized graphene oxide based nanoconjugate probe. 
When multifunctional graphene oxide nanoparticles are mixed with the breast 
cancer SK-BR-3 cell line, a distinctive change in G and D Raman band of the 
graphene oxide observed. Multiple bio-labeling technique was used for the 
selective and sensitive sensing of SK-BR3 circulating tumor cells. 
Experimental data with the HaCaT noncancerous cell line, as well as with 
MDA-MB-231 breast cancer cell line, clearly demonstrated that our assay was 
highly sensitive to SK-BR-3 and it was able to distinguish from other breast 
cancer cell lines that express low levels of HER2. Experimental data with a 
novel SERS substrate show excellent reproducibility of the SERS signal. The 
mechanism of selectivity and the assay’s response change will be discussed. 
Our experimental results reported here open up a new possibility of rapid, 
easy, and reliable diagnosis of cancer cell lines by monitoring the intensity of 
graphene oxide signature D and G band. The possible mechanism for very 
high sensitivity will be discussed. 

  



COLL 165 

Azobenzene-based periodic mesoporous organosilica nanoparticle, dual 
azoreductase triggered and degradable platform for drug delivery 

Haneen W. Omar2, haneen.omar.2@kaust.edu.sa, Basem Moosa2, Kholod 
Alamoudi2, Niveen M. Khashab1. (1) KAUST, Thuwal, Saudi Arabia (2) 
Chemical Science, King Abdullah University of Science and Technology 
(KAUST), Thuwal, Saudi Arabia 

Designing a smart nanocarrier that releases its cargo and then degrades in 
the biological media in the presence of stimuli is still challenging. Herein, we 
report for the first time a novel azobenzene-based periodic mesoporous 
organosilica (AZO-PMO) nanoparticles that are delivering and biodegrading in 
the presence of azoreductase enzyme or under hypoxic conditions. 
Azobenzene-based periodic mesoporous organosilica nanoparticles were 
synthesized with different ratios of azobenzene precursor (3, 15 and 45 %). 
The nanoparticles were characterized by using different spectroscopic and 
electron microscopic techniques. These mesoporous nanoparticles exhibit a 
narrow particle size distribution (around 200 nm) with high efficiency to 
cleavage the azo bond and deliver the cargo. 

 
 
 



COLL 166 

Core-shell microparticles for the enrichment and discovery of cationic 
antimicrobial peptides (CAMPs) 

Yaling Zhu2, yzhu12@gmu.edu, Beatrix Ueberheide3, Barney Bishop1. (1) 
Chemistry and Biochemistry, George Mason University, Annandale, Virginia, 
United States (2) Chemistry and biochemistry, George Mason University, 
Manassas, Virginia, United States (3) NYU, New York, New York, United 
States 

New core-shell polymeric microparticles were developed for the harvest and 
identification of low-abundance CAMPs, which have attracted interest in the 
quest for new antibiotics to counter the growing challenge of bacterial 
antibiotic resistance. Previously, we employed poly(N-isopropylacryalmide) 
(PNIPAm) based hydrogel particles in the discovery of novel CAMPs from 
American alligator and Komodo dragon plasma. Here, we have developed 
enhanced core-shell hydrogel particles for the rapid, reproducible and 
effective capture and recovery of intact CAMPs and CAMP-like peptides from 
biofluids. These new particles were synthesized via reversible addition-
fragmentation chain transfer (RAFT) polymerization, allowing greater control 
over particle composition, architecture, and functionality. An inert core was 
initially synthesized with peripheral chain transfer agents, ensuring the 
addition of a harvesting shell combining both hydrophobic and anionic 
elements to match the physicochemical properties of CAMPs, which tend to 
exhibit cationic and hydrophobic characteristics. Particle performances were 
evaluated by conducting harvests from alligator serum/plasma spiked with low 
concentration of well-characterized CAMPs, followed by analysis of the 
captured peptides using high-accuracy/high-resolution tandem mass 
spectrometry. The resulting data was subsequently examined using 
commercial software and custom-developed scripts in order to determine the 
sequences and physical properties of the capture peptides. The new core-
shell microparticles were found to effectively capture the CAMP spikes. More 
importantly, these new particles out-performed conventional PNIPAm-based 
particles in preferentially capturing short cationic peptides from biospecimens. 
They effectively excluded most of the neutral and negative peptide species, 
which were observed in harvests performed using conventional particles. 
Furthermore, the new microparticles exhibited greater preference for enriching 
highly cationic peptide populations, which are more likely to be CAMPs. These 
findings suggest that the new core-shell hydrogel microparticles are promising 
tools for CAMP discovery applications. 
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Sorption of carbamazepine to humic substances determined through 
fluorescence quenching 

Daniel Cairnie, dcairnie@masonlive.gmu.edu, Carol Ajjan, 
cajjan@masonlive.gmu.edu, Gregory D. Foster. Chemistry Biochemistry, 
MSN 3E2, George Mason University, Fairfax, Virginia, United States 

Humic substances (HS) represent 50-80% of the natural organic matter 
present in surface waters. HS play a vital role in the fate and transport of trace 
organic micropollutants in the aquatic environment. Measuring the sorption of 
micropollutants in HS is challenging because HS typically exist in water as a 
dispersed colloidal phase, which makes HS difficult to isolate from water. 
Determining the sorption constant (Kd) of a model micropollutant was 
performed, without the need to separate sorbate from sorbent, through static 
fluorescence quenching of the HS fluorophore. Carbamazepine was used as 
the sorbate at concentrations of 1-40 ppm with HS material (ranging from 10 - 
100 ppm) derived from several sources. Fluorescence quenching of HS in the 



presence of carbamazepine was evaluated by using synchronous-scan (Fig. 
1) and 3D fluorescence approaches in conjunction with Stern-Volmer and 
Ryan-Weber models to derive sorption constants. Non-linear regression was 
used to fit the quenching models to experimental data. The log Kdvalues 
ranged from 2.5 to 4.7 depending on the fluorescence peak used in 
quenching, the model fitted, and the source of the HS. Overall, larger 
Kd values were found in humic acids relative to fulvic acids. Fluorescence 
quenching can be used to determine the sorption constants in aquatic-derived 
colloidal organic matter. 

 
 
Fig. 1. Synchronous scan fluorescence spectra (Δλ = 60 nm) of fulvic acid in the 
presence of carbamazepine, 0-40 ppm. 
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Research of superhydrophobic surface fabricated by interfacial 
polymerization 

Xiaoming Xiao, xmxiao@tju.edu.cn, Huawei Yang, Xiaowei Tantai, Na Yang, 
Luhong Zhang. Tianjin University, Tianjin, China 



Superhydrophobic surface is a kind of surface with special wettability which 
has strong rejection to water, the water contact angle can be up to 150o. 
Materials with a superhydrophobic surface have a broad range of application 
both in daily life and scientific research, such as oil-water separation and self-
cleaning. In this paper, interfacial polymerization was introduced as a new 
strategy to fabricate superhydrophobic polyurethane (PU) sponge, 
superhydrophobic cotton fabric and superhydrophobic stainless . A detailed 
research was introduced to investigate their structure, composition and 
application, main content as follows: 
Superhydrophobic PU sponge was prepared by interfacial polymerization with 
the polyethyleneimine (PEI) as the aqueous monomers and trimesoyl chloride 
(TMC) as the oil monomers. The result indicated that the as-prepared 
superhydrophobic PU sponge had a micro/nano rough surface as well as an 
excellent superhydrophobicity with a water contact angle up to 161o. Benefit 
by the superhydrophobicity and super lipophilicity, the as-prepared PU sponge 
can rapidly and selectively absorb oil up to 16.5-29.9 times of its own weight 
from water., the superhydrophobic sponges could be reused for oil/water 
separation over 500 cycles without losing its superhydrophobicity. 
Superhydrophobic cotton fabric was also prepared by interfacial 
polymerization with the triethylenetetramine (TETA) as the aqueous 
monomers and trimesoyl chloride (TMC) as the oil monomers. Its structure, 
hydrophobictiy and composition was fully investigated, as well as its 
application in self-cleanning and oil-water separation, the result indicated the 
as-prepared superhydrophobic cotton fabric also had a micro/nano rough 
surface and an excellent superhydrophobicity with a water contact angle of 
153o and a rolling angle of 5o. 
The as-prepared mesh exhibits excellent superhydrophobicity with a water 
contact angle of 159°. Moreover, with a low sliding angle of 4°. As for 
application evaluation, the as-prepared mesh can be used for large-scale 
separation of oil/water mixtures with a relatively high separation efficiency 
after 30 times reuse (99.88% for n-octane/water mixture) and a high intrusion 
pressure (3.58 kPa). More importantly, the mesh exhibited excellent stability in 
the case of vibration situation, long-term storage as well as saline corrosion 
conditions, and the compatible pH range was determined to be 1-13. 
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Towards an understanding of azobenzene intramolecular isomerization 
reaction kinetics at ZrO2 nanoparticle thin film interfaces 

Darren C. Achey, achey@kutztown.edu, Craig Pointer. Physical Sciences, 
Kutztown University, Alburtis, Pennsylvania, United States 



Molecular reaction kinetics at nanomaterial-liquid interfaces are of great 
interest at both a fundamental level and in applications such as solar fuel 
devices. Systematic studies that provide the basis for how such reactions are 
altered, enhanced, or hindered at interfaces can be achieved by ensemble 
averaging within nanoparticle thin films. In this study, azobenzene derivatives 
are anchored to ZrO2 nanoparticle thin films and the thermal, intramolecular 
isomerization from cis to trans isomer is monitored via UV-Vis spectroscopy. 
Results are compared to the same molecule in fluid solution and efforts have 
been made to mimic the chemical changes to the azobenzene derivative as a 
carboxylic acid undergoes an acyl substitution reaction upon surface 
attachment by deprotonating the carboxylic acid in fluid solution. In this way, 
differences in reaction kinetics that are solely a result of surface attachment 
can be isolated from other chemical factors within the molecule. Preliminary 
results indicate that deprotonation of the azobenzene derivative in fluid 
solution leads to smaller rate constants compared to the protonated form. 
Furthermore, attachment to the nanoparticle thin film increases the rate of the 
reaction, indicating that the interfacially anchored azobenzene experiences 
reaction dynamic modifications that can be separated from chemical changes 
that occur due to surface attachment. 

 



Scheme showing azobenzene derivatives chemically anchored to a ZrO2 nanoparticle 
thin film. Steric hindrance as a result of azobenzene/azobenzene and 
azobenzene/nanoparticle interactions are shown to alter the cis to trans intramolecular 
isomerization reaction of the azobenzenes at the interface. 
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Preparation of adlay oil based nanoemulsion gel as novel delivery 
system for topical application 

Hu Yin Ting, a0955539556@gmail.com, Yu Wen Ting. Institute of Food 
Science and technology, National Taiwan University, Taipei, Taiwan 

Topical delivery is the best route for administrating active ingredient to skin 
treating various skin diseases. Many types of formulation including ointment, 
cream, lotion and gel are available in the market have one or more 
disadvantages, such as uncomfortable oily texture, low stability, and inability 
to encapsulate hydrophobic drugs. To solve these problems, emulsion gel 
which possesses the property of both emulsions and gel had be developed. 
According to the previous studies, the smaller particle sizes in emulsions will 
allow higher skin permeation rate of active compound into the epidermal 
layer.. Thus, in this work, a new topical formulation is developed as 
nanoemulsion based gel system aiming to enhance the skin permeability 
while overcoming the disadvantages of other topical formulation. To find the 
optimum formulation composed of adlay oil, a potent whitening agent, 
samples composed of various ratio of Tween 80, DI water, and 
Pluronic® F127 were produce and summarized into pseudo-ternary phase 
diagrams. To identified the optimum emulsion gel formulation, dynamic laser 
scattering, accelerated stability test, and rheometer measuring rheology were 
used to study the physical properties of emulsion gel formulation. According to 
the results, emulsion containing 60% water and 7:3 ratio of adlay oil to Tween 
80 (20% w/w) has the smallest particle size (70 nm) after being homogenized 
by high pressure homogenization for 2 cycles at 1000 bar pressure. Next, the 
gelled-emulsion system formed by using Pluronic® F127 and nanoemulsion 
with particle size smaller than 100 nm remained stable when subject to five of 
temperature cycling testing. Using in vitro guinea pig skins permeation 
experiments, nanoemulsion gel was found to significantly enhance the skin 
penetration rate of active components compared to emulsion, emulsion gel 
and nanoemulsion. The results from this study indicated that nanoemulsion 
gel system, could enhance skin permeability of active compound due to its 
smaller particle size, thixotropic property, and mucoadhesive property, which 



could strengthen the healing efficacy such as skin whitening and many more 
skin related illness. 
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Wettabilities of different faces of the same crystal 

Yajun Deng, yajuncumt@163.com, Xin Huang, Hailong Lu. Peking University, 
Beijing, China 

Except for cubic system, most of the crystals have faces with different atomic 
arrangements, and accordingly these faces might have different surface 
wettability. However, less attention has been paid to the crystal face related 
wetting behavior. In the present work, with the contact angle goniometer and 
atomic force microscopy (AFM) the wettabilities of different crystal faces were 
studied by measuring the contact angles between several solid-liquid pairs at 
both macroscopic and microscopic scale. The solid substrates investigated 
include (001), (100) and (110) faces of a-sapphire and a-quartz, and the 
liquids are water, glycerol, and phosphoric acid (85 wt%). The results obtained 
show that the solid-liquid contact angles, which were measured by optical 
goniometer and AFM, are nearly identical, indicating that both methods are 
reliable, although optical goniometer measured the contact angle at 
macroscale and AFM yielded results at nanoscale. For both sapphire and 
quartz, the contact angles becomes greater on the crystal faces in the order of 
(001), (110) and (100), although the differences in contact angle between 
different faces of sapphire are less than those of quartz. Moreover, among the 
three liquids tested, the contact angles of phosphoric acid on different faces 
changes the most. 
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Surface modification for DNA studies 

Joseph R. Pyle, jpyle257@gmail.com, Jixin Chen. Chemistry and 
Biochemistry, Ohio University, Athens, Ohio, United States 

Single molecule protein and oligonucleotide studies of their interactions with 
DNA can offer new advances in applications such as genome mapping, DNA 
replication, DNA-protein binding, or DNA sensing. For fluorescent studies it is 
desirable to create a surface to limit adsorption of the ligand to prevent false 
positives. The goal of this study is to create a surface capable of both 
stretching and immobilizing the DNA while also limiting the adsorption of 



oligonucleotides to the surface for optical mapping applications, however the 
surface could still be used for other fluorescent DNA-ligand experiments. The 
method involves first stretching the DNA by molecular combing onto a PMMA 
surface and then coat the surface with BSA to passivate the surface. The 
resulting surface shows less adsorption for fluorescently labeled 
oligonucleotides. It was also shown that the addition of BSA does not cover or 
block DNA from ligand interactions by the using the restriction enzyme BamHI 
to digest the model λDNA. 
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Modularly designable vesicle for sequentially multiple loading 

Yiyang Zhang, 385191038@qq.com. Department of Chemistry, Tsinghua 
University, Beijing, China 

Assembled vesicles were the one of the most intriguing platform for drug 
delivery systems. With the help of such vesicles, enhanced permeability and 
retention effect and reducing side effect of drugs can be achieved due to its 
unique conformation. Over the past few decades, a variety of efforts have 
been made to push forward applications of vesicles, e.g. vesicles are 
introduced with stimuli-responsiveness unit, which could change its 
conformation by specific stimuli, to achieve controlled release; the surface of 
vesicles are engineered such as PEGlation or crosslinking to elongate 
circulation time and increase the stability; targeting molecules are used and 
modified on vesicles to accumulate vesicles to specific site and induce 
accurate delivery, size and shape of nanoparticles are synthesized to study 
and modulate cell uptake process etc. Recently, people found that multidrug 
delivery showed synergy effect in cancer therapy, the observed efficiency is 
greater than the sum of the efficiencies of the individual drugs, which may 
further expand opportunities of drug delivery applications. Among them, 
several types of drugs are studied and show success, however, further 
studies are hindered due to the specific carrier or method. Thus, a general 
platform is still desirable which can achieve a variety of functions modularly 
while co-load hydrophilic/hydrophobic small molecules, oligonucleotides and 
peptides in a sequential and controllable manner. In 2014, the ‘frame guided 
assembly’ (FGA) strategy had been reported that may fulfill requirement 
mentioned above through assembly process and DNA nanotechnology. 
Herein, based on the principle of FGA, we report a vesicle which can 
sequentially load multiple cargos and also achieve specific functions through 
modular design. We demonstrate this vesicle would be an outstanding 
platform for drug delivery in the future. 
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Economical way to construct mesoporous liquids: Hydrolysing liquid 
medium on the surface of hollow structure 

Peipei Li, lpnwpu@hotmail.com, Jinshui Zhang, Shannon M. Mahurin, Sheng 
Dai. Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, United States 

Porous liquids are ‘real’ and had been demonstrated that they have clear 
potential for long-term applications in chemical processes. However, the 
complex synthesis and purification steps, and high cost are still the current 
drawbacks of porous liquids. Here we introduce an economical way to 
construct porous liquids through the simple hydrolysis of liquid medium on the 
surface of hollow structure. Much stronger chemical/mechanical interactions 
between hollow structure and liquid medium were produced to stabilize this 
porous liquid system. In addition, it had been demonstrated that hollow 
structure can be preserved in this magic liquid system without self-filling 
phenonmenon after the crucial step of enlarging the molecular size of liquid 
medium. This specific advantage along with the unique chemical structures 
(e.g. ether and secondary amine groups) make this magic liquid shows a 
promising potential for the application in carbon capture. Most importantly, this 



synthesis strategy proved to be versatile, offering an easy and scalable route 
to the generation of those magic mesoporous liquids for practical applications. 
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Regulation of α-thrombin enzymatic activity through interactions with 
gold nanoparticles 

André L. Lira, Ricardo J. Torquato, Maria L. Oliva, Aparecida S. 
Tanaka, Alioscka A. Sousa, alioscka.bioq@gmail.com. Biochemistry, 
Federal University of São Paulo, Sao Paulo, SP, Brazil 

Nanoparticles (NPs) can be designed to interact controllably with proteins and 
regulate protein function. Owing to their small size (comparable to proteins), 
colloidal stability and protein-like surface chemistries, ultrasmall gold 
nanoparticles (AuNPs) can provide attractive possibilities in the creation of 
novel synthetic protein receptors. Herein we investigate the molecular 
interactions of α-thrombin with ultrasmall AuNPs, and verify the impact of 
these interactions on α-thrombin’s enzymatic activity. AuNPs had a core 
diameter of 2 nm and were passivated with negatively charged 4-
mercaptobenzoic acid ligands. All experiments were carried out in Tris buffer 
supplemented with 100 mM NaCl. Fluorescence titration quenching revealed 
the AuNPs interacted with α-thrombin. Moreover, through the use of 
competing exosite-binding ligands, the major sites of NP binding on α-
thrombin were found to be exosites I and II. Thrombin activity in the presence 
of NPs decreased by only ~ half, despite saturating concentrations of NPs. 
Taken together, these results support electrostatic-based interactions 
between the negatively charged NPs and the positively charged exosites. 
Most strikingly, the AuNPs were able to allosteric regulate – without fully 
inhibiting – thrombin activity. The partial inhibition observed is likely the result 
of subtle NP-induced conformational changes propagated from α-thrombin’s 
exosites towards its active site, which, presumably, only partly disturb α-
thrombin’s catalytic efficiency. In conclusion, ultrasmall AuNPs were shown to 
bind selectively to α-thrombin’s exosites, and to perform as synthetic 
receptors for modulating enzyme activity. 
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Toward novel nanomaterials for 19F magnetic resonance imaging (MRI) 
contrast agents 



Jeremy L. Steinbacher, steinbaj@canisius.edu, Anthony J. Berardi, 
Samantha T. Caico, Lauryn E. Rudin. Chemistry and Biochemistry, Canisius 
College, Buffalo, New York, United States 

Targeted drug-delivery using multifunctional nanomaterials has become a 
major research focus as a means to overcome the limitations of low 
therapeutic efficacy and toxicity after systemic administration of 
chemotherapeutic drugs for treating cancer. The most advanced materials 
also incorporate an imaging contrast agent to enable simultaneous therapy 
and imaging of diseased tissues. There is currently no drug-delivery agent 
incorporating a fluorine magnetic resonance imaging (MRI) contrast agent that 
provides all of the characteristics of a multifunctional drug-delivery agent – 
choice of therapeutic payload, molecular targeting, biocompatibility, and 
imaging agent. Unless such a material is developed to fulfill this unmet need, 
fluorine MRI will remain underutilized as a cutting-edge means of detecting 
and treating human diseases such as cancer. 
 
Here, we present work toward synthesizing new nanomaterials for use as 
multifunctional 19F MRI contrast agents. We have synthesized a variety of 
fluorine-containing organic electrophiles for conjugation to nanomaterials that 
posses complementary nucleophiles. Many of the electrophiles contain 
hydrophilic groups to maximize solvation in aqueous environments relevant to 
biomedical imaging. To date, most of our work has centered on conjugating 
these fluorinated electrophiles to porous silica nanoparticles, a well-
characterized platform for multifunctional drug-delivery agents. Our studies to-
date show that functionalization of silica nanoparticles with fluorine is possible, 
and that these materials can generate useable signal in 19F NMR under 
aqueous environments. Nonetheless, our system requires optimization to 
prevent hydrolysis of the organic linkers. In addition, we have begun work 
toward synthesizing fluorinated amphiphiles based on β-cyclodextrin, an 
inexpensive, safe, and natural nanomaterial. 

 



 
 
A graphical summary of the fluorine-containing nanomaterials designed for use as 
multifunctional drug-delivery and 19F MRI contrast agents (top). Library of 
fluorinated electrophiles for functionalization of nanomaterials containing appropriate 
nuclueophilic handles (bottom). 
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Modification of inorganic oxide surfaces via vapor-solid ring-opening 
polymerizations of cyclic siloxanes 

Kaleigh M. Ryan, kr01681n@pace.edu, Joseph W. Krumpfer. Chemistry and 
Physical Sciences, Pace University, Pleasantville, New York, United States 

The ability to control the surface chemistry of inorganic surfaces has a 
profound impact on a number of applications, including lubrication, anti-
fouling, and anti-corrosion. While often overlooked as potential modifying 
agents given their lack of traditional functional groups, siloxanes have recently 
been shown to readily react with and covalently attach to inorganic oxide 
surfaces. Herein, we examine the reactions of cyclic siloxane vapor with solid 
interfaces via a ring-opening polymerization initiated by inherent acid/base 
characteristics of several smooth inorganic oxide surfaces. Surfaces are 
characterized by ellipsometry, dynamic contact angle analysis and x-ray 



photoelectron spectroscopy (XPS). This technique requires no additional 
solvents and very little reactant to produce nanometer-thick hydrophobic 
surfaces that exhibit low contact angle hysteresis. Additional studies with 
particulate surfaces suggest that this method prepares conformal coatings, 
regardless of surface architecture. 
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Engineering Ru nanoframes with fcc crystal structure and enhanced 
catalytic activities 

Haihang Ye, haihangy@mtu.edu, Xiaohu Xia. Chemistry, Michigan 
Technological University, Houghton, Michigan, United States 

Nanoframes made of noble-metal have received great interests in recent 
years owing to their superior performance in plasmonic, catalysis, and 
biomedicine. In this study, for the first time, we successfully synthesized Ru 
nanoframes using a two-step method. In the first step, Ru atoms were 
directed to selectively grow on the corners and edges of Pd truncated 
octahedra as the seeds, resulting in the formation of Pd-Ru core-frame 
octahedra. The key to the site-selective growth was careful manipulation of 
the reaction kinetics. In the second step, Ru nanoframes were produced from 
the Pd-Ru core-frame octahedra by removing the Pd cores through chemical 
etching. Importantly, the Ru nanoframes exhibited an fcc structure, replicating 
the crystal structure of initial Pd seeds. The fcc Ru nanoframes showed 
enhanced catalytic activities toward the reduction of p-nitrophenol and the 
dehydrogenation of ammonia borane compared to Ru nanowires with an hcp 
structure and roughly the same thickness. 
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Detecting single-nucleotide polymorphisms in DNA with ultrathin film 
field-effect transistors 

Kevin M. Cheung1,2, kevincheung@ucla.edu, John M. Abendroth1,2, Nako 
Nakatsuka1,2, Bowen Zhu3,2, Yang Yang3,2, Anne M. Andrews4,1, 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) Materials Science and Engineering, University of California, Los 
Angeles, Los Angeles, California, United States (4) Psychiatry and 
Biobehavioral Health and Semel Institute for Neuroscience and Human 
Behavior, University of California, Los Angeles, Los Angeles, California, 
United States 

Detecting single-nucleotide polymorphisms (SNPs) in oligonucleotides, related 
to a variety of diseases, for point-of-care applications necessitates the 
development of label-free electronic biosensors that can be easily translated 
into clinical settings. We have designed and fabricated functional biosensors 
using ultrathin film indium oxide field-effect transistors (FETs) that can 
differentiate target oligonucleotide strands with high sensitivity and selectivity. 
The semiconducting channels of the FETs are chemically functionalized with 
single-stranded DNA probes to test their selectivity towards complementary 



target sequences versus target strands that contain SNPs. Hybridization of 
negatively charged DNA significantly depletes semiconducting channels 
resulting in significant changes in current response. Modulation of channel 
conductance enables sensing DNA hybridization with detection limits of 
femtomolar concentrations. By taking advantage of the relative differences in 
stability of different base pair mismatches, we are investigating the ability of 
DNA-functionalized FETs to distinguish hybridization between fully 
complementary DNA sequences, and analogous sequences with different 
types and numbers of SNPs. We are advancing our system to detect SNPs, in 
both DNA and RNA sequences, under physiologically relevant conditions, and 
will continue to probe the limits of detection of the DNA-functionalized FETs. 
The development and implementation of biosensors that can sense and 
differentiate oligonucleotide sequences with SNPs at minute concentrations 
presents new opportunities in the fields of disease diagnostics and precision 
medicine. 
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Development of modified polyol process for synthesis of tetrahedrite 

Grace Kunkel1, grace.kunkel@hope.edu, Andrew Ochs1, Daniel Weller2, 
Daniel Stevens1, Cameron Holder1, Donald Morelli2, Mary E. Anderson1. (1) 
Chemistry, Hope College, Holland, Michigan, United States (2) Materials 
Science and Engineering, Michigan State University, East Lansing, Michigan, 
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Utilizing thermoelectric materials to convert waste heat into electricity is a 
potential avenue toward alleviating the current energy crisis. Reducing 
fabrication time, energy, and cost of thermoelectric materials as well as 
improving conversion efficiency are necessary for this potential to be realized. 
While most thermoelectric materials contain rare metals, tetrahedrite is a class 
of minerals composed primarily of earth-abundant elements with chemical 
stoichiometries ranging from Cu12Sb4S13 to Cu14Sb4S13 and with naturally 
occurring tetrahedrite containing a range of dopants on Cu (i.e. Zn, Fe) and 
Sb (i.e. Te, Bi) sites. It is known to have a low thermal conductivity, attributed 
in part to its complex unit cell, and to have an increased Seebeck coefficient 
and electrical conductivity upon incorporation of dopants. Tetrahedrite has 
been produced by conventional solid-state methods, typically requiring weeks 
at elevated temperatures (>600° C). We have developed a bottom-up, 
solution-phase synthesis to produce nanostructured and phase-pure 
tetrahedrite materials. This surfactant-free, modified polyol process has high 
yields and requires only an hour of heating at 220° C. Nanoparticles (50-200 



nm) were characterized by powder x-ray diffractometry (XRD), scanning 
electron microscopy (SEM), and energy dispersive x-ray spectroscopy (EDS). 
Thermoelectric measurements were collected from a single synthetic reaction 
as the process has been scaled up to produce over 2 grams of material. 
Nanopowder samples were pressed into pellets for thermoelectric 
characterization using spark plasma sintering. Nanostructure, crystal 
structure, and composition were maintained as confirmed by SEM, EDS, and 
XRD. Thermopower, electrical resistivity and thermal conductivity 
measurements are obtained to determine the maximum figure of merit (ZT) 
values, which describe energy conversion efficiency. Our solution-phase 
synthesis has been shown to successfully incorporate dopants on the copper-
site (i.e. Zn) and we are continuing to investigate additional dopants on the 
copper and other sites. This presentation will focus on the optimization and 
development of our energy-efficient synthetic route for fabrication of 
tetrahedrite-based nanomaterials with improved figure of merit (ZT) values 
relative to compounds fabricated by conventional solid-state methods. 
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Plasmon-enhanced spectroscopy with shell-isolated mode 

Jian-Feng Li, Li@xmu.edu.cn. Department of Chemistry, Xiamen University, 
Xiamen, China 

Surface-enhanced Raman spectroscopy (SERS) is a powerful technique that 
yields fingerprint vibrational information with ultra-high sensitivity even down 
to single-molecule level. However, only roughened Ag, Au and Cu surfaces 
can generate strong SERS effect. The lack of materials and morphology 
generality has severely limited the breadth of SERS practical analysis on 
surface science, electrochemistry and catalysis. 
Shell-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS) was 
therefore invented to break the long-standing limitation of SERS. In SHINERS, 
the Au/Ag core acts as plasmonic antenna can provide high electromagnetic 
field to enhance the Raman signals of probed molecules/analytes. the ultra-
thin, uniform and pinhole-free silica shell acts as tunneling barrier and 
separates the Au/Ag cores from the system under study, and ensures no 
interference from the SERS-active cores. 
Shell-isolated nanoparticles (SHINs) can be spread as “smart dusts” over 
surfaces with diverse compositions and morphologies, and it has already been 
applied to a number of challenging systems, such as in-situ monitoring of 
intermediates duing the surface electro-oxidation at Au(hkl) electrodes, and 
oxygen reduction reaction at Pt(hkl) surfaces, which can’t be realized by 



traditional SERS. SHINERS method has also been used to probe structure 
and processes on materials of different composition and morphology, from 
metal single-crystals to semiconductors and from food samples to living cells. 
The concept of shell-isolated nanoparticle-enhancement is being applied to 
other spectroscopies such as IR and SFG. For instance, the shell-isolated 
mode was applied to fluorescence spectroscopy with a thousand time 
enhancement on fluorescent signals. 

COLL 182 

Effect of extreme cold treatment on morphology and behavior of 
hydrogel microparticles 

Elizabeth Hirst, hirst17@gmail.com, Erin Anderson, Paola D'Angelo. US 
Army Natick Soldier Research, Development, and Engineering Center, 
Framingham, Massachusetts, United States 

Micro- and nanoparticle forms of hydrogels have been extensively studied for 
their many potential applications. Stimuli responsive gels in particular have 
sparked great interest in biomedical and drug delivery fields due to the ability 
to tune their response to biologically relevant conditions. Given these working 
conditions, most work has focused on behaviors at room or elevated 
temperatures. Relatively little study has been done on the effect of extreme 
cold temperature on microgel particles. As the range of applications for 
microgels expands, the stability of microgel systems in extreme environments 
will be of interest. To that end, this work examines the effect of repeated cold 
treatment on the morphology and response of three microgel systems. 
Polyethylene glycol (PEG) and poyl(N-isopropylacrylamide) microgels are 
evaluated as two model systems with differing lower critical solution 
temperatures (LCST). In addition, poly(acrylamide-acrylic acid) microgels are 
studied as a system with upper critical solution temperature (UCST) 
responsiveness. 
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Site-selective deposition of Pt atoms on Ag nanocubes for the 
generation of bifunctional Ag-Pt core-frame nanocrystals 

Yun Zhang, yun.zhang@mse.gatech.edu, Xiaojun Sun, Dong Qin. Materials 
Science and Engineering, Georgia Institute of Technology, Atlanta, Georgia, 
United States 



Here we report the selective deposition of Pt atoms on the edges of Ag 
nanocubes to generate Ag-Pt core-frame nanocubes with integrated SERS 
and catalytic activities. In the standard protocol, we disperse the Ag 
nanocubes in an aqueous solution containing ascorbic acid (AA) and poly 
(vinylpyrrolidone) (PVP), followed by the titration of H2PtCl6 solution. At early 
stage, the Pt atoms derived from the reduction of H2PtCl6 are selectively 
deposited on the {110} facets of a Ag nanocube with the highest surface free 
energy. As the titration volume of Pt precursor is increased, more Pt atoms 
are deposited on the edges of Ag nanocubes and then diffuse to corners, 
leading to the formation of Ag@Pt core-frame nanocubes. These bimetallic 
nanocubes embrace the catalytic properties associated with Pt atoms while 
the LSPR and SERS properties are similar to those of the original Ag 
nanocubes. We demonstrate the feasibility of using Ag-Pt core-frame cubes 
for in situ SERS monitoring of Pt-catalyzed reduction of 4-NTP by NaBH4. 
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Photochemical patterning of surface charges in fluidic channels 

Kurt Waldo Sy Piecco1,2, ks939414@ohio.edu. (1) Chemistry and 
Biochemistry, Ohio University, Athens, Ohio, United States (2) Chemistry, 
University of the Philippines, Miagao, Iloilo, Philippines 

Nanofluidics is the study of phenomena involving fluid motion in channels or 
around structures measuring less than 100 nm in at least one dimension. At 
this scale, the physics and chemistry at the interface of the fluid and the 
nanochannel surface play a very important role. In this study, we are 
specifically interested in the patterned grafting of charged moieties onto 
nanochannel walls to fabricate nanofluidic diodes, transistors and logic 
circuits. Surface patterning of the nanochannels will be accomplished through 
photochemical reactions of alkenes with grafted surface thiols. Two different 
alkenes will be grafted in sequence, one bearing a positive charge and the 
other a negative charge. Masks will be employed during the photochemical 
reaction for the patterned grafting of charged moieties. After fabrication, the 
performance of the devices will be evaluated through conductivity 
measurements at different experimental conditions. 
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Correlating carrier densities with composition and surface ligands in 
Cu2-xSe nanoparticles 



Xing Yee Gan2, xingyee.g@gmail.com, Lauren E. Marbella2,1, Derrick C. 
Kaseman2, Jill Millstone2. (1) Chemistry, University of Cambridge, Cambridge, 
United Kingdom (2) Chemistry, University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States 

The phenomena of localized surface plasmon resonances (LSPRs) has been 
broadly studied and is a property of nanomaterials that can be used to 
enhance or enable a wide variety of technologies including cancer treatment, 
light-driven catalysis, and ultrasensitive detection. While most widely observed 
and studied in noble metal nanomaterials, a much broader selection of 
nanoscale materials may exhibit LSPRs. Recently, degenerately doped 
semiconductor nanoparticles have been identified as one such class of 
alternative plasmonic nanomaterials. Unlike their noble metal counterparts, a 
powerful way to tune plasmonic properties of doped semiconductor 
nanoparticles is by controlling their charge carrier density. Therefore, methods 
to control and measure carrier density in these materials is crucial to their 
development. Both extrinsic and intrinsic particle features may be manipulated 
to alter carrier densities, and the resulting concentrations are typically 
measured using a Drude model interpretation of the particle extinction 
spectrum. However, extracting carrier density from an extinction spectrum has 
several drawbacks, including convolution from sample properties such as 
polydispersity or aggregation. Further, carrier densities in nanomaterials that 
do not exhibit spectroscopically discernable plasmonic features cannot be 
evaluated using such methods, which prohibits analysis of questions such as: 
what is the minimum charge carrier density needed to observe an LSPR at a 
given wavelength. Here, we study carrier density in a well-studied non-noble 
metal plasmonic system, Cu2-xSe. Using 77Se solid state NMR spin lattice 
relaxation measurements, we track and quantify carrier density changes as a 
function of particle oxidation. We find that 77Se NMR spectroscopy is a 
sensitive technique able to identify and measure carrier density in Cu2-xSe 
systems that are metallic, but that do not yet show optically discernable 
plasmonic features. Importantly, 77Se NMR simultaneously provides critical 
information about the structural evolution of these particles as a function of 
progressive oxidation. Taken together, we then specifically study surface 
chemistry dependent LSPR behaviors in these nanoparticles, and decouple 
the influence of changes in medium dielectric properties from ligand-induced 
carrier density changes. 
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Controlled surface chemistry for the directed attachment of copper(I) 
sulfide nanocrystals 



Evan H. Robinson, evanhrob@gmail.com, Michael Turo, Janet 
Macdonald. Vanderbilt University, Nashville, Tennessee, United States 

This work covers a new route to stoichiometric low chalcocite copper(I) sulfide 
nanorods without the need for cation exchange. Nanorods are formed through 
the oriented attachment of seed nanocrystals with crystal-bound thiols 
facilitated by 1,2-hexadecanediol (HDD). Evidence suggests that rather than 
acting as a reducing agent, the HDD serves as a nanocrystal stabilizer. 
Nanorod syntheses attempted without HDD result in ripened and aggregated 
particles, while reactions performed with an excess of HDD result in solitary 
unaltered nanocrystals. When the optimal concentration is used, HDD 
coordinates to the reactive c-axis facets limiting seed ripening and disordered 
aggregation, without hindering oriented attachment. XPS analysis reveals 
similar surface chemistry and XRD verifies the same crystal structure between 
the seed nanocrystals and the final nanorod product. 
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Efficient releaser based on the As-synthesized mesoporous silica 

Mi Mi Wan2, Xin Yu Min Dong2, Shuo Hao Li2, Ying Wang1, Jian Hua Zhu2, 
jhzhu@nju.edu.cn. (1) Nanjing Univ Scl Chem Chen Eng, Jiangsu Province, 
China (2) Nanjing University, Nanjing Jiangsu, China 

Surfactant template micelles in as-synthesized mesoporous silica such as 
MCM-41 can be used as the vessel of drug. Here are two recent research 
progresses. 
One is the temperature-controlled release of menthol (5-methyl-2-isopropyl-
cyclohexanol). As-synthesized mesoporous silica MCM-41 (as-M41) trapped 
the menthol of 10~16 wt.-% in 353 K – 413 K but sealed it to ambient for 30 



days. Then it was able to release the menthol at 333 K. Once 30 mg the as-
M41 vessel, which adsorbed menthol at 373 K and open stored for 60 days, 
was put into the cigarette filter and smoked, it was reported to feel the cool 
and refreshing of menthol. 
Another is the new strategy of in situ loading and release of drug in 
mesoporous silica SBA-15, in which heparin or ibuprofen (IBU) is 
encapsulated directly into vessel by using Evaporation-Induced Self Assembly 
one-pot synthesis. In situ loading heparin in EISA synthesis reached the 
higher heparin content of 167 mg g-1, 4 times higher than that of impregnated 
in SBA-15 (29 mg g-1), 45% more than organic modified SBA-15 (114 mg g-1). 
In the release stage at 45th day, new vessel still showed an obvious release 
and its accumulated amount reached 70 mg g-1 and the released proportion 
was 55.5%, much higher than that of SBA-15 (15.4 mg g-1, 53.1%). On the 
other hand, IBU was simply immobilized into the composite through this one-
pot synthesis, and the amount could achieve to 200 mg g-1 that was 166% 
higher than that on SBA-15 by impregnation (75 mg g-1). Moreover, all of the 
novel vessels had the higher release/loaded ratio (89.9~100%) than that of 
SBA-15 (66%). 
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Molecular self-assembly and redox assembly of quinone derivatives on 
Au(100 

Tobias Morris, tobmorri@indiana.edu, Ivan J. Huerfano, Christopher D. 
Tempas, David L. Wisman, Nicholas A. Maciulis, Alexander V. Polezhaev, 
Kenneth G. Caulton, Steven L. Tait. Chemistry, Indiana University, 
Bloomington, Indiana, United States 

Quinones have long been used as redox-active organic molecules. They are 
excellent candidates for functional redox structures at surfaces because of 
their strong oxidative capabilities and their flat structure. These properties 
served as building blocks for the development of two new ligands, tetra-aza-
anthraquinone (HTAAQ) and tetraethyltetra-aza-anthraquinone (EtTAAQ). 
Each ligand was vapor deposited to the Au(100) surface and analyzed by X-
ray photoelectron spectroscopy (XPS) and scanning tunneling microscopy 
(STM). STM shows the self-assembly of each molecule into 2D islands, but 
with different behavior and packing depending on the molecule. The molecular 
packing of the EtTAAQ shows a basketweave-like tiling pattern, with 
electronegative oxygen sides interacting with the relatively electropositive 
methylene hydrogen ends of neighboring molecules. By co-deposition of V 
metal onto the surface with the ligands, oxidation of V has been observed by 



XPS. Structural analysis of the metal-organic complex product is ongoing, as 
are studies of the chemical activity of the metal centers. 

COLL 189 

Towards selective molecular biosensing: Fundamental investigation of 
polymeric filtering effect on field-effect transistor biosensor 

Shoichi Nishitani, nishitani@biofet.t.u-tokyo.ac.jp, Toshiya Sakata. The 
University of Tokyo, Tokyo, Japan 

Selective biomolecular sensing is of great importance in biomedical 
applications. Yet, due to the countless number of contaminants in real bio-
systems, realization of selective sensing, especially of small biomolecules, 
remains a great challenge. Herein, we propose a novel biosensing platform 
based on an extended-gate field-effect transistor (EG-FET) biosensor of which 
sensor surface is modified by filterly-designed polymeric membrane. FET 
biosensors can sensitively detect small molecules by the induced change of 
gate surface charges within the range of electric double layer. Particularly, 
extended Au gate enables ultra-sensitive detection of various biomolecules 
based on the electrochemical reactions. Thus, our sensor is designed so that 
the polymeric membrane works as a filter, capturing various contaminants, 
and only the target biomolecule reaches the sensing area. For a fundamental 
investigation, in this study, we use dopamine, a well-known neurotransmitter, 
and phenylboronic acid (PBA) as a receptor, to show the impact of filtering 
effect and thus the possibility of building selective biosensing platform. 
To investigate the filtering effect, we prepared FET sensors with its sensing 
surface modified by polymer with and without PBA. Polymerization was 
carried out using visible light mediated atom transfer radical polymerization 
(ATRP). First, Au electrode was modified by ATRP initiator using diazonium 
salt chemistry. Then, co-polymerization of methacrylic acid, 2-hydroxyethyl 
methacrylate, and N,N’-methylenebisacrylamide with an optimized ratio was 
carried out. Finally, PBA was introduced into the polymeric structure through 
carboxyl-amino chemical reaction between methacrylic acid and m-
aminophenylboronic acid. 
The gate surface potential was monitored using FET real-time monitoring 
system in aqueous buffer solution while continuously increasing the 
concentration of dopamine. While the detection limit of the sensor without 
PBA was as low as in nM order, sensitivity of the sensor with PBA polymer 
decreased significantly to a µM order, indicating dopamine being captured by 
PBA-based polymer membrane. Thus, the result showed succession of both 



an ultra-sensitive detection and a filtering effect, which opens a possibility of 
building selective biosensing platform. 

COLL 190 

Thin-film formation from the complex coacervates based on a synthetic 
acidic matrix protein and lysozyme in in vitro CaCO3 crystallization 

Sun Young Kim, Chaeyeon Son, Yoo Seong Choi, 
biochoi@cnu.ac.kr. Department of Chemical Engineering and Applied 
Chemistry, Chungnam National University, Daejeon, Korea (the Republic of) 

Coacervation is a liquid-liquid phase separation process of macromolecular 
polyelectrolytes. In this study, simple and complex coacervates were 
successfully formed based on a synthetic acidic protein, GG1234, which was 
composed of two distinct domains of repetitive amino acids. Simple 
coacervation of GG1234 was optimally induced at pH 3.75 and below 50 mM 
for all of the tested salts, and complex coacervates were prepared at pH 4–9 
in sodium acetate solution at various ratios of GG1234 to lysozyme without 
inducing simple coacervation. Remarkably, the coacervates from GG1234 
were mainly involved in the formation of a poorly crystalline thin film in in 
vitro CaCO3 crystallization, which was expected due to the properties of 
GG1234 itself and its coacervate phase. Our results indicate that our synthetic 
acidic matrix protein could be used as the main protein for simple and 
complex coacervations, and the coacervates of this protein might be involved 
in thin film formation in CaCO3 crystallization. 
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Evaluation of stress-grown carbon nanotubes for optically-active hybrid 
mixtures 

Michael S. Lowry, michael.s.lowry@navy.mil. NSWC Dahlgren, Dahlgren, 
Virginia, United States 

Stress-grown carbon nanotubes (SG-CNTs) are carbon-based nanomaterials 
that formed in the presence of an external stressor. The stressor creates a 
unique thermodynamic condition during molecular development and has been 
shown to manifest itself in the chemical and physical properties of the 
resulting material. SG-CNTs have not been previously explored as active 
components in optical mixtures or composite materials, but their similarities to 
(and differences from) conventional carbon nanotubes (CNTs) suggest that 



this is an appealing area to pursue. To this end, the interaction of SG-CNTs 
with electromagnetic radiation in the ultraviolet (UV), visible and near infrared 
(NIR) regime has been examined. Experimental methodology, material 
performance and future implications of this work will be presented. 
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Synthetic mechanism of Janus Au-silica particle in aqueous phase 

Yi Luo, yi.2.luo@uconn.edu. Chemistry, University of Connecticut, Vernon, 
Connecticut, United States 

Janus particle features in its anisotropic structure and bi-functionality. Many 
studies have been performed to explore the application of Janus particles, 
such as sensing, SERS, drug delivery and assemblie. Various synthetic 
methods are available to synthesize Janus particle. For example, symmetrical 
Au nanospherescould be grown into eccentric Au-SiO2 in water phase with 
the assistance of mercaptopropionic acid (MPA) and polyacrylic acid (PAA). 
However, the synthetic mechanism is still not well understood. Here we 
studied the role that MPA and PAA ligands played in tuning interface energy 
between silica and gold. Silica tends to grow into spherical structure to reduce 
lattice strain and surface energy. However with the help of ligands, the 
interface energy between silica and Au surfaces can be reduced. We varied 
the ratio of the two ligands to study the relationship between the stability of 
silica-gold interface and the contact angle of silica particle on Au surface. This 
study would help promote the understanding of synthetic mechanisms of core 
shell and eccentric structures. 
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Modeling of the interfacial behaviors in demulsification of crude oils 

Decai Yu1, dyu@dow.com, Jonathan Mendenhall2. (1) Core R&D, Dow 
Chemical, Midland, Michigan, United States (2) Core R&D, Dow Chemical, 
Freeport, Texas, United States 

Water is often present as emulsified droplets in crude oil, which leads to 
problems in subsequent pipeline transport. Removing water from crude oil is a 
common practice in the industry. Chemical additives are usually used to help 
the dewatering process. In this work, we studied the demulsification process 
and examined the behavior of additives at the water-oil interface using 
molecular modeling. 



 
Using molecular dynamics (MD) and dissipative particle dynamics (DPD) 
simulations, we calculated the interfacial tension of water-oil interfaces with 
adsorbed additive, and studied the interaction of additives with surface-active 
species present in the crude oil. We also examined the coalescence of 
additive-coated water droplets using steered simulations. We discuss the 
advantages of these approaches for investigating interfacial phenomena, but 
also identify some shortcomings and areas for potential improvement. 
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Engineering hybrid nanosystem as a novel sustainable tool for Zika 
vector Aedes aegypti control 

Lok Pokhrel, lokraj123@gmail.com. Division of Environmental Health, 
Temple University, Philadelphia, Pennsylvania, United States 

Zika virus (ZIKV) disease is a pandemic with over 43,000 cases already 
reported in the contiguous US states and its territories. ZIKV infection has 
been causally linked to increased microcephaly, Guillain-Barre Syndrome, 
hearing loss, eye damage, and retarded growth in babies of infected mothers. 
Historically, high-volume high-dose pesticides (organophosphates, 
pyrethroids, etc.) have been used for vector control, but Aedes 
aegypti mosquito, which is a primary vector for Zika, Dengue, Yellow fever, 
and Chikungunya, has demonstrated resistance against the pesticides 
currently in use today. Increased adaptation around human dwellings and 
warming climate further underscore the need to urgently 
control Aedes abundance, migration and ZIKV transmission. Imperative, 
therefore, is to design and develop ecofriendly and sustainable mosquito 
vector control tools, which are not only effective at ultra-low-doses (ULDs) but 
are also benign to human health and the environment. This presentation will 
describe our piloted results showing significant oocidal, larvicidal, pupicidal 
and adulticidal effects of surface-modified silver nanoparticles (AgNPs) 
against Ae. aegypti at 0.5 mg/L. Motivated by these results, our ongoing work 
aims at coupling low-concentration AgNPs with a benzoylurea pesticide at 
ULDs to develop hybrid nanosystem (HNS), which is not only expected to be 
inhibitory against different life stages of Ae. aegypti but is also benign to other 
non-target organisms. 
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Ligand mediated evolution of size dependent magnetism in cobalt 
nanoclusters 

Michael Hartmann, michael.hartmann121@gmail.com, Jill 
Millstone. Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, 
United States 

Magnetic materials have received widespread interest due to potential 
applications in fields ranging from biomedicine to data storage. Nanoparticles 
are known to support size dependent (d = 1 – 3 nm) per atom magnetic 
moments that are higher than their bulk counterparts, making them promising 
platforms to build high performance magnetic systems. However, the ligand 
shells required to stabilize these particles may also quench their magnetic 
properties. Here, we use density functional theory to study the size dependent 
magnetism of ligand-passivated Co nanoclusters ranging from 13 to 92 metal 
atoms. Overall, we find that the local coordination environment of individual 
Co atoms encompasses both the composition of the first coordination sphere 
as well as long-range structural motifs. Both these local and extended 
coordination environments contribute strongly to the local magnetic moment of 
a given Co atom in these clusters. Therefore, linear size-dependent trends are 
not observed. Instead, this collection of individual coordination environments 
is informed by, but not comprehensively defined by, nanocluster size, and is 
also strongly dependent on core symmetry, ligand density, and ligand 
arrangement. Taken together, these results indicate that developing synthetic 
methods to access the structural complexity possible at the nanoscale would 
allow unprecedented magnetic behaviors to be studied, targeted, and 
realized. 

COLL 196 

Controlled release perivascular drug delivery from graphene oxide-
hybridized HA hydrogels 

Panita Maturavongsadit1, panita@email.sc.edu, Qian Wang1, Taixing 
Cui2. (1) Chemistry and Biochemistry, University of South Carolina, Columbia, 
South Carolina, United States (2) Department of Cell Biology and Anatomy, 
University of South Carolina, Columbia, South Carolina, United States 

Graphene oxide (GO) can be used as a novel nanocarrier for controlled drug 
delivery owing to its high loading capacity of drugs with aromatic structures. 



We developed a GO-hybridized hyaluronic acid (HA)-based hydrogel for 
perivascular drug delivery. HA serves as a biodegradable macroscale 
polymeric scaffold, making the prepared GO nanocarriers localized and stable 
in different microenvironment. The nanocarrier was firstly synthesized by 
attaching senexin A (SNX), a kinase inhibitor and a possible anti-tumor drugs, 
to GO via strong π–π interaction, followed by in situ encapsulation of GO-SNX 
with HA-based hydrogel. Results of in vitro testing indicate high loading of 
SNX onto GO, and subsequent slow release of SNX within therapeutic 
window. The slow release of SNX strongly relates to loading-ratio of GO to 
SNX. This strategy can also be applied in a variety of drugs in a similar 
manner, therefore offering a novel formulation for localized drug delivery 
applications. 
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Dispersions of carbon black in aqueous medium: Rheological and 
electrical study 

Fadi Kamand1, fk1306391@qu.edu.qa, Musaab I. Magzoub2, Mustafa S. 
Nasser2, Mohamed Youssry3. (1) Chemistry and Earth Sciences, Qatar 
University, Doha, Qatar (2) Gas Processing Center, Qatar University, Doha, 
Doha, Qatar 

Carbon blacks (CBs) are special allotrope of carbon nanomaterials, which are 
commonly used in energy storage systems such as ion-batteries and 
supercapacitors as electrical conductive additives. Their physicochemical 
properties such as surface chemistry and area, and particle size and 
morphology play key role in determining their dispersion properties in aqueous 
media. In this contribution, we present comprehensive study for the 
rheological and electrical properties of aqueous dispersions of a commercial 
carbon black. The equilibrium microstructure as well as the shear-induced 
structural transitions are presented and compared to analogous systems with 
different physicochemical properties. In addition, the rheological and electrical 
percolation thresholds are discussed. The colloidal stability of aqueous 
dispersions in terms of zeta-potential variation with the concentration of salt 
(lithium bis(trifluoromethane)sulfonamide; LiTFSI) is addressed. 

COLL 198 

Size-tunable plasmonic nanoparticles using block copolymer 
lithography 



Allison Cutri, acutri5396@gmail.com, Katherine A. Willets. Chemistry, 
Temple University, Philadelphia, Pennsylvania, United States 

We are using block copolymer lithography to prepare metal nanoparticle 
arrays. These arrays have largely tunable localized surface plasmon 
resonances and can be made on a variety of different substrates with different 
types of noble metals. By using a block copolymer mask of poly(styrene-b-
methylmethacrylate) (PS-b-PMMA), we show the formation of nanoparticle 
arrays arranged in a hexagonally packed pattern. First, a solution of PS-b-
PMMA is spin coated onto a substrate and thermally or solvent vapor 
annealed. By varying the molecular weight of the block copolymer, PMMA will 
self-assemble into normally oriented cylinders ranging from 20-80 nm in 
diameter in a PS matrix. After PMMA removal, several deposition techniques 
can be used to deposit metal onto the substrate through the PS mask. We 
have demonstrated that these arrays have utility for a broad range of 
applications including SERS substrates and nanoparticle electrodes. 
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New DelPhi feature for modeling electrostatic potential around proteins: 
Role of bound ions and implications for zeta-potential 

Arghya Chakravorty2, arghyac@g.clemson.edu, Zhe Jia1, Lin Li1, Emil 
Alexov1. (1) Clemson University, Clemson, South Carolina, United States (2) 
Department of Physics and Astronomy, Clemson University, Clemson, South 
Carolina, United States 

A new feature of the popular software DelPhi, that computes the electrostatic 
field around solutes including biomolecules, is developed and reported, 
allowing for computing the surface averaged electrostatic potential (SAEP) 
around them. The user is given the option to specify the distance from the van 
der Waals surface where the electrostatic potential will be outputted. In 
conjunction with equally useful softwares - DelPhiPKa and the BION server, 
the user can adjust the charges of titratable groups according to specific pH 
values, and add explicit ions bound to the macromolecular surface. This 
approach is applied to a set of proteins with “experimentally” delivered zeta-
potentials at different pH values and salt concentrations. It has been 
demonstrated that the protocol is capable of predicting zeta-potentials in the 
case of proteins with relatively large net charges. This protocol has been less 
successful for proteins with low net charges. The work demonstrates that in 
the case of proteins with large net charges, the electrostatic potential should 
be collected at distances about 4 Å away from the vdW surface and explicit 



ions should be added at a binding energy cut-off larger than 1-2 kT, in order to 
accurately predict zeta-potentials. 

 
 
A protein and a spherical object with same net-charge featuring different electrostatic 
potential fields. 



 
 
Illustrations of the surface drawn using the new module of DelPhi around (a) 4EQV 
(highly charged) and (b) 4F5S (net neutral). 
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Universal linker enabling enzyme-mediated attachment of ligands to 
nanoparticle surfaces 



Josh Santiana, joshua.santiana@uconn.edu, Saketh Gudipati, 
saketh.gudipati@uconn.edu. Chemistry, University of Connecticut, Willington, 
Connecticut, United States 

A significant amount of interest has been placed on surface functionalization 
of nanomaterials with DNA, RNA, peptides and dyes. The ability to attach 
these small molecules to organic and inorganic surfaces aides a variety of 
applications ranging from bioimaging to therapeutics. Most chemical 
conjugation strategies to date require the pairing of a unique chemical 
modification to each substrate to be attached on a specific nanoparticle 
surface of a unique composition. Here, we developed a universal enzyme 
responsive linker for assembling ligands on the surface of DNA functionalized 
nanoparticles. This novel heterobifunctional linker gives us the ability to 
enzymatically attach nucleic acid to various modified chemical and biological 
compounds. The linker utilizes copper catalyzed alkyne-azide click chemistry 
on one side and monophosphate-guided DNA ligation on the other. This 
versatile approach opens the door to variety of chemical modifications through 
a single robust enzymatic reaction. This is an advantage in the growing field of 
nucleic acid based therapeutics and offers an important strategy aimed at 
using enzymes as assembly tools on the surface of nanoparticles. 

COLL 201 

Functionalization of single-walled carbon nanotubes for use in 
supercapacitors 

Justin Zuczek2, jzuczek@uncc.edu, Jordan C. Poler1. (1) Chemistry, UNC 
Charlotte, Charlotte, North Carolina, United States (2) Chemistry, University of 
North Carolina at Charlotte, Charlotte, North Carolina, United States 

In the last decade, the world has made tremendous strides towards focusing 
on renewable energy sources rather than fossil fuels. Storing this energy, 
however, has posed a problem. Supercapacitors have the possibility to 
replace battery technology by introducing a similar energy density (capacity) 
as well as a much high power density (delivery speed). By incorporating 
higher specific surface area (SSA) hybrid carbon nanomaterials, specifically 
single-walled carbon nanotubes (SWCNTs), we aim to increase capacitance 
in supercapacitors for grid-scale use. 
We have functionalized conductive nanostructured carbon for use as 
electrodes in supercapacitors. SWCNTs possess a specific surface area of 
~1000 m2 g-1 which is greater than most current materials. By functionalizing 
CNTs with novel coordination complexes, we can further increase ion 



accessible SSA as well as maintain porosity. Coordination complexes, or 
molecular spacers, bind to and intercalate between CNTs allowing for rapid 
Faradaic activity and ion transport. The aromaticity and conjugation of our 
spacers using should influence faster transport via redox activity using 
electrochemistry. Aggregation is a problem with nanostructured materials, so 
the spacers act to prevent this. 
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 are synthesized from 
earth abundant, divalent, dinuclear coordination complexes that should further 
improve capacitance. 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 and binding kinetics have been studied to 
further understand the fundamental properties of our molecular spacers. XRD 
analysis on the assembled thin films, will be presented. A full characterization 
of these novel coordination complexes (spectroscopy, SEM/TEM, XRD, 1H 
NMR, electrochemistry) as well as their influence on capacitance will be 
discussed. Developing sustainable materials for energy storage of renewable 
sources for will become more important as the Earth’s resources are 
consumed. 
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Unconventional synthesis of semiconductor nanotetrapods using 
core/shell CdSe/CdS as seeds 

Xudong Wang, xudong.wang@uconn.edu, Shutang Chen, Jing 
Zhao. Chemistry, University of Connecticut, Storrs Mansfield, Connecticut, 
United States 

Asymmetric growth of nanocrystals is usually achieved by adding ligands with 
differential binding capacities to different crystal facets. In this work, we 
developed an alternative method to control the anisotropic growth of CdS on 
pre-synthesized CdSe/CdS nanocrystals to obtain wurtzite CdSe/CdS 
core/shell nanotetrapods. Specifically, spherical CdSe/CdS core/shell 
nanocrystals were used as seeds and anisotropic growth of CdS on the seeds 
was achieved by adjusting the thickness of CdS in the CdSe/CdS seeds and 
concentration of the precursors. Our results suggested that isotropic growth of 
CdS on the seeds transformed to anisotropic growth with increasing 
concentration of the precursors. The thickness of CdS layer in the CdSe/CdS 



seeds also has critical influence on the anisotropy of the tetrapod 
nanocrystals. The formation of nanotetrapods with long arms is likely resulted 
from the exposure of specific crystal facets and high growth rate of CdS. 
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Enantiomeric separation of chiral pharmaceuticals using chirally 
modified Au nanoparticles with high-index facets 

Apurva A. Pradhan2, aapradha@andrew.cmu.edu, Anantha V. Nagarajan2, 
Nisha Shukla3, Andrew J. Gellman1. (1) Department of Chemical Engineering, 
Carnegie Mellon Univ, Pittsburgh, Pennsylvania, United States (2) Chemical 
Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United 
States (3) Hamburg Hall Rm 1215, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States 

The high-index facets found on tetrahexahedral (24-sided), trisoctahedral (24-
sided), and hexoctrahedral (48-sided), gold nanoparticles have been shown to 
exhibit unique characteristics ranging from catalytic function to inherent 
chirality. Past work studying specific high-index faceted metal surfaces and 
nanoparticles have shown to enhance the separation of chiral molecules over 
their low-index or spherical counterparts. This work further investigates the 
use of modified and unmodified chiral nanoparticles as adsorbent phases for 
enantioselective purification of chiral pharmaceuticals from the solution phase. 
Polarimetry, IR spectroscopy, and quartz crystal microbalance measurements 
have been used to study the extent of separation and degree of adsorption of 
chiral molecules onto the surface of these gold nanoparticles. Chiral 
propylene oxide and chiral proline have been shown to enantiospecifically 
interact with the chiral surfaces of Au nanoparticles modified with D- or L- 
Cysteine and penicillamine. The effects of temperature, wavelength, Au 
nanoparticle shape, and Au nanoparticle size were studied to optimize 
enantiospecific adsorption onto the chiral nanoparticles. We have shown that 
increasing temperature, decreasing wavelength, and increasing nanoparticle 
size result in better separation and larger polarimetric rotations. 
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Catechol-conjugated hydroxyethyl chitosan as a tissue adhesive 

Yanfei Peng2,3, yanfeipeng@ouc.edu.cn, Xiaoting Peng3, Baoqin Han3, 
Robert J. Linhardt1. (1) Chemistry, Rensselaer Polytechnic Institute, Albany, 
New York, United States (2) Department of Chemistry and Chemical Biology, 



Rensselaer Polytechnic Institute, Troy, New York, United States (3) College of 
Marine Life Sciences, Ocean University of China, Qingdao, Shandong 
Province, China 

Hydroxymethyl chitosan (HECTS) has been an implantable biomaterial 
because of its excellent water solubility, biodegradability and biocompatibility. 
Here, hydrocaffeic acid (HCA) grafted HECTS (HCA-g-HECTS) was prepared, 
the Fe3+-triggered and IO4--induced crosslinking of HCA-g-HECTS was 
described, and the in vitro and in vivo wet-resistant adhesion were measured. 
Through EDC bioconjugation the highest degree of HCA grafted to HECTS 
was 14.8 %. The gelation points of both Fe3+- triggered and IO4- - induced 
HCA-g-HECTS hydrogels decreased with the increase of the molar ratio of 
cross linker to grafted catechol group and temperature. IO4- -induced HCA-g-
HECTS hydrogels exhibited much stronger storage modulus and temperature 
stability than those of Fe3+-triggered ones. Under the molar ratio of catechol 
group to cross linker of 1:0.125, HCA-g-HECTS hydrogels exhibited the 
highest adhesion strength against wet rat skin. For wound closure in a rat 
model, IO4- -induced HCA-g-HECTS hydrogels showed a stronger adhesion 
strength than sutures and good biocompatibility. These results provided 
experimental basis for applying IO4--induced HCA-g-HECTS hydrogels as 
tissue adhesive. 

COLL 205 

Effect of film deposition conditions on the properties of multilayer films 
of a dual responsive block copolymer micelle 

Dilara Gündoğdu2, dlaragundogdu@gmail.com, Vural Butun1, Irem Erel-
Goktepe2. (1) Eskisehir Osmangazi University, Eskisehir, Turkey (2) 
Chemistry, Middle East Technical University, Chemistry Department, Ankara, 
Turkey 

Block copolymer micelles (BCMs) are ideal drug carriers due to their 
hydrophobic core regions which can encapsulate water insoluble drug 
molecules. BCMs with stimuli-responsive cores are of specific interest due to 
release of the cargo by simply changing the environmental conditions, e.g. 
pH, temperature, ionic strength. Incorporation of BCMs into layer-by-layer 
(LbL) films is important to keep the BCMs stable in bloodstream and prevent 
the release of the cargo at an early stage. In addition, BCMs increase the 
loading capacity of the LbL films for functional hydrophobic molecules. 
 
In this study poly[2-(dimethylamino)ethyl methacrylate-b-poly(2-



(diethylamino)ethyl methacrylate)] (PDMA-b-PDEA) micelles with 
pH/temperature responsive PDMA-coronae and pH-responsive PDEA-core 
structure were used as building blocks to construct LbL films using 
poly(sodium 4-styrenesulfonate) (PSS) as the polymer counterpart. The effect 
of film deposition pH and temperature on the properties of the multilayers 
were investigated in detail. It was found that only 0.5-unit difference in the pH 
of polymer solutions resulted in a significant difference in the stability of the 
multilayers in the pH-scale. It was also demonstrated that the effect of film 
deposition temperature on the properties of the resulting films were highly pH-
dependent. In addition, pH-induced release of a hydrophobic dye, pyrene, 
from BCMs within the multilayer surface was investigated at 25°C and 37°C. It 
was found that increasing temperature resulted in an increase in the amount 
of pyrene released from the surface at moderately acidic pH. In this respect, 
our system is promising for release of biologically functional molecules at 
acidic conditions due to acidic nature of tumor tissues or pH drop in the body 
at an infected site. 

 



 
 
Disintegration of the PDMA-b-PDEA micelles and pyrene release from the 
multilayers which immersed into PBS solution at pH 6. 
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Self-assembled nanocomplexes comprising biomolecules and lipid vesicles 
have been attracted great attention because of their high potential as efficient 
nanocarriers for gene delivery and bioimaging applications. Most studies have 
focused on the cationic lipid-DNA complexes, so called lipoplexes, although 
proteins that exhibit opposite charge to the lipid could also form 
nanocomplexes. The protein-lipid complexes could have distinctive 
characteristics due to the unique charge patterns and shapes of proteins. 
Here we report protein-intercalated lipid multi-lamellar complexes, denoted 
‘proteolipoplexes’, prepared via the electrostatic self-assembly of 1,2-dioleoyl-
3-trimethylammonium-propane (DOTAP) uni-lamellar vesicles (liposomes) 
with epidermal growth factor (EGF). Anionic EGF with an isoelectric point of 
4.6 induces shrinkage and folding of the cationic DOTAP liposomes, and turns 
it into multi-lamellar lipid complexes. The average diameter of complex is in 
the range of 150-200 nm as determined by dynamic light scattering (DLS), 
and the loading efficiency of EGF into the multi-lamellar structures is about 95 
%. The formation of multi-lamellar complexes is confirmed by Förster 
resonance energy transfer (FRET), cryo-transmission electron microscopy 
(TEM), and small-angle x-ray scattering (SAXS) analysis. Although the 
proteolipoplex is formed as a multi-lamellar, the average diameter of the 
complex was not increased significantly, which is different from the 
mechanism of lipid-DNA lipoplex formation. Langmuir trough analysis reveals 
that the shrinkage and folding of the DOTAP membrane are induced by the 
surface pressure asymmetry between outer and inner leaflets in the EGF-
interacting lipid bilayer. Moreover, molecular dynamics simulations are 
performed to understand the multivalent electrostatic interaction and structural 
change between EGF and DOTAP at atomic level. This study suggests that 
proteolipoplexes can be easily achieved by the protein-lipid self-assembly and 
provides insights into structurally controllable nanomaterials. 
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Single pot reduction, nucleation, and growth of Au nanoparticles with 
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Peptide mediated gold materials are typically made in the presence of an 
exogenous reducing agent to generate colloidal suspensions where the non-
covalent interactions of the peptide modulate the properties of the material at 
the abiotic/biotic interface. The inherent molecular recognition properties of 
peptides allow for material and facet selectivity, which offers a unique 
perspective on catalyst design. Here we demonstrate complete biomolecular 
control of Au particle synthesis from complexation through reduction, 
nucleation, growth, and passivation by employing the tryptophan residue of a 
gold specific peptide. Localized residue context effects play an integral role in 
the rate of metal ion reduction and final particle morphology. These systems 
were fully monitored by time resolved analysis of the growth of the localized 
surface plasmon resonance as well as by transmission electron microscopy 
(TEM), which demonstrate a unique material disaggregation process over 
time to generate the final materials. Additionally, ionic solutions and variable 
solution pH are shown to influence the material reduction process, potentially 
identifying different mechanisms by which tryptophan can drive 
Au3+ reduction. This analysis confirms that biomolecules can be exploited for 
all steps of nanoparticle fabrication to better mimic biomineralization 
processes. These capabilities enhance the simplicity of nanoparticle 
production and could find rapid use in the generation of complex 
multicomponent materials or nanoparticle assembly. 
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Poly (lactic-co-glycolic acid)-b-poly (ethylene glycol) (PLGA-b-PEG) has been 
widely used in the biomedical applications due to its biocompatibility and 
biodegradability. Amphiphilic nature of PLGA-b-PEG provides self-assembly 
into core/shell nanostructures in aqueous environment. PLGA-b-PEG micellar 
nanostructures are used as drug carriers in controlled delivery applications. 
The drug release from PLGA-b-PEG micelles occurs through hydrolytic 
degradation of PLGA core. There are studies reporting on the aqueous 
solution behavior of PLGA-b-PEG nanocarriers. However, use of PLGA-b-



PEG micelles as building blocks in layer-by-layer (LbL) assembly has not 
been reported. In this study, Doxorubicin and Paclitaxel loaded PLGA-b-PEG 
micelles were prepared and used as building blocks together with Tannic Acid 
(TA) in the preparation of LbL films. We found that drug release from the 
multilayers demonstrated slower kinetics compared to the release from PLGA-
b-PEG micellar solution. Moreover, we showed that multilayer deposition 
conditions affected the kinetics of drug release from the surface. Release 
kinetics could also be controlled by constructing barrier layers within the LbL 
films. Incorporation of PLGA-b-PEG micelles into multilayers provides control 
in release kinetics that is important to minimize the side effects of toxic cancer 
therapeutics. Considering the biodegradability of PLGA-b-PEG, important 
biological properties of TA and the control in release kinetics via LbL 
assembly, such multilayers may be promising for controlled delivery 
applications from surfaces. 

 
 
Schematic representation of drug release from multilayers of PLGA-b-PEG and tannic 
acid 
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ALD preparation of SiO2 protected Pd-MnOx nanoparticles supported on 
TiO2: Highly efficient nanocatalyst for the dehydrogenation of formic 
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Formic acid (HCOOH, FA), which is a liquid at room temperature and contains 
4.4 % wt. hydrogen, is one of the major stable non-toxic products formed in 
biomass processing and is widely recognized as a potential hydrogen carrier 
for fuel cells designed towards portable use. The development of active, 
selective and reusable metal nanocatalysts operating at low temperatures in 
the FA dehydrogenation bears an enormous technological importance. 
Herein, we present, for the first time, a facile fabrication of ALD-SiO2 layers 
protected Pd-MnOx nanoparticles supported on TiO2 (Pd-MnOx/TiO2) and their 
excellent catalysis for the dehydrogenation of aqueous formic acid solution. 
Pd-MnOx/TiO2 nanocatalyst has reproducibly been prepared by a synthesis 
protocol that involves (1) the preparation of Pd-MnOx nanoparticles via ALD 
technique, (2) their surface protection with oleylamine (OAm) blocking agent, 
(3) the growing of SiO2 layers up to optimum thickness for catalysis by ALD 
and (4) removing of oleylamine (OAm) blocking agent through acetic acid 
washing followed by calcination. The characterization of the resultant new 
catalytic material has been done by using advanced analytical tools and the 
sum of their results pointed out the formation of ALD-SiO2 layers protected, 
well-dispersed and small sized (ca. 2.7 nm) Pd-MnOx nanoparticles exist as 
physical mixture on the surface of TiO2 framework. Thanks to the existence of 
free -NH2 functionalities (from APTS) Pd-MnOx/TiO2 nanocatalyst displays 
high activity-selectivity and great catalytic durability in the formic acid 
dehydrogenation. 
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Due to the rapid growth and expansion of electronic material research and 
industry to meet the global needs of the modern world, the contamination from 
lead (Pb), one of the hazardous heavy metals, in wastewater is hardly avoided 
from sources such as lead–acid batteries and electrodes. In connection with 
this, several researchers have introduced a number of magnetic nanoparticles 
(MNPs) with appropriate surface functionalization as one of the interesting 
adsorbents for the effective removal of heavy metals from wastewater. These 
MNPs are easily separated after the adsorption of the heavy metal ions. The 
separation ability of the MNPs are due to their inherent magnetic properties 
and in combination, to the functionalized groups attached on its surface can 
provide significant selectivity to the heavy metal ions. In this work, amine-
functionalized magnesium ferrite (MgFe2O4-NH2) magnetic nanoadsorbent 
was successfully synthesized and simultaneously functionalized under a 
refluxing condition by using ethanolamine as a surface modifier to remove 
lead (II) or Pb2+ from wastewater. The obtained MgFe2O4-NH2 nanoparticles 
had an average size of ~ 88 ± 9 nm and exhibited strong inducibility by using 
an external magnet despite being in aqueous solution. Measuring the residual 
Pb2+ concentrations after the adsorption process compared with before the 
adsorption process by atomic absorption spectroscopy exhibited that the 
adsorbent had a high potential for Pb2+ removal because the removal 
efficiency reached as high as 99%. According to Fourier-transform infrared 
(FTIR) spectroscopy results, there were N-H stretching mode of a primary 
amine with two peaks around 3473 and 3415 cm-1 and N-H bending mode 
with two peaks around 1637 and 1618 cm-1 present in the IR spectrum. The 
NH2 functional group with the NH vibrational modes is an important part of the 
ethanolamine surface modifiers. However, investigating surface structures of 
MgFe2O4–NH2 nanoadsorbent in the real situation of adsorption process is 
vital in explaining the actual interaction between the adsorbent and Pb2+ ions. 
Therefore, the surface structures of MgFe2O4–NH2 nanoadsorbent are 
characterized using sum frequency generation vibrational spectroscopy 
(SFGS). SFGS is used to study the vibrational spectrum of molecules on a 
surface or an interface between the aqueous (containing Pb2+ ion)/solid 
(adsorbent) interface. 
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Specialized topcoats are being evaluated for decreased retention of chemical 
agents in painted surfaces after exposure events. Coatings are needed to 
protect the warfighter against both primary and secondary chemical agent 
exposure, with penetration of hazardous agents into typical porous surfaces 
and coatings representing a significant threat. Variations of Slippery Liquid-
Infused Porous Surface (SLIPS) topcoats have been investigated, including 
textured poly(vinylidene fluoride-co-hexafluoropropylene) that is compatible 
with polyurethane-based paint. This particular system provided reduced 
retention of simulant compounds following a decontamination procedure, but 
durability of SLIPS topcoats in general is questionable without replenishment 
of lubricating fluids. Another approach was to create surfaces with texture 
provided by using two sizes of beads (100 and 500 nm) having fluorinated 
block copolymers. Performance of the system was significantly impacted 
through varying the ratios of the beads and total loading of material. This 
project has also accessed the relevance of traditional screening approaches 
and performance evaluations. It highlights the relationship between wetting 
behavior and target retention. 
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interactions 
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Ion pairing between charged groups on proteins, polypeptides, or small 
organic molecules with ions in salt solutions has been studied with numerous 
model systems. The results usually reproduce a Hofmeister series, rather than 
the more selective ion effects that are often found in biological system. As 
such, we have begun to explore preorganized systems with multiple charged 
moieties that more closely resemble the behavior of ion channels, protein 
binding pockets and other recognition sites for anions and cations. 
Specifically, the current study explores how polyanions influence the binding 
of monovalent and divalent metal cation. Thermodynamic measurements are 



provided along with complementary spectroscopic information from Raman 
Multivariant Curve Resolution (Raman-MCR), a technique that probes 
hydration structure of solvated organic molecules. Holistically, these results 
demonstrate how incorporation of supramolecular preorganization into ion-
specific studies is an important step in understanding Hofmeister Chemistry 
and when it can be superseded by more ion specific effects. 
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Using nuclear magnetic resonance (NMR) techniques to study noble 
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Noble metal-transition metal nanoparticle alloys display physical behaviors 
distinct from either their bulk or molecular counterparts and are desirable for 
applications ranging from heterogeneous catalysis to therapeutics. However, 
nanoscale alloyed architectures present new challenges for alloy synthesis 
because metal mixing behavior exhibits length scale dependence. Using 
traditional colloidal methods, we demonstrate the synthesis of a variety of 
noble metal-transition metal nanoparticle alloys with fully tunable 
compositions, often in contrast to bulk metal miscibilities. The resulting 
particles are characterized by transmission electron microscopy, nuclear 
magnetic resonance (NMR) spectroscopy, inductively coupled plasma mass 
spectrometry, X-ray photoelectron spectroscopy, and photoluminescence 
spectroscopy. In particular, we use a combination of NMR-based molecular 
characterization techniques and traditional materials characterization 
strategies to provide crucial insight into the chemical processes underpinning 
particle formation, as well as to directly correlate particle composition with 
particle physical properties. 
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Gas barrier coatings are required for food, pharmaceutical and electronics 
packaging to protect these products from degrading. Stretchable gas barriers, 
which can maintain their barrier performance when subject to external strains, 
are highly desired for applications including flexible electronics and 
pressurized systems including tires and gas seals. In this study we 
demonstrated a stretchable high oxygen gas barrier using water soluble and 
environmental benign materials through layer-by-layer assembly. By alternate 
deposition of poly(ethylene oxide) (PEO) and polyacrylic acid (PAA) mixed 
with montmorillonite (MMT) clay, oxygen impermeable MMT platelets were 
highly exfoliated and aligned into the PEO/PAA polymer matrix. 10 BL of this 
multilayer nanocoating, with a thickness of 432 nm, improved the oxygen 
barrier of a 1mm polyurethane rubber by more than 50X after exposure to a 
20% strain. This system, which provides the best stretchable oxygen barrier 
to-date, shows great potential in the area of elastomeric gas barrier. 
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Protein adsorption onto nanoparticle surfaces is a phenomenon that is crucial 
to understanding the behavior of nanoparticles in biological systems. In these 
studies, the interactions between a model protein, bovine serum albumin 
(BSA), two metal oxide nanoparticle surfaces (TiO2, 22 nm and SiO2, 14 nm) 
were studied at different pH values (pH 7.4, 4.5, and 2.0) and in the presence 
or absence of phosphate on the TiO2 surface. The results indicated that 
protein structure and protein surface coverage highly depend on both pH and 
nanoparticle type. At acidic pH, BSA completely denatured on the 
TiO2 surface and protein adsorption was a factor of three to ten times higher 
on TiO2 than on SiO2. The co-adsorption of phosphate to the 
TiO2 nanoparticle surface resulted in a decreased impact on the secondary 
structure of BSA, particularly at acidic pH where BSA only denatured in the 
absence of co-adsorbed phosphate. Taken together, this information provides 
a systematic understanding of how the secondary protein structure can be 
altered as a function of nanoparticle surface chemistry, solution pH, and co-
adsorbed oxyanions. 
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The cytoplasmic membrane of eukaryotes and the outer membrane of Gram-
negative bacteria contain pore-forming membrane proteins that carry out a 
number of important functions such as establishing the resting membrane 
potential, regulating cell volume, and controlling ion flux in secretory cells. 
Here we employed gramicidin A (gA), a small peptide that dimerizes through 
the bilayer to form a cation-selective pore, as a model ion channel to explore 
the effects of nanoparticle exposure on channel function. The activity of gA 
was monitored using voltage-clamp electrophysiology, a platform for studying 
picoamp currents through channels embedded in a suspended bilayer. 
Electrophysiology studies of gA embedded in a zwitterionic bilayer revealed 
that exposure to anionic gold nanoparticles functionalized with 3-
mercaptopropionic acid decreased overall gA activity while not affecting the 
conductance of individual channels. Channel lifetimes were also found to 
increase upon exposure to the anionic nanoparticles. The effect observed on 
gA activity may be due to direct nanoparticle interaction with the gA or to 



modifications in membrane curvature or elasticity. Mechanisms of channel 
disruption and the techniques necessary to elucidate them will be discussed. 
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The shape and size of particles can be controlled and altered through the 
addition of small molecules that inhibit growth of certain planes, or surfactants 
that impact the interfacial energetics. In this work, we systematically 
investigate the role of polyvinylpyrrolidone (PVP) on the growth of 
Co3O4 particles from aqueous cobalt nitrate/citric acid precursor under 
hydrothermal conditions. As the molar ratio of PVP to cobalt nitrate increased, 
the size of the particles decreased. The shape of the particles strongly 
depends on the molar ratio of PVP to cobalt nitrate. If this ratio is less than ½, 
large particles with hexagonal faces are produced. When the ratio is 
increased slightly above 1/2, there is a decrease in the particle size and the 
shape transforms to cubes. This cubic structure for the particles persists until 
a ratio of 2 where spherical nanoparticles are formed. A competitive growth 
mechanism between free cobalt ions and PVP-bound cobalt ions in the 
solution was proposed to interpret the size and shape change of 
Co3O4 (nano)particles based on the ratio of PVP to cobalt nitrate. The 
particles were all crystalline via X-ray diffraction and the Scherrer equation 
was used to estimate the average crystallite size to assess if the particles are 
likely single crystals or polycrystalline. 
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Since polymers with different stereoregularity have different physical 
properties, control of stereoregularity is important for high performance 
material design. Poly-(3-hexylthiophene) (P3HT) is conductive polymers used 
for solar cells and organic electronic devices as p-type semiconductor, and it 
is known that electrical properties strongly depend on the stereoregularity of 
polymer chain. Synthesis and characterization of highly stereoregular head-to-
tail (HT) P3HT is well established, characteristic for highly stereoregular head-
to-head (HH) and tail-to-tail (TT) type P3HT is not well known. In order to 
synthesize stereoregular HH and TT type P3HT, it has been synthesized from 
an HH type dimer by coupling polymerization. The reaction produces a 
branched structure due to side reaction. Recently, we reported that oxidation-
coupling polymerization of 3-hexylthiophene (3HT) in porous materials without 
side reaction of 2, 4-coupling. In this study, we report synthesis and 
characterization of highly stereoregular HH and TT type P3HT within a porous 
material. 
Since the composition of the template material in the template polymerization 
greatly influences the structure of produced polymer, porous materials with 
different compositions were prepared. The porous materials were heated in a 
vacuum and dried. 3HT was adsorbed by the porous materials. After 
irradiating ultrasonic waves 30 times, excess 3HT was removed in a vacuum 
at 40 ° C. Under argon atmosphere, iron chloride was added and stirred for 24 
hours. After washing with methanol, synthesized P3HT was extracted with 
THF and then THF was removed by evaporation. When residues were 
measured by NMR, it was revealed that P3HT having high stereoregularity 
was synthesized when high Silica-zeolite (SiO2/Al2O3 = 1900) having 5.8 nm 
pore-size was used as confined reaction space (Figure 1). 

 



 
Figure 1. Schematic image of synthesized poly-(3-hexylthiophene) within porous 
materials 
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Combination of engineered substrates and muscle cells has been actively 
investigated for building thin film-type biohybrid actuators. Microstructure 
replicating a structural property of extracellular matrix is important for directing 
alignment of muscle cells on a substrate. In this regard, we focused on free-
standing polymeric ultra-thin films (referred to as “nanosheets”). The 
nanosheet showed ultra-flexibility due to the huge size aspect ratio between 
thickness (tens to hundreds of nanometers) and area (several square 
centimeters); that could be useful as a synthetic scaffold to culture the muscle 
cells. In this study, we envisioned engineering of biohybrid actuators 
consisting of microgrooved nanosheets that direct the anisotropic alignment of 
skeletal muscle cells. 
We prepared free-standing microgrooved nanosheets (thickness: 380 ± 3 nm, 
groove height: 343 ± 37 µm, groove width: 10 µm) [Figure 1(a, b)] by 
spincoating a solution of poly(D,L-lactic acid) (PDLLA) on PDMS molds with 
microgrooves (groove width: 10 µm, groove pitch: 10 µm, depth: 400 nm). 
Then, murine skeletal muscle myoblasts (C2C12) were seeded on the 
microgrooved nanosheet attached on a layer of poly(N-isopropylacrylamide) 
(pNIPAM). More than 50% of C2C12 oriented within 10 degrees against 
groove direction, of which formed myotubes after 5 days of culture in the 
differentiation medium. Then, by lowering the medium temperature, the 
nanosheet was detached from the substrate due to the dissolution of a 
pNIPAM layer. Under electrical stimulation (20 V, 24 msec, 1 Hz), the 
microgrooved nanosheet rhythmically contracted due to the contractile force 
of the cultured myotubes (average displacement: 73 µm) [Figure 1(c)]. The 
contractile motion of the nanosheet corresponded to the frequency of 
stimulation from 1 Hz to 4 Hz. Therefore, the microgrooved nanosheet could 
serve for the engineered substrate for converting the contractile force of 
myotubes into the actuation of microgrooved nanosheets. 

 



 
 
Figure 1. (a) Preparation of microgrooved nanosheets, (b) 3D surface image of the 
microgrooved nanosheet observed with an atomic force microscope, (c) displacement 
of the contractile nanosheet powered by engineered myotubes under electrical 
stimulation (20 V, 24 msec, 1 Hz). 
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We report on measurements of the absolute efficiency for the resonant energy 
transfer (RET) from a metal nanoparticle to a semiconductor nanocrystal solid 
in a near-field regime. Quantitative estimates of the RET contributions 
independently of the backward charge and energy flow were obtained by 
using the Sample Transmitted Excitation Photoluminescence (STEP) 
spectroscopy that measures the percentage of photons absorbed by a metal 
nanoparticle that decay through exciting an electron-hole pair in the 
semiconductor counterpart. To ensure that the energy exchange occurs 
predominantly in the near-field regime, we employed 15-nm spacer-coated Au 
nanoparticles incorporated within a solid of CdSe quantum dots. 
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Bimetallic nanomaterials have application in many fields (e.g., catalysis, 
sensing, etc). This work explores electrochemical deposition methods for the 
surface modification of nanoparticles. Dark-field optical microscopy and 
scanning electron microscopy are used to observe electrodeposition onto 
plasmonic nanoparticles. In situ optical electrochemical experiments are 
conducted using a spectroelectrochemical cell, enabling the collection of 
plasmonic scattering information as electrochemical potentials are changed. 
The outcomes indicate detectable electrodeposition of Cu onto AuNPs via 
monitoring of the localized surface plasmon resonance frequency. 
Electrochemical deposition is validated as a method for the synthesis of 
bimetallic nanomaterials. 
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This presentation describes the formation and characterization of oriented 
dipoles in fluorinated self-assembled monolayers (FSAMs) derived from the 
adsorption of CF3-terminated alkanethiols on underpotential deposited (UPD) 
silver on gold. Additionally, the FSAMs (CF3(CH2)nSH; n = 16—19) and the 
hydrocarbon analogs (CH3(CH2)nSH; n = 16—19) were directly compared to 
the corresponding films on gold as a reference. To investigate "odd-even" 
effects associated with these films, all monolayers were probed with several 
nonpolar and polar liquids. The films were also characterized using 
ellipsometry, polarization-modulation infrared reflection-absorption 
spectroscopy (PM-IRRAS), and X-ray photoelectron spectroscopy (XPS) to 
determine their thicknesses, conformational order, and chemical composition. 
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This presentation describes the synthesis of a series of perfluorocyclohexyl-
terminated alkanethiols, C6F11(CH2)nSH (n = 10, 11) and their hydrocarbon 
analogs. These two new series of ring-terminated alkanethiols were used to 
generate self-assembled monolayers (SAMs) on gold surfaces to serve as 
polymer mimics on metal substrates. These films were characterized using 
polarization modulation infrared reflection absorption spectroscopy (PM-
IRRAS) X-ray photoelectron spectroscopy (XPS), ellipsometry, and contact 
angle goniometry. Furthermore, the structural and interfacial properties of 
these SAMs were compared to their corresponding polymers, 
polytetrafluoroethylene (PTFE) and polyethylene (PE), to assess the potential 
use of these SAMs as mimics of ultra-thin polymer films. 
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Sum frequency generation spectroscopy of terminally fluorinated self-
assembled monolayers on UPD silver and bare gold substrates 
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Oussama Zenasni3, Steve Baldelli1, T Randall Lee1. (1) University of Houston, 
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University of Houston, Houston, Texas, United States 

This presentation describes the characterization of fluorinated self-assembled 
monolayers (FSAMs) generated from the adsorption of CF3-terminated 
alkanethiols on underpotentially-deposited (UPD) silver and bare gold 
substrates using sum frequency generation (SFG) spectroscopy and infrared 
reflection-absorption spectroscopy (IRRAS) in the C–F and C–H stretching 
regions, between 1100-1500 cm-1 and 2700-3100 cm-1, respectively. The 
overall structures and orientations of these FSAMs are important microscopic 
properties that impart a direct macroscopic effect on the wetting, adhesion, 
and stability of these films. The average functional group orientations in air 
and under various contacting liquids were calculated from the acquired SFG 
spectra. The spectroscopically derived orientation of the molecules offers 
further insight into the macroscopic wettability of FSAMs. 
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Dectin-1 targeting delivery of a therapeutic oligonucleotide with a beta-
1,3-glucan carrier for cancer treatment 

Nobuaki Fujiwara1,2, x6mab015@eng.kitakyu-u.ac.jp, Hiroto Izumi2, Shinichi 
Mochizuki1, Kazuo Sakurai1. (1) Department of Chemistry and Biochemistry, 
The University of Kitakyushu, Fukuoka, Japan (2) University of Occupational 
and Environmental Health,Japan, Fukuoka, Japan, Fukuoka, Japan 

We found that a β-1,3-glucan schizophyllan (SPG) forms a macromolecular 
complex with single chain homo-polynucleotides, including poly deoxyadenine 
[poly(dA)]. β-1,3-glucans can bind to a lectin called Dectin-1 expressed on 
several immunocytes and the SPG/poly(dA) complex also bind to Dectin-1. By 
use of this recognition, antisense oligonucleotides that have a poly(dA) tail 
can be specifically deliver to immunocytes to downregulate a target protein. It 
has been reported that human dectin-1 has eight splice variants. In this study, 
we cloned human Dectin-1 variants and prepared the transfectants, and 
evaluated which variant show affinity to the SPG/DNA complex. Among the 
eight splice variants, we chose the six types of Dectin-1 containing the 
carbohydrate recognition domain and prepared the transfectants for PC3 cells 
which is a prostate cancer cell. Treatment with SPG/YB-1-antisence 
complexes induced the downregulation of YB-1 expression for the cells with 
variant 1, 2, 3 and 4, resulting in the suppression of cell growth, where YB-1 is 
a Y-box-binding protein. Especially, in the cells with variants1, 3, and 4 having 
stalk region, the complexes strongly inhibited the gene expression of YB-1 
and cancer cell growth. Variant1, 3 and 4 also have N-glycosylation site. 
These findings suggest that a stalk region plays an important role in not only 
cellular uptake of the complex but also expression on the cell surface. 
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Cell membrane-attractive deformable polymeric micelles for enhanced 
transdermal delivery 

Daehwan Park1, boseok625@naver.com, Kyounghee Shin1, Jin Woong 
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In recent years, nano-sized drug carriers, such as micelles, liposomes, and 
polymeric and inorganic nanoparticles have been developed for transdermal 
drug delivery. They have the potential to effectively deliver biological active 
drug molecules across the skin layer due mainly to the high surface activity 
coming from their nanoscale particle sizes. Especially, the polymeric drug 
carriers should guarantee non-toxicity, long-term stability, and permeation 
efficacy for drugs, and so on. However, as the skin has a very robust barrier 
function against the absorption of materials, only small quantities of a drug 
can penetrate the skin over a period of time. For efficient transdermal drug 
delivery, we should overcome this barrier property. This study introduces a 
new transdermal nanocarrier system, which can take both inter- and 
intracellular pathways. For this, polymer-lipid hybrid micelles are fabricated by 
tailored co-assembly of amphiphilic poly(ethylene oxide)-block-poly(ε-
caprolactone) (PEO-b-PCL) and biolipid, mannosylerythritol lipid (MEL). 
Thanks to the asymmetric alkyl chain configuration of MEL, the polymeric 
micelles fabricated in this study show structural flexibility and deformability, 
which can be confirmed by XRD, DSC, and NMR analyses. Those properties 
enable the polymeric micelles to readily pass through between the intercellular 
lipid layer in the stratum corneum. Moreover, the conjugation of cell-
penetrating peptide (CPP) to MEL induces the interaction with the skin cell 
membrane so that the micelles can also deliver drugs via intracellular 
pathway. From combined in vivo and in vitro skin penetration studies, finally, 
we demonstrate that our polymeric micelles remarkably improve transdermal 
delivery efficiency. 

 



 
Figure 1. (A) Schematic illustration of polymeric micelles produced by self-assembly 
of amphiphilic copolymer with biocompatible lipid and CPP. (B) TEM image of 
polymeric micelles; PEO-b-PCL/MEL=8/2 (w/w). 
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Simple microwave-assisted synthesis of fluorescent carbon quantum 
dots from polyamidation monomer set 

Yujin Choi, choiyj94@ut.ac.kr, Insik In. Department of Polymer Science and 
Engineering and Department of IT Convergence (BK21 PLUS), Korea 
National University of Transportation, Chungju, South Korea, Korea (the 
Republic of) 

Carbon quantum dots (CQDs) are fluorescent 0D carbon nanomaterials 
showing strong fluorescence, high dispersion stability, 
environmental/physiological non-toxicity. which renders CQDs to be exploited 
as alternative materials of inorganic quantum dots (QDs) in many applications. 
While various top-down or bottom-up approaches have been introduced for 
the synthesis of CQDs in high mass yield, microwave-assisted bottom-up 
synthesis of CQDs from polyamidation monomer set is very effective because 
various natural or synthetic ABx or Ax/By polyamidation monomer set (A: -
COOH, B: -NH2) could be effectively utilized for the synthesis of CQDs with 
precise control of their surface functionalities and optoelectrical performance. 
Prepared CQDs are highly soluble in solvent media, strongly fluorescent 
(photoluminescence quantum yield up to 50%), highly nontoxic in 



physiological environments up to the concentration of 1 mg/mL, which is 
revealing that CQDs synthesized from simple microwave operation of 
polyamidaiton monomer set are highly promising in various applications 
including fluorescent cellular imaging, fluorescence on/off sensors, up-
converting top layers on solar cells, fluorescent polymer nanocomposites, etc. 
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Catalytic activation of amphiphilic Janus microparticles at the oil-water 
interface 

Jaehong Cho1, jaehong2_@naver.com, Hyeri Kim1, Jangwoo Cho1, Jin 
Woong Kim2,3. (1) Bionano technology, Hanyang University, Ansan, Korea 
(the Republic of) (3) Chemical and molecular engineering, Hanyang 
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Janus particles, having two distinct anisotropies in composition or 
physicochemical property, have been used widely for fabrication of advanced 
materials, such as anisotropic building blocks for supra-nanostructures, optical 
biosensors, functional colloid surfactants and switchable display devices. This 
study introduces a straightforward method for synthesis of anisotropically 
metal catalyst-decorated Janus microparticles. For this, we first synthesize 
amphiphilic Janus microparticles by using the seeded monomer swelling and 
consecutive polymerization. To provide electrical property to one of bulb 
surfaces, the vinyl acetate in the polystyrene seed bulb is transferred to vinyl 
alcohol by saponification. Then, magnetic nanoparticles(NPs) and palladium 
NPs are selectively attached on one of the bulbs of the Janus microparticles. 
We then demosntrate that our Janus microparticles act as a catalyst for the 
chemcial reaction system in which the hydrophilic reactant is effectively 
transferred to the hydrophobic product through the catalytic reaction at the oil-
water interface, thus forming a Pickering emulsion. The Pickering emulsion 
product is easily recovered by applying the external magnetic field, which 
make our reaction system environmetally friendly. We finally show that our 
synthetic approach is widely applicable for the Suzuki reaction, 
oxidation/reduction reaction, and hydrogenation reaction. 

 



 
 
Fig. 1 (A) Schematic illustration of fabrication of functional NPs-patchy Janus 
microparticles. (B) SEM image of magnetic NPs-patchy Janus microparticles (C) 
Bright field scope image of Pickering emulsion drops stabilized by Janus 
microparticles. 
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Biomimetic cancer cell membrane coated PMOs (CCPMOs) for efficient 
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Kholod Alamoudi, kholod.alamoudi@kaust.edu.sa, Jonas Croissant, Niveen 
M. Khashab. KAUST, Thuwal, Saudi Arabia 

Emerging bioinspired nanomaterials have attracted a remarkable attention in 
the research and pharmaceutical communities. Such nanoparticles have the 
ability to migrate and bind preferentially to the target cancer cell followed by 
stable drug delivery. Among other nanohybrids, periodic mesoporous 
organosilica (PMO) nanoparticles provide a delivery vehicle due to their 
physicochemical properties. The therapeutic efficacy of PMO nanoparticles is 
mainly dependent on their high stability and exceptional loading capacity of 
wide range of payloads, however; they show low dispersibility and cell 
targeting efficiency. In this study, we are taking an advantage of the natural 
cancer cell membrane properties such as cell-cell homotypic adhesion, full 
biocompatibility and zero immunogenicity to form a new type of biomimetic 
cancer cell membrane-coated PMO (CCPMO) nanovehicles. CCPMOs 
obtained with colon cancer cell membrane and were fully characterized. The 
cytotoxicity, dispersibility, cellular uptake, and targeting efficiency were 
evaluated. The cancer cell membrane surface coating of the PMOs showed a 
significant improvement of the targeting specificity. CCPMO nanovehicles are 



thus envisioned for many other biomedical applications as a new generation 
of nature inspired nanohybrids. 
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In situ monitoring of cation exchange reactions in semiconductor 
nanocrystals 

Johnathan W. Campbell, Alexander L. Morris, Chen Lin, Paul G. Van Patten, 
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Murfreesboro, Tennessee, United States 

Cation exchange is rapidly developing as a synthetic tool for the production of 
complex nanostructures. We have investigated partial cation exchange with 
Ag(I) in PbS nanocrystals and have observed unusual behavior as increasing 
amounts of Ag are introduced into the system. Specifically, ex situ x-ray 
fluorescence measurements reveal that the composition of the final product 
varies in a complex manner with the amount of Ag introduced. At low Ag:Pb 
ratios, essentially all the Ag incorporates into the nanocrystals, consistent with 
a very high equilibrium constant for the reaction. As increasing amounts of Ag 
are introduced into the system, the level of Ag incorporated into the 
nanocrystals appears to saturate at a Ag:Pb atom ratio of 1:1. Once the 
overall Ag:Pb mole ratio in the reaction mixture exceeds approximately 3:2, 
the large equilibrium constant appears to be restored, and complete exchange 
is possible with mole ratios slightly in excess of 2:1. Moreover, electron 
microscopy studies show that in the partial exchange regime, particle sizes 
and shapes are subject to changes that are not typically observed in complete 
exchanges. Experiments in which partial exchange conditions are followed by 
complete exchange without interim purification steps suggest that the 



observed morphological changes occur during purification when the particles 
are highly concentrated and even in contact with one another in a solid pellet. 
Together, these results have inspired us to adapt recently developed methods 
for in situ monitoring for our cation exchange reactions. The first results of 
these experiments will be presented here along with the insights gained 
relative to the partial exchange anomalies described above. 
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Previously, zinc-doped iron oxide nanoparticles (IONPs) were demonstrated 
to exhibit a two-fold greater magnetic moment compared to their undoped 
counterparta. The increased magnetic moment could potentially make these 
IONPs ideal for both MRI and hyperthermia treatment. Here, we report doping 
of iron oxide with Zn and Co ions via thermal decomposition of corresponding 
oleates at 340 °C in inert atmosphere followed by oxidation in air at 200 °C in 
the reaction solution. The reaction products are monodisperse IONPs with 
diameters of 20-24 nm. The influence of the dopant amount on the IONP 
structure has been studied. X-ray powder diffraction (XRD) analysis revealed 
the Zn doped IONPs consist of magnetite-maghemite, similar to that of 
undoped IONPs. The presence of zinc did not alter the spinel crystal structure. 
In the case of Co-doping, the XRD pattern contains reflections located in the 
similar positions as those of the spinel structure. However, a change in the 
relative intensities indicates the presence of Co oxide along with the spinel 
structure. X-ray photoelectron spectroscopy (XPS) analysis showed that Zn-
containing samples display enrichment of the nanoparticle surface with Zn, 
while deeper IONP layers are enriched with Fe. This reflects different rates of 
Zn and Fe oleate decomposition. On the contrary, for Co-doping, this effect is 
not observed. To estimate the magnetic response, the IONPs synthesized 
were placed near a neodymium magnet. The Zn-doped samples showed a 
complete separation from the chloroform (good solvent) solution within forty 
minutes, while undoped and Co-doped IONPs showed only partial separation 



within 24 hours. Functionalization of these doped IONPs with PEGylated 
phospholipids containing different terminal groups allows for the development 
of universal bioprobes with enhanced MRI and hyperthermia responses. 
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Reconfigurable electric field directed nanoparticle assembly 

Nicole Famularo3, nicolefamularo810@gmail.com, Sarah J. Boehm3, Xuexue 
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College, Pennsylvania, United States 

Ordered arrays of nanoparticles often have interesting collective function 
relevant for applications like opto-electronic devices, optical cloaking, and 
metamaterials. The collective function of nanoparticle assemblies can be 
tuned by controlling the hierarchical structure of nanoparticle arrays, which is 
ultimately dictated by the driving forces of the assembly. The application of 
electric fields is particularly useful for directing nanoparticle assemblies 
because it allows for real-time control over the electric field-induced driving 
forces. Reconfigurable particle assemblies can be achieved by adjusting the 
electric field parameters or toggling the field on and off. Here, we implement 
lithographically patterned features and electrode geometries to direct the 
nanoparticles to areas of high or low field gradient by dielectrophoresis (DEP). 
Partially etched nanowires (PENs), consisting of alternating metallic and 
solvent-filled etch segments encased in a silica shell, are practically relevant 
for applications like reconfigurable metamaterials, but have complicated 
assembly behavior relative to the metal and dielectric particles typically 
assembled by DEP. To elucidate the design structure-assembly behavior 
relationship, we investigated the effect of various design parameters such as 
metallic segment length and spacing, total volume of metal, metal to dielectric 
volume ratio, and the number of metallic and etch segments on the collective 
assembly organization at different electric field conditions. Rationally 
designing the striping pattern can aid the realization of desired hierarchal 
structures, which is extremely useful for applications like reconfigurable 
devices. 
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Simple route to prepare sub-100 nm plasmonic vesicles for drug delivery 
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Sub-100 nm vesicles are attractive vehicles for bioimaging and drug delivery 
due to their enhanced permeability and retention effects. We present a simple 
method to prepare sub-100 nm plasmonic vesicles assembled from gold 
nanoparticles tethered with amphiphilic block copolymers. The vesicular 
structures are stable in aqueous environment. The size of vesicles can be 
controlled in the range of 66.3-285.0 nm by turning the length of polymers and 
size of nanoparticles. We demonstrated the encapsulation of model drugs in 
the sub-100 nm vesicles and externally controlled release of payload upon 
laser irradiation. Moreover, the sub-100 nm vesicles showed a significantly 
improved efficiency in cell internalization compared with the larger ones. 
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Binary mixed self-assembled monolayers derived from ammonium-
terminated adsorbates on gold for oligonucleotide immobilization 

Johnson Hoang2, johnsonh713@yahoo.com, Chulsoon Park1, Han Ju Lee1, 
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This presentation describes the formation of binary self-assembled 
monolayers (SAMs) on gold for immobilizing and delivering oligonucleotides 
through the use of electrostatic interactions. Four different ammonium-
terminated dithiol adsorbates bearing short and long alkyl spacers were 
synthesized and characterized. The mixed SAMs generated from these 
adsorbates were characterized using ellipsometry, polarization modulation 
infrared reflection-absorption spectroscopy (PM-IRRAS), electrochemical 
quartz crystal microbalance (eQCM), and X-ray photoelectron spectroscopy 
(XPS). These studies allowed for an evaluation of the loading of 
oligonucleotides on the surface as a function of the thickness and distribution 
of the ammonium moieties present at the interface. 
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Pressure-induced hetero-dimer and hetero-rods formation through 
intraparticle coalescence of QD-Au satellite nanocrystals 
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Hybrid nanocrystals (HNCs) which include multiple nano-composites attract 
great interest owing to their structural uniqueness and combined properties. 
The unique morphology of HNCs provides the opportunity to undergo 
structural transformation into new controlled morphology. For the first time, we 
present the detailed pressure processing of HNCs superlattices (HNC-SLs) 
self-assembled from quantum-dot-Au (QD-Au) HNCs. By simultaneously 
measuring in situ synchrotron-based small/wide angle X-ray scattering 
(SAXS/WAXS), structural transformation of QD-Au HNCs at both atomic and 
SL level were revealed. In situ SAXS and WAXS showed that during pressure 
processing both atomic and SL underwent permanent structural 
transformation. The migration and coalescence of Au NCs were observed on 
the QDs’ surface during the pressure-processing. Due to the deviatoric stress 
along different SL axes, two different unique hetero-structures, hetero-dimers 
and hetero-rods were obtained. Mechanistic studies showed an interesting 
pressure-induced ‘two-step’ structural transformation process. These results 
suggest that HNCs can be converted into novel hetero-structures under high 
pressure, which serves as a unique technique for fabrications of novel hetero-
nanostructures that are difficulty to achieve through conventional synthesis 
methods. 
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Here, we report the development of novel hyperthermia agents whose action 
is combined with drug delivery. These agents are based on iron oxide 
nanoparticles (NPs) coated with oleic acid and functionalized with two types of 
amphiphilic copolymers: (i) alternating poly(maleic-anhydride-alt-1-
octadecane) modified with poly(ethylene glycol) tails (PMAOD-PEG) and (ii) 
multiblock copolymer containing poly(ethylene glycol) and polytetrahydrofuran 
blocks (PEG600PTHF650). With these NPs we studied uptake and release of 
Rhodamine B base, which mimics the antitumor drug doxorubicin. The 
mechanism used to release the Rhodamine B base is heating, similar to 
hyperthermia action under the alternating magnetic field. For PMAOD-PEG 
coated NPs, this causes the bilayer to dissociate and release the drug. The 
amounts of Rhodamine B base absorbed and released depend on the NP size 
and the length of the PEG tails. In the case of PEG600PTHF650 coated NPs, 
the release upon heating is minor while uptake is noticeable. The minor 
release is due to low glass transition temperature of the hydrophobic block, so 
heating does not trigger release. Thus, we employed a change of a 
hydrophilicity/hydrophobicity balance imitating the passage through a cell wall 
to release Rhodamine B base. In this presentation we provide comparison of 
two types of functionalization for successful hyperthermia/drug delivery 
agents. 
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Two-dimensional nanosheet antioxidants 
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Transition metal dichalcogenide (TMD) nanosheets were effectively exfoliated 
by amphiphilic polymers under mild sonication in aqueous solution. The 
exfoliated TMD nanosheets showed their characteristic UV absorption and 
photoluminescence responsible for direct band gaps in visible range. As-
prepared TMD nanosheets exhibited excellent antioxidant activities and higher 
photo and thermal stability as compared with an organic antioxidant Trolox 
(vitamin E). 
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Three-dimensional periodic silicon-based nanostructures have shown unique 
optical, electrical, and mechanical properties, however these types of 
structures remain difficult to fabricate in a facile manner. Nanosphere 
lithography is a simple, high-throughput technique to form large-area, close-
packed monolayer arrays of nanospheres. These arrays can be directly used 
as etching masks to generate silicon-based nanostructures. Typically, the 
nanostructures produced are created by single etches of the nanosphere 
array mask. Here, we report multiple patterning nanosphere lithography, 
which enables size tuning of the nanostructures in three dimensions utilizing 
the nanospheres for multilayer masking throughout multiple rounds of etching. 
By exploiting the degradable nature of polystyrene during reactive ion etching, 
we have fabricated large-area three-dimensional periodic silicon 
nanostructures. These hierarchical nanostructures can be tailored to be tiered 
with independent tunability in height and diameter at each level. More 
complex tube structures have also been produced by combining metal 
deposition with subsequent reactive ion etching. Research is underway to 
investigate these silicon nanostructures as templates for periodic plasmonic 
nanostructures in three dimensions as well as for non-viral transfection for 
gene editing in cancer immunotherapy. 
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Quantum dot absorptive filter array based shortwave infrared 
miniaturized spectrometer 

Jason Yoo, jasonyoo30@gmail.com, Jessica Carr, Justin Caram, Moungi G. 
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Massachusetts, United States 

Although traditional spectroscopic techniques offer broadband, high-resolution 
capability, they typically require cumbersome dispersive optics with moving 
parts to achieve the necessary resolving power and sensitivity. However, 
dispersive optics based spectrometers are bulky, expensive, and fragile. As 
such, the traditional techniques are not suitable for air or space vehicle 
applications due to the strict size and weight requirements of these platforms. 
Especially, spectrophotometry at shortwave infrared (SWIR) wavelengths of 



light is of particular interest to geologists and environmental scientists who 
have shown it to be a useful tool for predicting soil texture distribution, 
detecting mineral deposits, quantifying clay mineral content, and 
differentiating between native and invasive plant species. To that end, we 
report a miniaturized SWIR spectrometer that is based on a quantum dot 
absorptive filter array. First, a library of quantum dots with absorption features 
spanning across the SWIR are synthesized and each batch is dispersed in a 
polymer matrix. The polymer prevents quantum dots from aggregating in high 
loading and these composites are deposited onto a lithographically patterned 
microwell to form a tightly spaced filter array. The filter array is calibrated to 
generate the “training data” and this calibration file is used to reconstruct a 
spectrum of interest. This SWIR spectrometer has significant advantages over 
conventional spectrometers, such as small form-factor for portability, 
robustness due to the absence of expensive and fragile dispersive optics, and 
quick acquisition due to the multiplexed filter array from which any arbitrary 
spectrum can be detected without scanning and be deconvoluted using a 
sophisticated algorithm. 

 
 
Schematic illustration of quantum dot filter array based spectrometer 
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Hybrid particles with cerium oxide (CeO2) core and high-density poly-methyl 
methacrylate (PMMA) brushes were prepared and the thin film of hybrid 
particles with close-packed structure was fabricated. Moreover, the chemical 
interaction between the surface of CeO2particles and polymer was 
investigated by X-ray absorption spectroscopy (XAS) method. Figure 1 shows 
the scanning electron microscope (SEM) images of the fabricated film with (a) 
CeO2 particles and (b) hybrid CeO2 particles with PMMA brushes. The hybrid 
CeO2 particles with PMMA brushes which was used (2-bromo-2-methyl) 
propionyloxyhexyltriethxysilane (BHE) as a silane coupling agent showed a 
good dispersibility in organic solvents and formed almost the hard-sphere 
shape. Furthermore, the monolayer film with close-packed structure could be 
fabricated by self-assembly process which originated from the surface 
modification of CeO2. The change of chemical state of Ce has been observed 
by XAS measurement and suggests the existence of chemical interaction 
between Ce on the surface of CeO2 and the polymer (BHE and PMMA). 

 
Fig.1 SEM images of the fabricated films with (a) CeO2 particles and (b) hybrid 
CeO2 particles with PMMA brushes 
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X-ray reflectivity (XRR) is an important technique for the structural 
characterization of thin films such as film thickness, interfacial width, and 
interfacial roughness with sub-nanometer accuracy. We have designed the 
XRR measurement system at Kyushu University Beamline (KUBL, SAGA-LS, 
Japan) with tender X-rays, which are intermediate energy between soft and 
hard X-rays. Most of polymer materials are including the important element 
such as sulfur and chlorine which are the low atomic number elements. The 
energy range of tender X-ray (2100 – 4000 eV) includes the X-ray absorption 
edges of these low atomic number elements. Therefore, resonant XRR is 
useful to clarify the structural properties of heteroepitaxial interface of multi-
layer films. 
Figure 1 shows (a) XRR measurement system installed at KUBL and (b) the 
reflected X-ray intensity as a function of incidence angle for 
poly(diallyldimethylammonium chloride) and poly(sodium 4-styrene sulfonate) 
multi-layers film on the Si substrate at 2470 eV. Both of the sample and 
detector were kept in the helium atmosphere. Kiessig fringes could be 
observed even if the incident X-ray energy changes. 

 



 
Figure 1 a) XRR measurement system and b) X-ray reflectivity of thin film measured 
at 2470 eV. 
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Mutations of the BRAF gene are associated with many human cancers 
including melanoma, breast cancer, gliomas, and others. The BRAF gene 
encodes the protein B-Raf, or serine/threonine-protein kinase B-Raf, an 
important signaling protein in cellular growth. The current treatment options for 
these cancers include surgery, chemotherapy, and radiation. Dabrafenib is a 



drug used to inhibit B-Raf proteins and has shown promising inhibition of 
cancer cell growth with a specific BRAF V600E mutation. The goal of our 
study is to develop a controlled release delivery system for dabrafenib 
avoiding its devastating side effects and damage to healthy tissues. In this 
work, we have utilized gold nanoparticles as the carriers for dabrafenib 
delivery. The gold nanoparticles were functionalized with a self-assembled 
monolayer (SAM) of mercaptobenzoic acid (MBA) and dabrafenib covalently 
bound via an amide bond to the MBA-SAM. This bond is stable at 
physiological pH but it is cleaved at a low pH. The surface-enhanced Raman 
spectroscopy (SERS) indicates that at a pH of 5.5, the MBA signals increase 
in intensity over time while no change in MBA signal was observed at 
physiological pH of 7.4. This increase of MBA signal is due to the amide bond 
breaking and drug release, resulting in the MBA exposure. The in vitro studies 
involved the breast cancer cell line MDA-MB-231. The cells were transfected 
with drug-loaded functionalized AuNPs. The Muse Cell Analyzer was used for 
assessment of phosphorylated histone H2AX via capillary-based flow 
cytometry. The results were analyzed using multi-color DNA damage module 
of the Muse software analysis package. The proposed new controlled drug 
release system based on gold nanoparticle carriers can be utilized for 
targeted delivery of dabrafenib in treatment of melanoma, breast cancer, and 
other high-grade or metastasized BRAF cancers. 
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Isothermal reversible softening and hardening of polymer gels and 
networks based on a photo-triggered repeatable macromolecular 
architectural transformations 

Satoshi Honda, c-honda@mail.ecc.u-tokyo.ac.jp, Nobuaki Tanaka, Taro 
Toyota. Department of Basic Science, The University of Tokyo, Tokyo, Japan 

Softening and hardening of materials are the most fundamental changes 
observed in our daily life, yet the design of organic and polymeric soft 
materials showing isothermal reversible softening and hardening (IRSH) 
remains challenging. Here, we demonstrate that light-triggered repeatable 
macromolecular architectural transformation (MAT) between star and network 
polymers enables IRSH of polymer gels and networks. Thus, liquid four-armed 
star-shaped poly(n-butyl acrylate) and poly(dimethyl siloxane) with 2,4,5-
triphenylimidazole (lophine) end groups were first synthesized. Subsequent 
oxidation of the lophines into triphenylimidazoryl radicals (TPIRs) and their 
coupling with these star polymers to form hexaarylbiimidazoles 
(HABIs) afforded the corresponding network polymers. It is known that the 



covalent bond between the two imidazoles in HABI is cleavable by UV 
irradiation, leading to the production of a pair of TPIRs which readily recouple 
with each other to again form HABI. We envisioned that this UV-responsive 
cleavage and reformation of a covalent bond in HABI can work for repeatable 
MAT. Interestingly, either liquefaction or softening of the resulting polymer 
gels and networks were observed by irradiating UV to these materials and the 
state reverted after terminating UV irradiation. Details and mechanisms 
underlying the present light-triggered repeatable MAT will be discussed in the 
presentation. 
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Characterizing molecular diffusion through nanopores using 
nanoporous anodic alumina waveguides 

Ana Sousa1, ana.sousa@strath.ac.uk, Jakub Dostalek2, King Hang Aaron 
Lau1. (1) University of Strathclyde, Glasgow, United Kingdom (2) Austrian 
Institute of Technology, Vienna, Austria 

Biological nanopores control the specific transport and sequestration of 
diverse biomolecules between different biological compartments. Mimicry of 
such pores could open up highly selective and efficient molecular separation. 
While current techniques such as nanopore analytics focus on using small 
pores (<10 nm) for controlling and sensing single molecules, the 
characterisation and control of the molecular separation and mass transport of 
biomacromolecules (e.g. proteins) using larger nanopores are less developed. 
Towards developing such nanopores for biomacromolecular transport, we 
demonstrate how the diffusion of fluorescent labelled proteins through 
nanopore channels may be tracked by exploiting nanoscale confined 
illumination in a nanoporous planar optical waveguide. We fabricate 
nanoporous anodic aluminium oxide (AAO) waveguides with pore diameters 
matching those of the nuclear pore complex found on the membrane of the 
cell nucleus (30-50 nm). The pores were functionalised with poly(ethylene 
glycol) (PEG) to decrease the nonspecific binding of proteins. The diffusion of 
proteins of different sizes and net charges as well as free dyes was 
characterised. As control, the pores were constricted (closed) by addition of a 
crosslinked organic matrix (poly(tannic acid)) in order to measure the diffusion 
of the molecules only on the surface of the AAO film. 
As expected, the surface diffusion on top of the closed pores, simulating the 
absence of nanopores, showed similar kinetics for all molecules despite their 
differences in size. On the other hand, the diffusion of the free dye through the 
open pores is faster than for the proteins. In addition, proteins with the same 



molecular weight but different net charges showed different kinetics because 
of electrostatic interactions that can restrict pore entry. Our technique brings a 
new concept of measuring molecular diffusion through nanopores which can 
be invaluable for the development of biomimetic macromolecular transport. 
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Carbon nanotubes decorated with fluorophores as photothermal agents 
for efficient killing of antibiotic resistant bacteria 

Betul Altin1, betulaltin@sabanciuniv.edu, Hayriye Unal2. (1) Faculty of 
Engineering and Natural Sciences, Sabanci University, Istanbul, Turkey (2) 
Nanotechnology Research and Application Center, Sabanci University, 
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Conventional biochemical treatments are most often inadequate to prevent 
economic and medical losses caused by pathogenic bacteria mostly due to 
the antibiotic resistance these bacteria have developed. Photothermal agents 
that can absorb laser irradiated light and convert this energy into heat provide 
an efficient alternative physical method to kill antibiotic resistant bacteria by 
causing the lysis of cells through elevations in local temperatures. In this 
study, nanohybrid materials composed of carbon nanotubes (CNTs) 
functionalized with fluorophores to improve light absorbing capacity of CNTs 
are presented as photothermal agents. Arrays of fluorophores self-assembled 
on a DNA wrapped CNT scaffold acted as an antenna to absorb light energy 
which is then transferred to CNTs and released in the form of heat by causing 
enhanced temperature elevations. Noncovalent interactions forming the 
CNT/fluorophore nanohybrids were confirmed by changes in the shape, 
position and the intensity of the absorbance spectra of individual nanohybrid 
components indicating alterations in electronic structures. The quenching of 
fluorophores upon binding to CNTs characterized by fluorescence 
spectrophotometry was designated to a high potential in photothermal 
conversion efficiency. The photothermal activity of prepared CNT/fluorophore 
nanohybrids was characterized in terms of the increase in the dispersion 
temperature upon irradiation with NIR laser. Continuous NIR laser irradiation 
of CNT/fluorophore nanohybrids for 15 minutes induced local temperatures up 
to 50°C. Prepared CNT/fluorophore nanohybrids were further investigated in 
terms of their killing efficiency on bacteria. When irradiated with NIR laser in 
the presence of CNT/fluorophore nanohybrids, Staphylococcus aureus cells 
demonstrated significantly reduced viability as compared to cells irradiated in 
the presence of only CNTs indicating that functionalization with fluorophores 
improved the photothermal activity of CNTs. CNT/fluorophore nanohybrids 



presented here are promising candidates as nanoheaters in efficient killing of 
antibiotic resistant bacteria. 
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Novel wax dispersant for single emulsion phase stabilization of 
simulated waxy crude oil 

Methasit Lukkanasiri, look_hin@windowslive.com, Ampira Charoensaeng, 
Uthaiporn Suriyapraphadilok. The Petroleum and Petrochemical College, 
Chulalongkorn University, Bangkok, Thailand 

One of the most challenging problems in petroleum pipeline transportation is a 
wax deposition, which can cause plugging problems leading to abnormal 
operation and shutdown for maintenance. The presence of wax in crude oils, 
like paraffin, will precipitate and deposit in the pipeline when the ambient 
temperature drops below the wax appearance temperature (WAT). Emulsion 
formation is one of the technologies to retard wax deposition using a 
dispersant/surfactant to prevent the crystallization process of wax. In this 
research, the novel mixed anionic and nonionic surfactant systems, 
comprising of anionic internal olefin sulfonates (IOS) series with different alkyl 
chain lengths (C15-19, C19-23 and C24-28 IOS) and nonionic alcohol 
ethoxylate series (AE-EO1, AE-EO3, AE-EO5, and AE-EO9) were used for 
stabilization and dispersion of waxes. The Water-in-Oil emulsion (W/O) 
systems were simulated via the mixture of mineral oil and paraffin wax as an 
oil phase, and API brine solution as a water phase, and stabilized by 
surfactant systems. The results showed that the mixed surfactant systems of 
AE-EO3 and C24-28 IOS performed as an excellent dispersant for simulated 
waxy crude oil owing to the synergism effect between mixed surfactants. The 
presence of AE-EO3 improved the dissolving property in water of surfactant 
due to its hydrophilicity while the longer chain anionic surfactant, C24-28 IOS 
improved the dissolving property in the oil phase due to its hydrophobicity. 
The mixed AE-EO3 and C24-28 IOS system showed uniform droplet sizes 
that are well dispersed in emulsion phase through the polarized light 
microscopy study. However, the emulsion stability of the systems decreased 
when the total concentration of mixed surfactant decreased and it also 
decreased when the concentration of surfactant was higher than the optimum. 
In addition, the effects of emulsion formation on viscosity, interfacial tension, 
and morphology of the emulsion will be discussed to further understanding of 
surfactant/dispersant selection for controlling the wax precipitation in crude oil 
transportation. 
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Second harmonic generation spectroscopy of substrate-based 
surfactant free gold and silver nano-hemispheres 

Tim Marshall1, tim.marshall@temple.edu, Yaroslav Aulin1, Kyle Gilroy3, 
Svetlana Neretina4, Eric Borguet2. (1) Chemistry, Temple University, 
Gilbertsville, Pennsylvania, United States (2) Department of Chemistry, 
Temple University, Philadelphia, Pennsylvania, United States (3) Georgia 
Institute of Technology, Atlanta, Georgia, United States (4) University of Notre 
Dame, Notre Dame, Indiana, United States 

Plasmonic nanomaterials are well known for their optical properties, which 
have been largely studied using linear spectroscopy. Time resolved second 
harmonic generation (SHG), a second order nonlinear optical phenomenon, 
from substrate-based, surfactant-free gold and silver nano-hemispheres can 
yield the plasmon dephasing time. The SHG signal was collected in 
transmission and reflection configurations while varying the angle of the 
incidence of the ultrafast laser beam. By varying the angles of incidence and 
the polarization, the longitudinal and transverse plasmons can be accessed to 
different degrees. This opens the door to further understanding the properties 
of plasmonic nanomaterials that could provide applications in solar-energy 
induced photocatalysis. 
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Characterization of polymer/inorganic-nanoparticles composite by using 
small-angle x-ray scattering and x-ray absorption spectroscopy 

Maiko Nishibori1, nishibori.maiko.511@m.kyushu-u.ac.jp, Tomomi 
Takahashi2, Yuki Ushio2, Koichi Suematsu1, Kazutaka Kamitani3, Tomoyasu 
Hirai3, Atsushi Takahara3. (1) Faculty of Engineering Sciences, Kyushu 
University, Kasuga, Fukuoka, Japan (2) Interdisciplinary Graduate School of 
Engineering Sciences, Kyushu University, Kasuga, Fukuoka, Japan (3) 
Institute for Materials Chemistry and Engineering, Kyushu University, 
Motooka, Fukuoka, Japan 

Polymer-inorganic nanocomposite thin film is widely used for electric devices 
and optical devices. For the composite film-type devices using a polymer filled 
with ceramics particles, the role of polymer and the interfacial interaction are 
important to enhance their functionality as well as the macro structure of film. 
In this study, the mono-dispersed spherical-cerium dioxide (CeO2) and 



polyvinylpyrrolidone (PVP) composite, CeO2-PVP, having the core-shell 
structure was characterized by using small-angle x-ray scattering and 
investigated about the function of non-crosslinked PVP in aqueous solution. 
The thin film with opal structure was fabricated by using CeO2-PVP 
composites and evaluated the particle arrangement and the mixing ratio of 
polymer/particles quantitatively. Furthermore, the change of chemical state of 
Ce on the interface between CeO2 and PVP was observed by x-ray 
absorption spectroscopy measurement. 
Figure 1 shows (a) the SEM image of assembled film prepared with CeO2-
PVP particles and (b) the schematic of CeO2-PVP particle estimated by DLS 
and SAXS measurements. This results suggests that the shell thickness of 
this CeO2-PVP particle depends on the amount of Free-PVP adsorbed to 
crosslinked PVP. 

 
 
Figure 1 (a) SEM image of assembled film prepared with CeO2-PVP particles and (b) 
schematic of CeO2-PVP particle estimated by DLS and SAXS measurements. CS 
means centrifugal separation. 
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Two-component micelle with mixing dilauroyl phosphocholine(DLPC) 
and deoxycholic acid(DA) and its delivery of proteins into the cytosol on 
the pH responsiveness 

Noriko Miyamoto1, v4dab002@eng.kitakyu-u.ac.jp, Shota Fujii3, Kazuo 
Sakurai2, Kazunori Koiwai4, Naoki Sakaguchi4. (1) Aichi Institute of 
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Kitakyushu Fukuoka, Japan (3) University of Kitakyushu, Fukuoka, Japan (4) 
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Providing appropriate pH responsiveness for drug delivery nanoparticles is 
one of the major issues in developing a new generation of delivery systems. 
When phosphocholine and a bile acid were mixed, the resultant two-
component micelle gained pH responsiveness, while the individual 
components did not show any such responsiveness. The pH responsiveness 
was shown to be determined by the chemical structure, especially the 
positions and chirality of the OH groups, of the bile acid, and the sensitivity 
was determined by the alkyl chain length of the phosphocholine. The best 
combination for evading endocytosis was dilauroyl phosphocholine (DLPC) 
and deoxycholic acid (DA). Small-angle X- ray scattering revealed that the pH 
responsiveness was related to the change of surface hydrophobicity, namely, 
decreasing pH led to protonation of the carboxylic acid, resulting in 
aggregation of the preceding micelles. We assume the micelle that become 
hydrophobic in this way can start interacting with the endocytotic bilayer, 
which eventually leads to rupture of the endocytotic vesicle. This mechanism 
is well supported by the finding that fluorescein-conjugated ovalbumin proteins 
were transported into the cytosol when they were co-administered with 
DLPC/DA. 
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Developing a tunable copper indium sulfide (CIS) nanocrystal synthesis 
using thiourea precursors 

Steven Hughes, stevenhughes@gmail.com, Ariel Cohen, Mark 
Maust. Chemistry, Roanoke College, Salem, Virginia, United States 

In this work we demonstrate the use of substituted thioureas as sulfur 
precursors for the synthesis of copper indium sulfide (CIS) nanocrystals. CIS 
has become a very popular cadmium-free, ternary nanocrystal system due to 
it’s simple synthesis and reproducibility. In the traditional method, copper and 
indium salts are added to dodecanethiol (DDT) and rapidly heated to about 
200 oC. This heat up method, however offers little in the way of tunability for 
size and shape. This is a result of the DDT acting as solvent, sulfur precursor, 
and ligand. By replacing the solvent with a non-coordinating compound such 
as octadecene, and moving towards an injection method using thioureas, we 
have demonstrated a more flexible reaction method. As an additional bonus to 
this methodology, the reactivity of the thioureas also allows the reaction to 
take place at lower temperatures. Finally, incorporation of zinc into the crystal 
structure has also been used to enhance the fluorescence. Particles have 
been characterized by TEM and XRD for shape and structural analysis, as 
well as optical absorption and emission. 
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Surface catalyzed C-C bond formation through dehydrogenation and 
dehydrocyclization pathways 

Christopher G. Williams1, Chrshigf@gmail.com, Miao Wang2, Christopher 
Tempas1, Tobias Morris1, David Wisman3, Larry L. Kesmodel4, Steven L. 
Tait1,2. (1) Chemistry, Indiana University, Bloomington, Indiana, United States 
(2) Physics, Indiana University, Bloomington, Indiana, United States 

The formation of covalently-linked, functional organic surface structures 
through surface-catalyzed reactions and assembly is a potential route to next-
generation sensors, catalysts, and electronics. As the complexity of molecular 
building blocks increases to direct ordering and function, thermal stability of 
the adsorbate often increases opening up new surface-catalyzed reaction 
pathways. We report dehydrocyclization of octaethylporphyrin (OEP) to 
tetrabenzoporphyrin (TBP) on the Cu(100) and Ag(111) surfaces at 500 K and 
600 K, respectively. Dehydrocyclization of smaller species is not typically 
observed on these surfaces at low pressure due to short adsorption lifetimes. 
The surface species are characterized by high-resolution electron energy loss 
spectroscopy (HREELS), scanning tunneling microscopy (STM), and X-ray 
photoelectron spectroscopy (XPS). These results extend our understanding of 
reaction pathways that become possible as molecular building blocks increase 
in size. We have now applied this reaction scheme to the dehydrogenation of 
peripheral alkyl groups in 1,3,5-tris-(3,5-diethylphenyl)benzene (TDEPB) to 
create covalently linked structures on Cu(100) and Au(111). These results 
demonstrate strategies for applying principles of molecular building block 
design and the catalytic activity of a metal surface to develop new surface 
functionalization. 
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High density covalent functionalization of graphene from hyper-stage-1 
graphite intercalation compound 

Intak Jeon1, itjeon@mit.edu, Bora Yoon2, Maggie He2, Timothy M. 
Swager2. (1) Materials Science and Enginnering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States (2) Chemistry, 
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States 



Single layer graphene is a nearly transparent two-dimensional 
honeycomb sp2 hybridized carbon lattice, and has received immense attention 
for its potential application in next-generation electronic devices, composite 
materials, and energy storage devices. This attention is a result of its 
desirable and intriguing electrical, mechanical, and chemical properties. 
However, mass production of high-quality, solution-processable graphene via 
a simple low-cost method remains a major challenge. Covalent chemical 
functionalization of the π-electron system of graphene leads to profound 
changes in its properties and is crucial for the broad class of materials with 
new enhanced functionalities. Most work to date has focused on the use of 
graphene oxide which does require initial oxidative uncontrollable damage of 
the graphene basal planes. Recently, electrochemical exfoliation of graphite 
has attracted attention as an easy, fast, and environmentally friendly approach 
to the production of high-quality graphene. This route solution phase approach 
complements the original micromechanical cleavage production of high quality 
graphite samples and also involved a chemically activated intermediate state 
that facilitates functionalization. We report on the first full hyperstage-1 
graphite intercalation compound without oxygenated reactions and structural 
deterioration on graphene surface. The hyper-stage-1 graphite intercalation 
compound with high density tetrabutylammonium intercalants/spacers had an 
effect on the functionalization efficiency since the degree of weaken van der 
Waal coupling would be weekend to great degrees. The hyper-expansion and 
charging of the graphite by intercalation of cations facilitated the 
functionalization of the graphene basal surfaces. Through the increased 
accessibility of functional molecules into graphene interlayers (d-spacing of > 
15.3 Å), in-situ high density covalent functionalization on each graphene 
surface was achieved by organic diazonium salts. They showed improved 
redispersibility in organic solvents. 
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Bioconjugated graphene quantum dots (B-GQDs) nanoprobe synthesis 
for imaging applications 
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Bioconjugated Graphene Quantum dots (B-GQDs) are single-layered edge 
functionalized nanometer-sized graphene molecule. Such quantum dots are of 
great interest as one of the most promising and emerging bioactive 
fluorescent labels for biological and medical imaging. Owing to the 
luminescence stability, biocompatibility, nanosecond lifetime, low toxicity, and 
high water solubility, these B-GQDs are also demonstrated to be an excellent 
nanoprobe for applications such as sensing and immunoassay. Here, we 
report, for the first time, the synthesis of such conjugates of B-GQDs 
functionalized with succinimidyl esters and maleimide groups via coupling of 
carboxylate GQDs. Based on the data from the Fourier Transform IR and 
UV/Vis spectroscopy, it is found that these GQDs are indeed functionalized 
with succinimidyl esters and maleimide groups. It is proposed that these 
nanoprobes can react with lysine (through succinimidyl esters) and cysteine 
(through maleimide) residues of the biological macromolecules such as 
proteins, creating a new class of luminescent labels for evaluating 
biomolecular signatures on intact cells and tissue specimens. Furthermore, 
the use of multicolor GQD nanoprobes in cell biology studies of proteins and 
peptides or immunohistochemistry can also be undertaken, which consider to 
be the most important and clinically relevant applications for such B-GQDs. 

 
 



 
Bioconjugation of Graphene Quantum Dot nanoprobes 
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Colloidal synthesis of Si nanoparticles and their chemical 
transformation into orthorhombic lithium silicate nanowires 

Ebtesam Eladgham1,3, eladghameh@vcu.edu, Indika U. Arachchige2. (1) 
Chemistry, Virginia Commonwealth University, Richmond, Virginia, United 
States (2) Chemistty, Virginia Commonwealth University, Henrico, Virginia, 
United States (3) Solar Energy, National Research Center, Cairo, Egypt 

Group IV semiconductors have gained noteworthy interest in optoelectronic 
applications due to high natural abundance, low cost of elemental 
components, and lack of toxicity. However, inherent indirect energy gaps of 
crystalline Si and Ge have limited their efficient application in optical 
technologies. As such, there has been increased interest in the use of 
quantum confinement and alloying with Sn to induce an indirect to direct band 
structure transition and improve the photophysical properties. Recently, our 
group has reported the synthesis of Ge1-xSnx alloy QDs with size- and 
composition-tunable direct energy gaps in the visible to near infrared spectral 
region. Herein an extension of this strategy for the synthesis of ultra-small Si 
and Si1-xSnx alloy nanoparticles and their chemical transformation into lithium 
silicate nanowires for lithium ion battery applications will be presented. The 
effect of synthetic parameters on primary particle size, morphology, 
composition, band structure, and optical properties will be discussed. 
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Hierarchical self-assembly of novel tubular nanoparticles and surface-
attached nanoscaffolds from modified Tobacco mosaic virus capsid 
protein 
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The creation of particles and surfaces with complex functional architectures at 
the nanometer to micrometer scale is a promising capability afforded by 
advances in nanotechnology. One strategy for generating these materials is 
the hierarchical, bottom-up self-assembly of nanoscale components that occur 
naturally in biological systems. Tobacco mosaic virus (TMV) is one example of 
a self-assembling biological system that has been studied extensively for 
nanoscale applications. TMV is a filamentous plant virus with a hollow, tube-
shaped rod of 300nm length x 18nm diameter consisting of ~2130 capsid 
protein (CP) subunits. Its high aspect ratio and high surface area generated 
from iterated copies of a single component protein make it attractive as a 
foundation for the design of novel nanostructured materials. Multiple acidic 
amino acid residues are incorporated into the viral CP, generating 
electrostatic repulsion between adjacent CP not only within the assembled 
rod, limiting assembly of virus rods without incorporated genomic RNA, but 
also between individual rods, encouraging their monodispersity. One pair of 
negatively charged, surface-exposed residues known to have particular 
importance to the virus’s structural stability through electrostatic repulsion is 
composed of glutamic acid E50 and aspartic acid D77, which are shown by 
structural analysis to interact between adjacent CP in the direction of the virus 
rod’s axial (longitudinal) direction. This project investigates the effects of 
altering these residues on the assembly behavior of TMV CP both within 
individual rods for the generation of a new class of virus-like particles (VLPs) 
and between different members of this class for the self-directed, hierarchical 
assembly of more complexly structured nanoparticles. Replacing the one or 
both of the negative charged carboxylate residues glutamic acid (E50) and 
aspartic acid (D77) with neutrally charged glutamine (E50Q) and asparagine 
(D77N) or positively charged lysine (E50K or D77K) results in self-assembling 
nanotube VLPs with unique rod end charge profiles which self-direct the end-
to-end coassembly of distinct VLP populations into lengthened, chimeric VLP 
with longitudinally ordered structure. Addition of a well-positioned cysteine 



residue directs the perpendicular attachment of these complex VLPs to 
surfaces to for the development of surface-attached nanoscaffolds with 
distinct surface-proximal and surface-distal addressability and functionality. 
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Formation of monodisperse microemulsions using elastin-like 
polypeptide surfactants 
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Polymer surfactants of elastin-like polypeptide (ELP) trimers are fully soluble 
in water at room temperature but will aggregate into uniformly sized micelles 
at elevated temperatures. When the ELP surfactants are mixed with linear 
ELP, again they are fully soluble at room temperature. At elevated 
temperatures linear ELP aggregates are stabilized in the core of the micelle to 
form monodisperse microemulsions (Figure 1). Unlike the pure ELP surfactant 
solutions which transition directly from a soluble ELPs to ELP micelles, the 
mixtures exhibit a transition region where the linear ELP coalesces into larger 
aggregates. With a further increase in temperature the large aggregates are 
disrupted to form the microemulsion. Two major parameters dictate the size 
and shape of the ELP aggregates: salt concentration and the amount of linear 
ELP contained within the micelle. At a constant salt concentration and pH, we 
find a linear relationship between the concentration of linear ELP and the 
hydrodynamic diameter of the aggregates. Additionally, we observe that 
micelle size has a region of linear dependence on the salt concentration. 
Particle sizes measured for this system range between 18 and 120 nm 
hydrodynamic diameter as determined by dynamic light scattering (DLS). 
Static light scattering (SLS) was used to determine the molecular weight of the 
particles. Depolarized dynamic light scattering (DDLS) was used to probe the 
particle shape. The results show three concentration parameters which can be 
used to tune micelle size. 

 



 
 
Figure 1. The formation of microemulsions with mixtures of linear ELPs and 
surfactant ELPs (ELP-foldon). The component ratio in these mixtures and salt 
concentration can be used to control the size of the aggregates that form at elevated 
temperatures. 
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Facile method for construction of folate targeted fluorescent magnetic 
beads 
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The high affinity folate receptor (FR) is overexpressed on approximately 80% 
of all cancer types and activated macrophages associated with numerous 
inflammatory conditions. Consequently, FR has emerged as an attractive 
target for the selective delivery of folate guided therapeutic agents and for 
development of diagnostic strategies that are able to identify folate receptor 
positive cancer and immune cells in both in vitro and in vivo assays. This 
report describes a rapid method for the construction of folate fluorophore 
surface labeled magnetic beads that can be used for capture and detection of 
FR+ cells. Conjugation to magnetic beads was achieved in as little as one 
minute after incubation of the beads with the folate fluorophore ligand. This 
strategy should prove useful for other targeting ligands and surface labeling 
schemes.  
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Solvent mediated dye encapsulation into resorcinarene cavitand 
nanocapsules 
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States 

Research from our group showed that thiol-ene photopolymerization of a thiol- 
and ene- containing resorcinarene cavitand based monomer leads to the 
direct formation of nanocapsules, which can be further functionalized in a one-
pot operation. This presentation will describe the solvent mediated 
encapsulation of a variety of dyes such as nile red, rhodamine-6G and 
indigocarmine into resorcinarene cavitand nanocapsules, which can be 
eventually solubilized in water. Our work shows that the polarity of the 
medium during dye encapsulation plays a critical role and relatively non-polar 
solvents lead to increased encapsulation of guest molecules. The stability and 
release of these encapsulated dyes will also be discussed. 
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IR study of the particle-polymer interface in MOF mixed matrix 
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U.C. San Diego, La Jolla, California, United States (2) Department of 
Chemistry and Biochemistry, University of San Diego, San Diego, California, 
United States 

Understanding the interface between metal organic framework particles and 
polymer binder is important to the construction of mixed matrix membranes 
(MMMs). Undesirable macroscopic voids at the particle-polymer interface can 
be circumvented when intermolecular forces exist between surface groups 
and polymer moieties. In this study, ATR-IR spectroscopic studies were 
employed to evaluate interactions between surface groups of ZIF-8 and UiO-
66 particles and PVDF, an effective MMM binder, in order to determine the 
nature of the interactions. The independent spectra of the MOF particles and 
polymer binder were compared to that of the MMM. Surface chemistry, 
particle size, and particle loading was systematically altered to determine the 



relative importance of each parameter on the interactions. Corresponding 
DSC data on film crystallinity was also analyzed. 
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Designing sterically stable peptide nanostructures with target 
morphologies 

Srinivas Mushnoori, srinivas.mushnoori@rutgers.edu, Meenakshi 
Dutt. Chemical and Biochemical Engineering, Rutgers The State University of 
New Jersey, Piscataway, New Jersey, United States 

The self-assembly of peptides yield nanostructures whose morphologies can 
be controlled through the architecture of the molecular species. This aspect of 
peptide materials lends itself well to domains such as peptide-based 
nanostructures for a wide range of applications including biosensors, drug 
delivery vehicles or nanobioelectronics. Our overall goal is to design sterically 
stable peptide nanostructures with specific morphologies. We study the co-
assembly of two ultrashort peptide sequences, Phenylalanine-Phenylalanine 
(FF), and Phenylalanine-Cysteine-Phenylalanine modified with a PEG chain 
attached to the Cysteine side chain via a Maleimide-Thiol link (F-C(PEG)-F). 
Specifically, we examine two distinct parameters, i.e. molecular weight of the 
PEG chain and the relative concentration of the PEG modified peptides, and 
their impact on the morphology of the assemblies. To resolve the structure 
and dynamical processes over large spatiotemporal scales, we employ the 
MARTINI explicit solvent coarse-grained representation of the molecular 
species in conjunction with the molecular dynamics simulation technique. 

COLL 261 

Laser crystallization of inkjet-printed aluminum doped zinc oxide and 
indium tin oxide nanomaterials for highly transparent conductive 
electrodes 

Oshadha K. Ranasingha1, oranasin@mix.wvu.edu, Kalana Jayawardana1,3, 
Qiong Nian2, Sarah Kepelner1, Cal Yapp1, John Bailey1, Gary J. Cheng2, 
Michael Callahan1. (1) AddiLat Inc., Woburn, Massachusetts, United States 
(2) Birck Nanotechnology Center and School of Industrial Engineering, Purdue 
University, West Lafayette, Indiana, United States (3) Chemical Engineering, 
Massachusetts Institute of Technology, Boston, Massachusetts, United States 



Indium tin oxide (ITO) can be identify as mostly used material for transparent 
conductive electrodes. Aluminum doped zinc oxide (AZO) is also a good 
candidate for optoelectronics due to their reliable performance. Currently, 
various techniques such as DC sputtering, pulsed laser deposition (PLD), 
atomic layer deposition (ALD) and chemical vapor deposition (CVD) are used 
to deposit ITO thin films. However, all these techniques need complex 
instrumentation and a high vacuum environment which in turn increase the 
production cost. The inability to customize is also a disadvantage of above 
mentioned techniques. Inkjet printing of ITO and AZO films is a cost effective 
deposition method to replace all the high vacuum deposition methods. The 
inkjet printing procedure developed by AddiLat Inc. reduces the production 
cost of a single ITO electrode by considerable amount, compared to the 
current standard procedure. Ability to customize, is an additional advantage of 
inkjet printing. This work will open the path to use of inkjet printed low cost 
ITO and AZO thin films for various applications such as touch screens, smart 
windows, transparent heaters and other optoelectronic devices. The printed 
ITO and AZO films were annealed in air and forming gas in order to improve 
the conductivity. Then, laser annealing was performed and the sheet 
resistance was reduced 2 times for ITO thin films and 5 times for AZO thin 
films. 

COLL 262 

Covalent attachment of phthalocyanine and cobalt metalation on 
chlorine terminated Si(111) surface 

Chuan He1, river@udel.edu, Andrew V. Teplyakov2. (1) Chemistry and 
Biochemistry, University of Delaware, Newark, Delaware, United States (2) 
Chemisty and Biochemistry, University of Delaware, Newark, Delaware, 
United States 

The covalent attachment of dye molecules to metal and semiconductor 
surfaces has attracted substantial attention due to the versatile optical and 
electronic properties that can be introduced by this functionalization. 
Furthermore, the physical and chemical properties of the resulting interfaces 
can be tuned and controlled by the metalation of dye molecule-functionalized 
surfaces. This approach may also have profound effect on catalysis and 
sensing applications. In this work, we develop a novel method to covalently 
attach phthalocyanine molecules directly to a chlorine terminated Si(111) 
surface without any additional linkers or functional groups and the possibility 
of cobalt metalation of this surface is also tested. The chemical nature and 
surface topography of the resulting phthalocyanine-modified Si(111) surfaces 



are characterized by X-ray photoelectron spectroscopy (XPS), time-of-flight 
secondary ion mass spectrometry (TOF-SIMS), and atomic-force microscopy 
(AFM). Density functional theory (DFT) calculations are performed to predict 
core-level N 1s binding energies to compare with experimental results 
obtained by XPS, to infer the mechanisms of surface reactions, and to 
interrogate the stability of the surface species formed. 
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pH-sensitive antimicrobial agent 

Yin Nelson, Jirun Sun, jsun@nist.gov. American Dental Association 
Foundation, Gaithersburg, Maryland, United States 

In oral environments, cariogenic bacteria digest sugar and produce acid that 
cause tooth decays and secondary caries. A smart antimicrobial agent that 
activated by acid provides stimuli triggered defense systems for teeth and 
devices. In addition, the auto-activation of the antibacterial agent reduce the 
use of drug and may prevent antibiotic resistance. The objectives of this 
research are to synthesize and characterize a quaternary pyridinium salt 
(QPS) with efficient pH-sensitive antimicrobial capability, and to understand 
the mechanism behind it. The QPS compound was synthesized in our 
laboratory. It was further purified using column chromatography and 
recrystallization. The structure was characterized and confirmed by Nuclear 
Magnetic Resonance (NMR) spectroscopy and ESI (electrospray ionization)-
mass spectrometry. The antibacterial activity towards S. mutans and E. 
coli was analyzed by planktonic MBC (minimum bactericidal concentration) 
values and growth curves monitoring at 3 different pH buffers. Bacteria 
studies showed our drug is more effective on S. mutans and E. coli in acidic 
than in mildly basic conditions. The switching mechanism of antibacterial 
activity via pH was investigated by monitoring the compound at different pH 
levels via NMR, UV-vis spectroscopies, DLS (dynamic light scattering), and 
AFM (atomic-force microscopy). We have proposed that such pH-sensitive 
antimicrobial activity is the result of a pH-induced self-assembly of our system, 
as revealed by DLS and AFM results. 
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Tuning upconversion in Nd(III)-sensitized core-shell nanoparticles for 
excitation with biobenign wavelength 



Carina Arboleda2, carboled@eng.ucsd.edu, Sha He1, Alexandra Stubelius3, 
Adah Almutairi3. (1) National Center for NanoscienceTechnology, Beijing, 
China (2) University of California San Diego, San Diego, California, United 
States (3) School of Pharmacy, University of California San Diego, San Diego, 
California, United States 

Low energy near-infrared (NIR) light excitation allows for deeper penetration 
into biological tissues than traditional bioimaging probes that require 
visible/UV excitation. Upconverting nanoparticles (UCNPs) have superior 
photostability and are unrestricted by autofluorescence and cross-talked 
emissions commonly observed in conventional bioprobes. UCNPs efficiently 
convert NIR photons into higher energy visible emissions demonstrating their 
applicability for the fields of biological imaging and sensing. 
 
Sensitizers such as Ytterbium (Yb3+) ions are commonly doped for lanthanide-
based UCNPs. However, Yb3+-sensitized upconversion processes suffer from 
980 nm absorption overlap with water --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+either by 
direct doping into the core NP or introducing a shell, but were limited to 1-20 
mol% Nd. 
 
Herein we report the synthesis of NaYF4: Yb/Gd/Er and NaYF4: Yb/Gd/Tm 
cores via thermal decomposition. Shells with varying doping concentrations of 
Nd3+ (0-50 mol%) were introduced through self-focusing by Ostwald ripening. 
Larger shell thicknesses facilitated by our highly tunable epitaxial growth 
method ensure spatially confined Nd3+. Remarkably higher concentration 
doping of Nd3+ within a concentric shell was achieved. Nd3+ concentration in 
the shell was successfully tuned to achieve maximum upconversion efficiency. 
The optimal doping concentration of Nd3+ sensitizers was found to be 50 mol% 
Nd for both Er3+ and Tm3+ activated systems. Upconversion emission 
improved 12-fold as Nd3+ doping concentration in the shell increased. Cell 
cytotoxicity studies show PEGylated UCNPs are tolerable and further 
demonstrate the potential of our UCNPs for bioimaging. 

 



 
 
Schematic design and energy level diagram of Nd3+-doped core–shell UCNPs under 
808 nm excitation. “A” represents the activator ions either Er3+ or Tm3+. 
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Compositional tuning of hybrid organic-inorganic lead halide perovskite 
nanocrystals through solid-liquid-solid cation exchange 

Katie Hills-Kimball, kmhillskimball@plymouth.edu, Yasutaka Nagaoka, Ou 
Chen. Chemistry, Brown University, Providence, Rhode Island, United States 

Hybrid organic-inorganic lead halide perovskite (HOIP) nanocrystals (NCs) 
have emerged as promising materials in a multitude of applications spanning 
from solar energy harvesting to optoelectronic devices. We demonstrate the 
synthesis of formamidinium lead halide (FAPbX3) NCs through a solid-liquid-
solid cation exchange reaction using formamidnium acetate as the cation 
source. In this reaction, methylammonium cations in MAPbX3 NCs are 
replaced with formamidinium cations. Due to the minimal solubility of the 
formamidinium cation source, the reaction slowly proceeds, allowing for both 
the close monitoring of the exchange process, and the ability to collect HOIP 
NCs of intermediate cation composition (MA1-xFAxPbX3). It is demonstrated 
that solid-liquid-solid ion exchange reactions can be successfully executed in 



HOIP NCs with mixed halide ions, and afford compositional tuning of the 
HOIP NCs post synthesis. 
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Wearable personal thermal management through silver nanowire-coated 
textiles 

Paola D'Angelo 1, ppinzon@gmail.com, Elizabeth Hirst1, Erin Anderson2. (1) 
US Army NSRDEC, Auburn, Massachusetts, United States (2) US Army 
NSRDEC, Natick, Massachusetts, United States 

An ongoing need in cold weather clothing is novel textiles that will provide 
protection from extreme climatic operating environments, especially arctic cold 
weather. The main challenges with current garment systems are 
overdressing, moisture from sweat, discomfort from warmth following 
strenuous activity or entering heater areas and loss of manual dexterity from 
wearing gloves and mittens. We have developed a silver nanowire (AgNW)-
coated electronic textile that provides multiple protection capabilities. AgNWs 
were prepared by reducing silver nitrate with ethylene glycol (EG) in the 
presence of silver seeds and polyvinyl pyrrolidone. The seeds were mixed 
with EG and heated to 170 °C. After heating, a silver nitrate solution in EG 
was added dropwise to the silver seeds solution and the reaction was heated 
until all the silver nitrate was reduced. Silver nanowire nucleation was 
assessed through optical microscopy and the sample was centrifuged to 
remove impurities. Fabric of different materials were coated with the nanowire 
ink and the thermal properties were examined. Scanning electron microscopy 
and Fourier Transform Infrared Spectroscopy revealed a conductive network 
of silver nanowires (~105 nm diam.) that were highly thermal insulating with a 
reflectance of >24% observed for 100% cotton indicating that AgNW-cloth is 
an effective IR reflector suitable for personal thermal management. Joule 
heating experiments were carried out and revealed that the temperature of the 
AgNW-coated textile could be increased by ~38 °C after applying 3 Volts 
across the fabric. Thermal images were also investigated and thermal 
radiation of fabric coated with AgNW ink was decreased by ~3°C resulting in 
textiles appearing colder. Finally, spacing between AgNWs was determined at 
~500 nm suggesting that breathability of the textile was not compromised. The 
results of our research suggest that AgNW coated textiles are not only highly 
thermal insulating because it reflects infrared radiation but it also allows 
heating of the textile. This nanowire-coated textile could efficiently provide 
protection from extreme climatic operating environments.  
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Temperature-programmed desorption (TPD) and density functional 
theory (DFT) study comparing the adsorption of ethyl halides on the 
Si(100) surface 

Jing Zhao1, jingzhao@udel.edu, Benjamin W. Noffke2, Krishnan 
Raghavachari2, Andrew V. Teplyakov1. (1) Department of Chemisty and 
Biochemistry, University of Delaware, Newark, Delaware, United States (2) 
Department of Chemistry, Indiana University, Bloomington, Indiana, United 
States 

The sticking probabilities of chloroethane-d5 and iodoethane-d5 in the same 
dissociative adsorption reaction system on a Si(100)-2x1 surface are found to 
be extremely different by temperature programmed desorption (TPD) 
experiments. The adsorption mechanism for both chloroethane-d5 and 
iodoethane-d5 on a clean Si(100)-2x1 surface is based on a dissociative 
chemisorption following halogen-carbon bond cleavage. The experimental 
study reveals that the exposure for the monolayer saturation of chloroethane-
d5 is twenty times higher than that for iodoethane-d5. By analyzing the results 
of density functional theory (DFT) calculations, these differences are attributed 
to the stability of surface-mediated molecular adsorbates rather than to the 
differences in the dissociation barriers. Combining the calculation and 
experimental results, it is confirmed that the stability of the surface-mediated 
precursor state determined the efficiency of haloethane dissociation. 
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Nanoparticles (-)-epicatechin-loaded chitosan induced apoptosis in 
breast cancer: in vivo and in vitro study 

Adriana Guadalupe Perez Ruiz1, ydraperu@gmail.com, Ivonne María 
Olivares Corichi1, Flora Adriana Ganem Rondero2, José Rubén García 
Sánchez1. (1) Laboratorio de Oncología Molecular y Estrés Oxidativo, Sección 
de Estudios de Posgrado e Investigación, Escuela Superior de Medicina-IPN, 
Ciudad de México, Ciudad de México, Mexico (2) Division de Estudios de 
Posgrado (Tecnología Farmacéutica), Facultad de Estudios Superiores 
Cuautitlán, Universidad Nacional Autónoma de México, Cuatitlán Izcalli, 
Estado de México, Mexico 

Introduction: The search of new therapeutic strategies against cancer has 
been focused on natural products, such as the flavonoids. In this context, our 



studies have shown that (-)-epicatechin (a flavonoid) present an 
antiproliferative effect in breast cancer cell lines. Although the action of this 
flavonoid in cancerous cells shows its therapeutic potential, the flavonoids are 
molecules with a high sensitivity to physical, chemical and biological factors 
that limits its activity in vivo. 
Aim: In this study, (-)-epicatechin-loaded chitosan nanoparticles were 
generated, characterized and antitumor activity was studied. The effects of 
these nanoparticles on ROS production and apoptosis induction in the tumour 
were investigated. 
Material and methods: Nanoparticles were prepared by the supramolecular 
self-assemble. The nanoparticles obtained were characterized by size, 
polydispersity index, Z potential and the morphology was established with 
transmission electron microscopy and atomic force microscopy. Antitumoral 
effect was evaluate in a syngeneic transplant model on BALB/c mice. ROS 
production in tumours was determined by the values of biomarkers of 
oxidative damage such as carbonyl groups, quantification of formazan by 
NBT’s reduction (NBT), malondialdehyde (MDA), thiobarbituric reactive 
substance (TBARS), also the activity of glutathione peroxidase (GSH-Px) was 
analyzed. Finally, DNA fragmentation assay was performed to determine the 
induction of apoptosis. 
Results: Nanoparticles with size less to 200 nm were obtained, with a 
polydispersity index of 0.2, a zeta potential between -18 mV and -33 mV and 
spherical morphology. Interestingly, nanoparticles of (-)-epicatechin-loaded 
chitosan showed a high antitumor activity in comparison to the others study 
groups. Finally, the differences in biomarkers of oxidative damage (MDA, 
TBARS and NBT) and decreasing of GSH-Px activity were observed in 
tumours of mice treated with nanoparticles of (-)-epicatechin-loaded chitosan. 
Conclusions: The data obtained in this study, suggest that the antitumor 
activity of nanoparticles (-)-epicatechin-loaded chitosan is mediated by an 
induction of apoptosis and increase in the production of ROS. 
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Effect of temperature and surface topology on supported lipid bilayer 
lateral diffusion 

Codey Henderson, cbh153@psu.edu, Anne Sendecki, Paul S. Cremer. The 
Pennsylvania State University, University Park, Pennsylvania, United States 

Supported lipid bilayers (SLB) consist of a unilamellar phospholipid bilayer 
above a solid substrate with an approximately 1 nm water region in between. 
SLB are often used as model cell systems because of their cell-like structure, 



ease of monitoring lipid-analyte interactions, and diffusional behavior 
exhibited. In particular, the presence of a solid support has been noted to 
induce lateral phospholipid diffusion rates similar to rates observed in actual 
cells. By measuring the lateral diffusion of SLB lipids as a function of 
temperature, we explore the impact of interactions between the lipids and 
various surfaces. Interestingly, a significant change in diffusion with 
temperature was observed for all substrates, including substrates passivated 
with proteins to mimic an actual cell’s cytoskeleton; the change was beyond 
the predictions of well-established diffusion models, providing some insights 
about the cause of the difference. We also use this knowledge to expand the 
existing models to better reflect the role of the substrate-bilayer interaction in 
SLB diffusion. As the bilayer does not interact directly with the substrate, the 
results also suggest the role of the 1 nm water region between the 
phospholipids and substrate. Our results speak not only to the impact of 
temperature on SLB-based experiments, but also to the importance and role 
of the cytoskeleton on cellular membrane diffusion. 
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Asymmetric plasmonic nanoparticle array on flexible substrate 

Jie He2, Jamison Reifsteck1, jareifsteck@gmail.com, Ian Bruzas2, Laura 
Sagle2. (1) University of Cincinnati, Cincinnati, Ohio, United States (2) 
Chemistry, University of Cincinnati, Cincinnati, Ohio, United States 

Plasmonic on-chip devices are widely used in all scientific fields. However, the 
substrates are mostly focused on glass or silica wafers, which are expensive, 
rigid, and fragile. Herein, fabrication of an Au nanoparticle array using Hole-
mask colloidal lithography (HMCL) has been carried out on flexible plastic 
substrates. This allows for altering nanoparticle shape, size and spacing 
throughout the fabrication process in a rapid, inexpensive manner. Through 
stretching of the substrate half-way through the fabrication process, sStar and 
bean-shaped structures have been observed,d by stretching the hole-mask, 
which has potential for high sensitivity for localized surface plasmon 
resonance (LSPR) and surface enhanced Raman scattering (SERS) 
measurements. LSPR has emerged as a leader in the field of lable-free 
biosensing. Additionally, by stretching the substrate after fabrication is 
complete, the space between the nanoparticles and polymer buckling can be 
altered to tune the interactions between nanoparticles. This method allows for 
the possibility of tunable, a rugged, cheap, and flexiblee/wearable devices for 
a variety of applications includingultrasensitive biosensing and opto-electronic. 
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Novel light-mediated walking and sensing device via integration of 
assembled plasmonic film and hydrogel 

Hongyu Guo2, guohy89@umd.edu, Zhihong Nie1. (1) Chemistry and 
BIochemistry, University of Maryland, College Park, Maryland, United States 
(2) university of maryland, college park, College Park, Maryland, United 
States 

Colloidal nanoparticles and their assembly are fascinating due to their unique 
optical, magnetic and electronic properties. The assembled plasmonic 
nanoparticle film is especially interesting because of its great ability in sensing 
environmental cues. In this work, we reported a walking and sensing device 
by integrating an assembled nanoparticle film with a bilayer hydrogel walker. 
The sensing hydrogel can walk, roll and turn with no need of a ratchet. Its 
movement can be well mediated remotely by using a near-infrared light. In 
addition to its walking and sensing capability, the plasmonic nanoparticle film 
can take on various 3D shapes due to the shape-changing ability of the 
bilayer hydrogel, which gives rise to interesting optical phenomena. Our work 
may provide a platform for studying geometry-dependent optical property of 
plasmonic film. It also shows potentials of the plasmonic hydrogel walker as a 
novel sensing device.  
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XPS study of the surfaces of metal organic frameworks following post-
synthetic ligand exchange 

Jin Xiang Low2, jinxianglow@sandiego.edu, Lauren B. Benz2, Jessica C. 
Moreton1, Seth Cohen1. (1) Chemistry and Biochemistry, U.C. San Diego, La 
Jolla, California, United States (2) Department of Chemistry and Biochemistry, 
University of San Diego, San Diego, California, United States 

Understanding the nature of the surface groups terminating metal organic 
framework particles is of interest in a number of applications, including the 
preparation of mixed-matrix membranes. We present a study of UiO-66 both 
in the native state and following the post-synthetic exchange (PSE) of a 
fraction of the organic linkers. We sputtered through films of UiO-66 
nanoparticles to assess the relative concentration of exchanged linker through 
the particles using XPS, finding in some cases a higher concentration of linker 



at the surface. A combination of analytical techniques including XPS was used 
to determine the influence of steric properties on the mechanism of PSE. 

COLL 273 

Immiscible polymer blend nanoparticles formed by nanoprecipitation 

Chen Zhao1, cz64@georgetown.edu, Tingting Li3, Xinran Zhang1,4, Ryan 
Nieuwendaal2, Edward VanKeuren5,4. (1) physics, Georgetown University, 
Washington, District of Columbia, United States (2) Materials Science and 
Engineering, NIST, Clarksburg, Maryland, United States (4) Institute for Soft 
Matter Synthesis and Metrology, Washington, District of Columbia, United 
States (5) Georgetown University, Washington, District of Columbia, United 
States 

Nanoprecipitation is a self-assembly process for forming nanoparticles by 
rapidly mixing a solution with a miscible non-solvent. This method, which has 
long been used to form single component nanoparticles, has recently been 
expanded to multicomponent materials. We present results of 
nanoprecipitation of immiscible blends of polystyrene (PS) and poly (methyl 
methacrylate) (PMMA). The formation of PS-PMMA nanoparticles with a core-
shell structure is confirmed by TEM images and 1H spin diffusion NMR 
experiments, while aggregation and network formation of PMMA was also 
observed. A model taking into account the change of glass transition 
temperatures (Tg) of the polymers at their interfaces with the solvent is 
proposed to explain the differences between PS-PMMA blend samples. This 
work reveals the importance of the glass transition for controlling the 
morphology of blend polymer nanoparticles via nanoprecipitation. 
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Investigating relative binding strengths of various attachment 
chemistries to titania surfaces for potential use in dye sensitized solar 
cells 

Gregory J. Smith, s_gerg@hotmail.com, Bailey Harvey. Chemistry and 
Biochemistry, Angelo State University, San Angelo, Texas, United States 

Dye Sensitized Solar Cells (DSSC) continue to be a promising area of 
research in the quest for renewable energy. One of the key aspects of DSSCs 
is the interface between the semiconducting charge carrier, commonly titania, 
and the dye molecules used to harvest energy from light. This interface must 



be both robust and allow for quick injection of the excited electron from the 
dye into the titania. The most common chemistry to attach the dye molecule to 
the titania surface is with a carboxylate group, but it is possible there are other 
chemistries that are more robust, allow for better electron transfer, or both. 
Using ellipsometry and goniometry, we investigate the relative stability of 
various attachment chemistries to titania under the typical conditions of a 
working DSSC. These chemistries include carboxylate, thioic acid, 
phosphonic acid, benzenediol, and more. These experimental data can be 
used to design DSSC with longer lifetimes and improved performance. 
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Controlled protonation of transition metal substituted heteropoly 
tungstates in nonpolar solvents 

Steven H. Szczepankiewicz, szczepas@canisius.edu, Joshua Canavan, 
canavan2@canisius.edu. Canisius Colg, Buffalo, New York, United States 

Photochemical reactions have great potential in transforming low energy 
molecules like carbon dioxide into high value compounds that are either more 
useful to human energy needs or more likely to reduce prospective harm to 
the environment. This research focuses on heteropoly tungstate catalysts with 
earth abundant transition metal substitutions, which show promise as 
multielectron reduction catalysts. These compounds are known to serve as 
electron reservoirs, and separately to quantitatively bind small molecules like 
carbon dioxide. However, the conditions for each behavior tend to be mutually 
exclusive. We present a plausible means to prepare the catalyst in a highly 
reduced form under conditions amenable to carbon dioxide fixation. We also 
describe the role of hydrogen ions in the system under nonpolar conditions. 
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Biosensor based on Au-UCNP for dynamic detection of glucose 

kristina shrestha, kristina.shres@gmail.com, Ali Rafiei, Hugh H. 
Richardson. Chemistry and Biochemistry, Ohio University, Athens, Ohio, 
United States 

Upconverting nanoparticles (UCNPs) decorated with gold is used as the 
sensor for the detection of glucose. The measurement is based on the 
response of UCNPs to temperature change as glucose concentration varies. 
A two laser experiment is performed where 980 CW light is used to excite the 



UCNPs while 532 nm pulsed light heats the gold decorated UCNPs. The 
presence of glucose in the solution shifts the plasmon resonance causing a 
change in the amount of heating by the pulsed laser. The modulated change 
in temperature is demodulated with a lock-in amplifier to give quantitative 
information on glucose concentration. Gold nanoparticles on the UCNPs are 
functionalized with glucose oxidase for selective trapping of glucose in the 
biological medium. The selectivity of the biosensor is tested in the presence of 
physiological ionic strength. 
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Adenosine-functionalized biodegradable PLA-b-PEG nanoparticles for 
osteoarthritis blocking in rats 

Xiuling Liu1, xl1727@nyu.edu, Abraham Ulman1, au323@nyu.edu, Bruce 
N. Cronstein2, Bruce.Cronstein@nyumc.org. (1) Chemical and Biomolecular 
Engineering, New York University, New York, New York, United States (2) 
School of medicine, New York University, New York, New York, United States 

We report the synthesis and activity of three adenosine-functionalized PLA-b-
PEG biodegradable nanoparticles. Using click chemistry, PLA-b-PEG-N3 block 
copolymers were connected to adenosine at the 3’,4’-OH, 5’-OH, and 6-
NH2 positions with an acetylene group. Of the three different adenosine-
functionalized nanoparticles, one, in which the PEG was bound to the 
adenosine on the 3’,4’ hydroxyl groups, induced cellular increases in cAMP, in 
agreement with content in an adenosine A2A and A2B receptor-dependent 
fashion. These nanoparticles were then tested in a rat model of post-traumatic 
osteoarthritis and were found to effectively block the development of 
osteoarthritis in this model. 

 



 
 
Fig 1. Design of Adenosine-Functionalized Biodegradable PLA-b-PEG Nanoparticles 
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Preparation of fabric with differentiated water-transport ability 

Lihong Lao, LL728@cornell.edu, Dahua Shou, Yuen Shing Wu, Jintu 
Fan. Cornell University, Ithaca, New York, United States 

Clothing provides a microclimate between the body and the external 
environment, and acts as a barrier for heat and vapor transfer in between. In 
sweating conditions, in order to maintain the thermal comfort, fabric next to 
the skin should not only absorb liquid rapidly but also transport it through the 
fabric promptly to avoid the discomfort of the fabric sticking to the skin. On the 
other hand, in the raining weather, the fabric next to the environment is 
desired to prevent the water passing from the environment to the skin, and 
thus should possess water-resistant or water-proof properties. Therefore, 
there’s a demand to design a fabric material that has an asymmetric 
wettability and could directionally transport water from the skin to the 
environment, but minimize the transport in the reverse direction. 
 
In this work, we demonstrate progress towards this goal — creating directional 



water-transport channels on a nanoparticle-induced superhydrophobic fabric 
to enable asymmetric wettability. The channels were generated via plasma 
exposure of selected spots on one surface of the fabric, and thus having 
gradient wettability through the fabric thickness. While these channels were 
served for directional liquid transport, the untreated larger surface remained 
superhydrophobic, therefore could still provide thermal comfort and water-
resistant properties next to the skin and the environment, respectively. The 
differentiated water transport ability was confirmed by a home-made 
measurement device. Additionally, SEM, TGA, chemical analysis, and contact 
angle measurements were performed to determine the structure and 
wettability of the fabric after various modification conditions. 
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Development of sepiolite supported-nano TiO2 composites as high 
performance photocatalysts 

Lingmin Liao2, stone142@163.com, Jing Feng1. (1) Changjiang River 
Scientific Research Institute, Wuhan, China (2) Department of Materials and 
Structure, Changjiang River Scientific Research Institute, Wuhan, China 

The practical use of nano-TiO2 in water treatment is still limited by difficulties 
in recycling, low adsorption capacity and easy agglomeration. Immobilization 
of TiO2 is considered as an effective method to solve the problem. In this 
paper, sepiolite supported-nano TiO2photocatalytic composites were 
synthesized by an easily-operated solid diffusion process, in which sepiolite 
was used as a support matrix. And the microstructure, morphologies and 
photocatalytic property of the composites were characterized and analyzed by 
x-ray diffraction spectroscopy, UV-visible spectroscopy, fluorescence 
spectroscopy. The results indicated that sepiolite matrix could relieve 
agglomeration of nano-TiO2 and enhance the absorption ability within the UV-
Vis range, consequently increase the photocatalytic activity of the composites. 
Excessive TiO2 loads on sepiolite resulted in nanoparticle accumulation and 
blocking in sepiolite pores to reduce its specific surface area. However, as 
TiO2 loading decreased too low (40%), ultraviolet light absorption ability of the 
composites was more or less hindered. And 90%TiO2/sepiolite composites 
showed the most preferable photocatalytic response ability in UV-visible light 
range, which is beneficial for their photocatalytic activity. 

 



 
 
Figure 1 Diffuse reflectance spectra (DRS) of raw TiO2, sepiolite and TiO2/sepiolite 
composites materials with different load ratios (wt. %) 
 

 



Figure 2 Time dependences of fluorescence intensity at 426nm for TiO2/sepiolite 
composites materials with different load ratios in terephthalic acid solution irradiated 
by UV-visible light. 
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Remediating interior building surfaces contaminated by 
methamphetamine: Methods development 

Karen R. Caldwell, drkrcaldwell@aol.com. Department of Chemistry & 
Physical Sciences, Pace University, Pleasantville, New York, United States 

This project has the overall goal of determining the surface chemistry 
underlying effective remediation of clandestine methamphetamine labs (“Clan 
Labs”). Once a Clan Lab has been discovered, removal of the gross quantities 
of hazardous materials is undertaken by law enforcement and first 
responders. Further cleanup must then be carried out by property owners, 
who might easily pay $30,000 - $150,000 to remediation contractors for the 
work. The EPA promulgated general guidelines for cleanup in 2013; however, 
these guidelines are not specific to the presence of methamphetamine and 
other chemical substances typically found. There are only a few studies 
reported in the literature relating the method of the cleansing method to 
interfacial surface interactions. This initial study involved developing methods 
for reproducible application and recovery of test substances on painted board 
surfaces commonly found in building interiors. Precise amounts of solutions 
containing various test compounds were applied to painted board surfaces 
and then allowed to dry. Recovery of the substances was carried out in a 
manner similar to that described in the literature. Results of material recovery 
experiments will be shown. 

COLL 281 

Colloidal metal and semiconductor nanostructures: Theory, synthesis, 
and application 

Supriya Atta, sa879@scarletmail.rutgers.edu. Chemistry and Chemical 
Biology, Rutgers University, Piscataway, New Jersey, United States 

Among the various types of gold nanoparticle systems providing features that 
enable field localization, gold nanostars have been widely recognized for their 
ability to create strong Localized Surface Plasmon Resonances (LSPRs) that 
significantly enhance the local electric field, as a consequence of the 



presence of sharp protruding spikes. Multiple LSPR resonances can be 
observed in gold nanostars, that depend on the size, shape, and length of the 
spikes. Unfortunately, traditional protocols for the synthesis of gold nanostars 
have failed to provide sufficient sample monodispersity and reproducibility to 
enable fundamental studies on the plasmon modes. We will discuss here a 
new seed-mediated synthesis in which the morphology of gold nanostars, and 
thus their plasmon resonances, can be tuned by changing the concentration 
of three reagents, Triton-X, silver nitrate (AgNO3), and ascorbic acid (C6H8O6). 
Herein we will show how AgNO3 plays a significant role on the kinetics of the 
growth process and how the extremely high monodispersity of the samples 
enables us to compare the experimental results to the scattering and 
absorption spectra calculated with finite element modeling. 
We will also show our most recent results in which TiO2-coated gold nanostars 
have been employed as photocatalysts for methanol oxidation reactions. In 
these nanoparticles, the tunable LSPR absorption bands of the plasmonic 
core can be leveraged to study the formation of hot electrons at the nanostar 
tips, their dynamics as they transfer across the Schottky barrier, and their 
effect on reaction rates and selectivity. To do so, we have first synthesized 
amorphous TiO2-coated gold nanostars and then crystallized the TiO2 by heat 
treatments, that needed to be optimized to preserve the sharp morphology of 
the protruding spikes, extremely sensitive to atom migration. Compared to 
other nanoparticle-based catalyst systems, gold nanostars promise to become 
a much more versatile and tunable Vis-NIR photocatalyst. 

COLL 282 

Improvement of methane hydrate formation kinetics with activated 
carbon, tetrahydrofuran, and sodium dodecyl sulfate 

Atsadawuth Siangsai1,2, Katipot Inkong1, Pramoch Rangsunvigit1,2, 
pramoch.r@chula.ac.th. (1) Chulalongkorn University, Bangkok, Thailand (2) 
Center of Excellence on Petrolchemical and Materials Technology, Bangkok, 
Thailand 

Gas hydrates have been viewed as a potential energy source and a possible 
energy carrier. They are essentially crystalline between water molecules and 
certain gas molecules under suitable pressure and temperature. Theoretically, 
they can store a number of gases like carbon dioxide, hydrogen, and 
methane. Methane storage in the hydrate form has been investigated due to 
its large storage quantity. However, storing methane in the hydrate form has 
been challenging due to its slow formation between water and methane. That 
is, partly, because of low diffusion rate of gas in water, long hydrate formation 



time, and stability of the hydrates. To decrease the methane hydrate formation 
time and increase the storage capacity, porous media particularly activated 
carbon was chosen to increase the interface area between gas and water. 
Therefore, the induction time or the first methane hydrate formation, the 
storage capacity, and the effect of activated carbon size in the system will be 
discussed. Moreover, the hydrate promoters such as tetrahydrofuran (THF) 
and sodium dodecyl sulfate (SDS) are also included in this work. 

COLL 283 

Preparation of pure and decorated metal oxide materials for energy 
applications using novel physical deposition methods and their 
characterization 

Daniele Paradiso, dparadis@vols.utk.edu, John Z. Larese. Chemistry Dept., 
University of Tennessee, Knoxville, Tennessee, United States 

Metal oxides (MOs) nanomaterials are promising candidates to address 
current energy challenges. Our interest encompasses the synthesis, 
modification and characterization of various MOs (e.g. MgO, ZnO and Al2O3). 
Nanoparticles MgO and ZnO are produced using a novel vapor based method 
that can yield particles with narrow size distribution (few to several hundreds 
nanometers) and selective microstructure. Moreover, efforts were made with 
the transition alumina phases produced from the same Boehmite starting 
material via calcination. The structure and the physicochemical properties of 
each MO nanomaterial attract attention for potential applications in fields such 
as catalysis, gas separation, as well as, energy storage. Our present interest 
is to develop a viable, non-solvent based method for decorating these MOs 
nanoparticles with metallic nanoclusters in order to modify the properties of 
such supports. A modified, magnetron-based physical vapor deposition (PVD) 
apparatus has been assembled to prepare these materials. We will present 
the results of these efforts including their characterization thermodynamics, 
diffraction and microscopy. 

COLL 284 

Adsorption site determination for oxygenates on TiO2/Au(111) 

Maxwell Z. Gillum, gillummz@dukes.jmu.edu, Jeremy A. Wilke, David T. 
Boyle, Ashleigh Baber. Chemistry and Biochemistry, James Madison 
University, Harrisonburg, Virginia, United States 



Model catalysts have been used to nail down the reaction mechanisms for 
many industrially critical chemical reactions. Au nanoparticles supported on 
TiO2(110) offer chemical activity for many such reactions, including CO and 
propene oxidation reactions. The inverse model catalyst system containing 
TiO2 nanoparticles supported on Au(111) has shown promise for the water-
gas shift reaction, methanol and propanol chemistry, and most recently by our 
group, ethanol chemistry. Temperature programmed desorption (TPD) studies 
of ethanol/Au(111) elucidate adsorption sites for ethanol on Au terrace sites, 
step edges, and kink sites. The desorption temperature of low coverages of 
ethanol from TiO2/Au(111) (~235 K) is at an intermediate temperature 
between the desorption temperatures from bulk Au(111) and TiO2(110), 
indicating both Au and TiO2 play a role in the adsorption of ethanol. The study 
of low temperature propene adsorption helps to shed light on interfacial 
TiO2/Au regions which are considered as the active sites for propene 
oxidation. The effect of undercoordinated Au sites on adsorption are studied 
to investigate the role of inverse model catalysts in understanding real 
catalytic processes. 

COLL 285 

Concentration dependence and applications of mixed self-assembled 
azide-terminated monolayers 

Ruth M. Mandel, rmandel@udel.edu, Andrew V. Teplyakov, Mackenzie 
Williams. Chemisty and Biochemistry, University of Delaware, Newark, 
Delaware, United States 

Mixed self-assembled monolayers (SAMs) are useful in their ability to 
incorporate two different functionalities into a surface. While mixed SAMs 
have been utilized as a means of functionalizing surfaces, a well-defined 
relationship of solution concentration, from which these SAMs are made, and 
the corresponding surface concentration of the chosen functional groups has 
not been studied in depth. Known ratios of plain alkylthiol to azide-terminated 
alkylthiol chains were used as the functionalities on a gold (111) substrate, a 
commonly used substrate for modification by alkylthiol chains. By varying the 
ratio of these compounds in solution, the resulting azide-functionalized 
surface showed a linear dependence with initial solution concentration. Focus 
was placed on low (<10%) azide solution concentration to allow control of 
subsequent reactions on the surface. Particular attention was given to 
concentrations below 1%. By utilizing this high degree of control available, the 
azide-terminated SAMs were modified with fluorinated alkynes via a Huisgen 
azide-alkyne 1,3-dipolar cycloaddition “click” reaction. C60 fullerenes will be 



used as well to modify the surface in future work. These surfaces were 
characterized and studied using X-ray photoelectron spectroscopy and time-
of-flight secondary ion mass spectrometry.  

COLL 286 

Formation of bioactive hydrogels through the cross-linking of thermally 
responsive polypeptide micelles 

Adil Mistry, Hakan Celik, Nolan B. Holland, nbh2@cwru.edu. Chemical 
Biomedical Engineering, Cleveland State University, Cleveland, Ohio, United 
States 

Bioactive hydrogel can be utilized to provide a 3D scaffold for the growth of 
cells. Synthetic hydrogels, while offering well controlled gelation rates, are 
often of limited biocompatibility. Hydrogels formed from recombinant 
polypeptides offer a solution by providing a biocompatible, monodisperse, and 
easily customizable extracellular scaffold for tissue growth. Bioactive 
polypeptide sequences can be directly incorporated into hydrogels formed 
from polypeptides. We have developed a system for generating polypeptide 
hydrogels that crosslink through elastin-like polypeptide micelle formation. The 
polypeptides consist of a diblock with a long hydrophilic elastin-like 
polypeptide (ELP) and a shorter more hydrophobic ELP. The hydrophilic 
blocks have a terminal cysteine which leads to the dimerization and the 
formation of a triblock with hydrophobic ends and a relatively long hydrophilic 
center block. Bioactive sequences have been incorporated in the central 
hydrophilic region. The formation of the cross-linking micelles by the 
hydrophobic blocks is thermoreversible. At room temperature the polymer is 
soluble, while at higher temperatures the micelles form leading to the 
formation of a hydrogel. The temperature dependence of the micelle formation 
is characterized by dynamic light scattering of the diblock polypeptide, which 
is formed by reduction of the disulfide bonds. The temperature dependent gel 
formation is characterized through the complex modulus determined using 
rheological measurements. 

COLL 287 

Investigating surMOF thin film growth for sensing and storage 
applications 



Ashley Trojniak, ashley.trojniak@hope.edu, Landon Brower, Monica 
Ohnsorg, Mary E. Anderson. Chemistry, Hope College, Holland, Michigan, 
United States 

Thin films can integrate the versatility and potential of metal-organic 
frameworks (MOFs) directly into architectures for gas storage, chemical 
sensing, and energy storage. MOFs are highly nano-porous crystalline 
materials, commonly fabricated in powder form, composed of metal ions 
coordinated with organic linker molecules. Surface-anchored MOFs 
(SurMOFs) can be fabricated using sequential, solution-phase deposition in 
which the metal ions and organic ligands are alternatingly deposited on a 
substrate, which is typically functionalized with a self-assembled monolayer 
(SAM). This bottom-up method theoretically produces the films in a layer-by-
layer manner and linear growth has been observed using ensemble averaging 
techniques such as ellipsometry, quartz crystal microbalance, and surface 
plasmon resonance. However, when film structure is investigated on the 
nanoscale using atomic force microscopy (AFM), we have observed different 
growth mechanisms for related systems, ranging from the conformal van der 
Merwe to the formation of discrete crystals indicative of Volmer-Weber growth. 
Utilizing an automated deposition process, we have fabricated a range of 
MOF types with the copper-paddlewheel node structure and have 
characterized them by AFM, IR, and ellipsometry. While AFM maps out 
surface morphology and roughness for the thin film, IR confirms chemical 
composition and ellipsometry explores average film thickness within the 1mm 
spot size sampled. Using these characterization techniques, the growth 
mechanism of the films onto various substrates (i.e. Au, ITO, SiO2) with 
different chemical functionalization on the surfaces (i.e. -COOH, -OH) has 
been investigated. The stability of the films upon exposure to different gas and 
solution-phase analytes is studied as the porous nature of the MOF is 
investigated for sensing and storage applications. This fundamental research 
into the formation of the foundational layers of the surMOFs is essential to 
develop design rules for the integration of these promising materials into real-
world applications. 

COLL 288 

Exploring fabrication and gas adsorption for HKUST-1 thin films and 
powders 

Landon Brower2, landon.brower@hope.edu, Ashley Trojniak2, Brandon 
Bowser1, Monica L. Ohnsorg1, Mary E. Anderson2. (1) Hope College, 



Chanhassen, Minnesota, United States (2) Chemistry, Hope College, Holland, 
Michigan, United States 

Surface anchored metal-organic frameworks (SurMOFs) represent a class of 
extremely porous, crystalline materials with high surface area that consist of 
both metal ions and organic ligands. Layer-by-layer solution-phase epitaxy 
has been studied extensively for the HKUST-1 system, consisting of Cu and 
trimesic acid (TMA), deposited on a SAM-coated Au substrate. We have 
extended our investigations beyond this method to study additional means of 
fabricating SurMOFs via co-deposition, drop-casting, and seeded deposition. 
By varying temperature, time and deposition method, design rules to tailor 
SurMOFs with a desired thickness, roughness, and grain size were 
investigated. In addition to studies investigating film growth mechanisms, 
ammonia adsorption capabilities of these films have been examined and 
compared to bulk powder. The HKUST-1 system can contain ligands 
coordinated to the axial positions of the copper-carboxylic acid paddlewheel 
structure. We have interrogated how different paddlewheel adsorbates alter 
the ammonia gas interaction with the framework, affecting the morphology 
and crystal structure. Fourier-transform infrared spectroscopy, scanning 
electron microscopy, energy dispersive x-ray spectroscopy, scanning probe 
microscopy, and powder x-ray diffraction were used to characterize samples 
before and after ammonia exposure, tracking uptake of ammonia, as well as 
monitoring changes in both surface morphology and crystal structure. 
Specifically, systematic studies have compared three variations of the 
HKUST-1system: bulk powder, drop-casted film, and surMOF. The size of 
these structures span from millimeter crystals (bulk powders) to micrometer 
grains (drop-cast films) and nanometer crystallites (surMOFs) elucidating what 
effects are inherent to the MOF system or fabrication method as opposed to 
being substrate-induced or size-dependent. 

COLL 289 

Synthesis of gold-silica core-shell nanostructures 

Jamie Jeffries, Sarah Nasser, nassersa@umich.edu, Kristen Ruta, Ola 
Altahan, Krisanu Bandyopadhyay. University of Michigan-Dearborn, Dearborn, 
Michigan, United States 

The importance of core-shell nanostructures (nano-shells) continues to grow. 
The significance of these dielectric silica cores surrounded by metallic shells 
of varying thickness is due to the multitude of applications of these materials 
in medicine and engineering. Silica-core/gold-shell nanoparticles have the 



potential to be implemented in radiation therapy for cancer treatment; these 
particles can absorb radiation in the 700-900 nm range to target cancerous 
cells while leaving the surrounding, healthy tissue unharmed. Silica-
core/palladium-shell nanoparticles can also act as catalysts in a myriad of 
reactions, including hydrogenation. Thus, the value of the production of these 
nanoparticles comes from their numerous functions. We are currently involved 
in synthesis of gold nano-shells on silica cores with 200 nm diameters. The 
palladium nano-shells have been successfully generated using in 
situ formation of palladium seeds on the silica core with subsequent palladium 
shell formation. In addition, we have obtained preliminary results in our efforts 
to generate the gold nano-shells using our in situ methods. The 
characterization of the nano-shells at several stages during synthesis has 
been achieved using transmission electron microscopy (TEM), ultraviolet-
visible spectroscopy, and zeta potential measurements. 

COLL 290 

Generation of Au-Pd bimetallic nanoparticles and anisotropic structure 
of gold on functionalized surfaces 

Aileen Peer, peer@umich.edu, Krisanu Bandyopadhyay. University of 
Michigan-Dearborn, Dearborn, Michigan, United States 

Variations in ratio of gold and palladium salt solutions (HAuCl4 and K2PdCl4 , 
respectively) when adsorbed and reduced on functionalized silicon and indium 
tin oxide (ITO)-coated surfaces have led to differences in catalytic ability of the 
resulting in situ generated bimetallic gold-palladium nanoparticles. Atomic 
force microscopy (AFM) has revealed an apparent change in the morphology 
of the nanoparticles in addition to an increase in size and number when the 
solution ratio of K2PdCl4 increases relative to HAuCl4. The catalytic properties 
of these nanoparticle arrays were assessed electrochemically through the 
oxidation of multiple alcohols such as ethanol and ethylene glycol. Cyclic 
voltammetry studies revealed an enhanced catalytic conversion of ethylene 
glycol when the ratio of palladium increased relative to gold. Other techniques 
were also utilized in order to further understand the properties of these 
bimetallic nanoparticles. Zeta potential measurements traced the change in 
surface charge throughout the synthesis process. Additionally, UV-Visible 
(UV-Vis) spectroscopy was used to observe the change in optical properties 
before and after the reduction of the surface-bound Au and Pd ions. Lastly, X-
ray photoelectron spectroscopy (XPS) was used to measure the elemental 
composition of the mixed nanoparticles. Further experimentation involved the 
anisotropic growth of gold nanoparticles, made possible through modified 



experimental conditions, and showed the potential of improved chemical and 
physical properties in addition to increased catalytic ability. 

COLL 291 

Dopamine biosensor using two dimensional assemblies of palladium 
nanoparticles 

Muhammad Osto, maosto@umich.edu, Courtney Dodge, Krisanu 
Bandyopadhyay. University of Michigan-Dearborn, Dearborn, Michigan, 
United States 

Biosensors can be generated with materials capable of detecting analytes 
such as Dopamine, Glucose or DNA by utilizing their electrochemical 
properties and interactions with specific analytes. The substrate materials can 
typically be gold, silicon or Indium Tin Oxide (ITO) coated glass. These 
substrates are modified with palladium to explore their unique electrochemical 
properties. Our current research is focusing on the detection of Dopamine 
under the presence of various precursor and structurally similar molecules 
such as L-DOPA, Tyrosine, and Norepinephrine using two-dimensional 
assemblies of palladium nanoparticles. We have utilized a number of 
detection and characterization methods such as cyclic voltammetry, 
electrochemical impedance spectroscopy, zeta potential, UV-vis spectroscopy 
and atomic force microscopy (AFM) to understand the morphology of the 
nano-sized substrate surfaces and also determine the functionality of the 
surface as Dopamine Biosensor. 

COLL 292 

Two dimensional assemblies of gold nanoparticle as non-enzymatic 
glucose biosensor 

Ahmed Bitar, bitara@umich.edu, Krisanu Bandyopadhyay. University of 
Michigan-Dearborn, Dearborn, Michigan, United States 

A non-enzymatic glucose biosensor was developed by using two dimensional 
assemblies of gold (III) nanoparticles (HAuCl4) generated by in situ reduction 
of [HAuCl4]- ions attached to polyethyleneimine silane functionalized silicon 
and indium tin oxide (ITO) coated glass surfaces. Cyclic voltammetry (CV) 
and impedance spectroscopy (IS) were used to detect glucose (C6H12O6). The 
range detected for glucose was observed from 0.01mM to 0.1nM using both 
cyclic voltammetry and impedance spectroscopy in the presence of sodium 



hydroxide buffer. Cyclic voltammetry resulted in an increase in current (A) as 
concentration increased above the sodium hydroxide buffer alone. Impedance 
spectroscopy showed an increase in resistance (ohm) and a decrease in 
capacitance (F) as concentration increases. The low detection limit was 
observed at 0.1nM glucose for both methods used. The advantage this 
application possesses includes more accurate glucose detection without the 
use of enzymes. The gold nanoparticle coated indium tin oxide surfaces 
allows for highly sensitive and more accurate detection of glucose which can 
lead to further developments in more accurate ways to detect blood glucose 
levels in diabetes patients. 

COLL 293 

Seed mediated growth of highly monodisperse spherical gold 
nanoparticles 

Richard Darienzo2, richard.darienzo@stonybrook.edu, Olivia Chen2, 
Maurinne Sullivan2, Rina Tannenbaum1. (1) Department of Materials Science 
and Engineering, Stony Brook University, Stony Brook, New York, United 
States (2) Department of Materials Science and Chemical Engineering, Stony 
Brook University, Stony Brook, New York, United States 

The use of gold nanoparticles as imaging agents, photothermal and 
radiofrequency ablation agents, in addition to drug vectorization components 
has grown in recent years. The synthesis of highly dispersed nanoparticles 
requires rigorous control over various experimental parameters to prevent 
crystal dislocations from breaking the nanoparticle symmetry. In seed 
mediated growth methods, the size distribution of seeds has a critical effect on 
the size and morphology of nanoparticles to be synthesized. Our work aims to 
create 100 nm spherical gold nanoparticles utilizing highly monodisperse 
seeds that are the result of a noble metal salt reduction in a sodium citrate 
citric acid buffer. 
This work is novel in its use of highly monodispersed seeds as a nucleating 
agent for the growth of larger spherical particles in the presence of 
hydroquinone, making nanoparticle suspensions comparable to other 
morphologies such as Star-like Gold Nanoparticles and Gold NanoCaltrop. 
This similarity in the composition of supernatants lends itself to quantitative 
comparisons between various nanoparticle morphologies in Surface-
Enhanced Raman Spectroscopy without the need to concentrate and re-dilute 
samples, which may possible destroy nanoparticle architecture or form 
aggregates. In this work, we characterize seeds and spherical gold 
nanoparticles with ultraviolet-visible spectroscopy, scanning and transmission 



electron microscopy as well as analyze and compare their surface-enhancing 
Raman capabilities to Star-like Gold Nanoparticles as well as Gold 
NanoCaltrop. 
Initial characterizations including optical inspection and ultraviolet-visible 
spectroscopy have confirmed the presence of seeds/spheres because of their 
absorption peaks at 520 nanometers in addition to their wine red coloring. Our 
earlier work yielded a grapefruit colored solution indicative of semi-spherical to 
lumpy and spherical particles. By studying the reaction kinematics, we were 
able to better understand at which point during the reaction synthesis the 
addition of other reducing agents, such as hydroquinone, would better 
facilitate uniform growth on the surface of gold seeds. Although some 
reducing agents favor kinematic growth, resulting in less uniform particles, we 
believe our method benefits from kinematic favored processes since the 
nucleation of spheres from seeds is a relatively fast process, which may not 
necessarily benefit from thermodynamically favored growth regimes. 

COLL 294 

Determination of optimal probe density and salt concentration for fast 
and complete DNA melting 

Ngoc Le, nle3@dons.usfca.edu, Anthony Chin, Achin4@usfca.edu, Ryan 
West. university of san francisco, San Francisco, California, United States 

The application of DNA biosensors for medical purposes, specifically 
diagnosis of disease and DNA analysis, is becoming common. A good 
biosensor must meet two qualifications, which are providing reproducible 
results in a timely manner and detecting mismatched DNA strands. In the 
course of this research, investigating how DNA probe density and ionic 
strength has an effect on the kinetics of melting DNA on surfaces of Au 
electrodes. 
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Assembly mechanism of polymer-grafted nanocubes 



Brian H. Lee, bhl030@eng.ucsd.edu, Gaurav Arya. Nanoengineering, 
University of California, San Diego, La Jolla, California, United States 

Self-assembly of polymer-grafted shaped nanoparticles provides a powerful 
avenue for the bottom-up fabrication of advanced plasmonic nanomaterials. 
Here, we investigate the underlying mechanism by which polymer-grafted 
nanocubes assemble into higher-order aggregates within a confined quasi-2D 
geometry. In particular, we compute the interaction free-energy landscape of 
such nanoparticles as a function of their separation distance and orientation 
using Monte Carlo simulations. The computed energy landscape reveals that 
the nanocubes exhibit two main stable states--the face-to-face and edge-to-
edge configurations. The relative stabilities of the two states depend on the 
strength of vdW interactions between the nanocubes, the strength of 
interactions between the grafted polymer chains and nanocubes, and the 
length, grafting density, and excluded volume of the polymer chains. A scaling 
theory is developed to map out the orientation phase diagram of nanocubes 
within this extensive parameter space. The minimum free-energy path through 
the energy landscape reveals the key motions exhibited by the nanocubes as 
they approach each other and lock into their globally stable configuration. 
Analysis reveals that while the edge-to-edge forming cubes exhibit minimal 
motions during assembly, the face-to-face forming cubes undergo a transition 
from a cube-cube interaction-dominated sliding motion to a polymer-
dominated rolling motion before they lock into their eventual bound 
configuration. 

COLL 296 

Bottom-up design and self-assembly of supracolloidal molecules made 
from binary metallic nanoparticles 

Chenglin Yi, ycljiangnan@gmail.com, Zhihong Nie. Chemistry and 
BIochemistry, University of Maryland, College Park, Maryland, United States 

Recently, tremendous progress has been made in directed assembly of 
nanoscale building blocks by viewing entire NPs modified with various linkers 
(i.e., polymers, proteins, or DNAs) as molecular mimics. This strategy is 
opening new research frontiers in nanoscience and nanotechnology. Here we 
present a new strategy to fabricate supracolloidal molecules with well-defined 
valence via concurrent assembly of binary metallic NPs decorated with 
oppositely charged block copolymers (BCPs). The assembly of binary 
mixtures generated highly monodipersed dimer (AB), trimer (AB2), and 
tetramers (AB3), as well as AB4, AB5, AB6, with high purity by controlling the 



length of polymers, polymer brush density, and size ratio of NPs, and feed 
ratio of binary NPs. Our experimental and computational studies indicate that 
the nanostructures arise from the delicate interplay between the dimension 
match of the binary NPs, the charge density of BCP chains, and molecular 
weight of BCPs. More interestingly, this assembly approach constitutes a 
unique “self-limiting” assembly mechanism, that is, the neutralization of overall 
charges limits the further addition of NPs to the assembled supracolloids, 
arising from the flexibility of polymer tethers. The ability to construct multi-
component assemblies with defined valence represents a promising step in 
the self-assembly of structurally complex functional materials. 
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Understanding the temporal and spatial dynamics of surface assembly 

Keith M. Carroll2, kca@zurich.ibm.com, Colin Rawlings2, Yadong Zhang1, 
Seth R. Marder1, Armin Knoll2, Heiko Wolf2, Urs Duerig2. (1) Georgia Inst of 
Technology, Atlanta, Georgia, United States (2) IBM Research- Zurich, 
Ruschlikon, Switzerland 

Understanding the assembly of particles or macromolecules onto a surface is 
important to improve transport based technologies, such as bio/chemical 
sensing and nano-confined synthesis. In particular, surface assembly is 
complex in both the spatial and temporal domains. By combining microscopic 
techniques with surface patterning techniques, we have shown that the 
assembly process must be decomposed into 3 different regimes: transient, 
static, and blocking. Here, we explain and quantitatively measure the 
dynamics through different models in both the static and blocking regimes. In 
particular, for the first time, we show the transient and static regimes are well 
mapped out spatially, temporally, and quantitatively by the Smoluchowski 
equation (i.e. diffusion equation in highly dilute limits). We will also discuss a 
direct measurement of the blocking regime, which is caused by hindrance of 
previously assembled particles. We show that previous models for blocking 
functions are insufficient, and we present a working hypothesis and 
experimental evidence on the failure mechanisms. 
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Thermo-mechanical behavior of self-assembled nanoparticle 
membranes 

Henry Chan1, hchan@anl.gov, Badri Narayanan1, Yifan Wang3, Xiao-Min 
Lin1, Heinrich Jaeger2, Subramanian Sankaranarayanan1. (1) Argonne 
National Laboratory, Schaumburg, Illinois, United States (2) University of 
Chicago, Chicago, Illinois, United States (3) California Institute of Technology, 
Pasadena, California, United States 

Ultra-thin nanoparticle (NP) membranes are self-assembled hybrid materials 
that have attracted considerable interests. Monolayer membranes formed of 
simple dodecanethiol ligated gold NPs have mechanical strength that comes 
mostly from weak non-covalent van der Waals interactions between ligands, 
yet they can free-stand over micron-size holes and have a Young’s modulus 
on the order of several GPa. We will present our recent experimental-
theoretical study on the thermo-mechanical behavior of these membranes and 
reveal microscopic details relating to ligand rearrangement and dynamics that 
lead to their hysteretic mechanical response. The results provide insight that 
can be useful in the development of new non-covalent self-assembled 
materials with tunable properties. 
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Tunable random laser emission via reconfigurable particle assembly 

Philip Donahue2, phil.donahue.v@gmail.com, Chenji Zhang4, Nicholas Nye5, 
Cheng-Yu Wang4, Jennifer Miller2, Demetrios Christodoulides5, Zhiwen Liu3, 
Christine D. Keating1. (1) Penn State University, University Park, 
Pennsylvania, United States (2) Chemistry, Penn State University, State 
College, Pennsylvania, United States (3) The Pennsylvania State University, 
University Park, Pennsylvania, United States (4) Electrical Engineering, Penn 
State University, State College, Pennsylvania, United States (5) University of 
Central Florida, Orlando, Florida, United States 

Random lasing is a phenomenon in which sharp lasing modes are produced 
as a result of optical confinement in random scattering media. Strongly 
scattering nanowires suspended in organic dye solution support this effect. 
Fluorescence emission of the dye multiply scatters amongst the particles, 
extending its path length and randomizing its direction within the gain region. 
As a result, closed-loop resonant cavities form and lasing buildup occurs. The 
scattering events responsible for optical buildup are governed by the 
characteristics of the particle suspension. Herein we show that the scattering 
characteristics of a nanoparticle suspension can be modulated by tuning the 
voltage and frequency of an applied alternating current electric field. 
Parameters such as particle location, local number density, and particle 
orientation are adjusted to control the quality of the resonances supported by 
random dye laser systems. For example, increasing local particle 
concentration increases the scattering density of the sample, while rotating 
nanowire orientation changes the direction in which the sample scatters 
strongest. Performing and observing particle assemblies while collecting 
corresponding optical emission spectra provides a novel means to control 
random lasers. Particle assembly enabled reconfigurable random lasers 
present unique opportunities for nanoscale photonic applications, and 
enhance our ability to probe the fundamental science behind the phenomena. 

COLL 300 

Aggregation of conjugated polymer nanowires studied by atomic force 
microscopy and kelvin probe force microscopy 

Song Guo, song.guo@usm.edu. University of Southern Mississippi, 
Hattiesburg, Mississippi, United States 



The morphology of conjugated polymer aggregates has been shown to have a 
profound impact on their optoelectronic properties. Poly(3-hexylthiphene) 
(P3HT) has been reported to be capable of self-assembling into nanowhiskers 
and nanofibers, which provide superior optoelectronic properties compared to 
its amorphous film. Our atomic force microscopy (AFM) studies on the P3HT 
nanowires formed in the early aggregation stage demonstrate that P3HT 
molecules will probably go through either packing of high-aspect ratio multi-
chain/single-chain aggregates or packing of solubilized individual chain 
depending on experimental conditions. High-resolution AFM images also 
show the connecting segments between ordered domains of P3HT. Further 
aggregation of the P3HT nanowhiskers lead to layered nanowhisker 
structures with distinctive heights, indicating that the nanowhiskers aggregate 
via a layer-by-layer fashion in solution. The number of layers also increases 
over time, hinting that layered structures are more thermodynamically favored 
in solution. Kelvin Probe Force Microscopy (KPFM) results show that the local 
contact potential difference values of overlapped, triple-stacked, and 
deformed P3HT nanowhiskers are higher than that of straight sections. 

COLL 301 

Effective interactions between colloids induced by attractive reversibly 
adsorbed polymers 

Alexander Chervanyov, chervany@uni-muenster.de. Institute for Theoretical 
Physics, WWU Muenster, Muenster, Germany 

We analytically study the effect of attractive polymer-colloid (P-C) and 
polymer-polymer (P-P) interactions on the effective forces acting between 
colloids immersed in a polymer system. The performed theoretical analysis 
has no restrictions with respect to the polymer density and relative sizes of the 
colloids and polymers. The polymer mediated (PM) potential acting between 
fillers is shown to significantly depend on the strength and range of the P-P 
and P-C interactions. In the nano-particle limit, where the colloid radius is 
much smaller than the polymer gyration radius, the presence of attractive P-P 
interactions causes significant, but only quantitative changes to the PM 
potential. In the opposite limit of relatively large colloids, the P-P interactions 
revert the sign of the total effective force acting between colloids so that this 
force becomes attractive at sufficiently large polymer densities.The effect of 
the C-P interactions on the PM potential is found to be most pronounced in 
the case of large polymer densities and small colloid-to-polymer size ratios. 
The dependence of the second virial coefficient of the effective PM potential 
on the polymer density is discussed in detail, revealing several novel features 



of the PM forces caused by the presence of attractive P-P and P-C 
interactions. 
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Dynamic supramolecular assembly at surfaces: Impact of guest, solvent, 
and STM bias 

Steven L. Tait, tait@indiana.edu. Indiana University, Bloomington, Indiana, 
United States 

Dynamic supramolecular assembly at the interface between a solution and a 
solid surface is a topic of growing importance in the self-assembly of 
molecular films and in developing theoretical descriptions of small molecule 
interactions. Organic building block design allows for a tremendous space of 
molecular design to be accessed, but also introduces many complex aspects 
of self-assembly, particularly with regard to the interplay of hierarchical 
intermolecular interactions. Subtle variations in these interactions, including 
interactions with the surface or solvent, can dramatically alter the self-
assembled architectures. Here, we present several examples of these effects, 
including new results on macrocyclic molecules with peripheral functional 
groups designed to engage in complementary interactions. These systems 
are characterized by high-resolution scanning tunneling microscopy (STM) in 
the dynamic solution environment. We also discuss effects of host-guest 
supramolecular chemistry at the solution/solid interface where the guest plays 
a role in directing the assembly. Solvent co-adsorption has been shown to 
alter assembly structure and even the density of the surface packing. We will 
also discuss the dynamic behavior of ions within molecular receptor networks 
on surfaces. These can be manipulated by the bias voltage between the STM 
tip and the surface. Some of these systems exhibit the ability to template 
stacking into a film. We develop theoretical models to describe and interpret 
these results and to move us toward more predictive modeling. It is hoped that 
better understanding and control of these dynamic assembly effects will allow 
us to design and program next generation thin film materials. 
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Gold nanoparticle self-assembly in mixed lipid nanodiscs: Molecular 
dynamics simulations 

Hari Sharma1, sharma.phys@gmail.com, Elena Dormidontova1,2. (1) 
Department of Physics, University of Connecticut, Storrs, 06269, Connecticut, 



United States (2) Polymer Program, Institute of Materials Science, Storrs, 
06269, Connecticut, United States 

Combination of noble metal nanoparticles with lipid nanocarriers have gained 
growing attention for biomedical applications, gold nanoparticles (AuNPs) 
being the most notable one. Using coarse grained molecular dynamics 
simulation with a MARTINI force field, we show that aggregation of AuNPs 
into ring or string like structures can be enhanced using self-assembled lipid 
nanodisc. Encapsulation of 1 nm AuNPs modified by hydrophobic alkane 
tethers into a mixed lipid nanodisc composed of 
dipalmitoylphosphatidylcholine (DPPC) and dihexanoylphosphatidylcholine 
(DHPC) occurs at the rim of the lipid nanodisc. Such an encapsulation leads 
to the formation of a ring-like structure along the circumference of the 
nanodisc. A decrease in the order parameter of lipid tails because of an 
increase in temperature results in the transition of a lipid nanodisc into 
vesicles with a string of AuNPs or into an open “round vase” structure with a 
ring of AuNPs along the rim. The stability of lipid nanodiscs and clustering of 
AuNPs as a function of length of hydrophobic alkane tether grafted to the gold 
surface will be discussed and compared with available computer simulation 
and experimental data. 

COLL 304 

Designing and tuning self-assemblies towards the single chirality 
enrichment of single-walled carbon nanotubes 

Erandika Karunaratne, erandika.karunaratne@uconn.edu, Mehdi 
Mollahosseini, Fotios Papadimitrakopoulos. Polymer Program, Institute of 
Materials Science and Department of Chemistry, University of Connecticut, 
Storrs, Connecticut, United States 

Single-wall carbon nanotubes (SWCNTs) have attracted great interest for 
various applications due to their unique mechanical, electrical, optical, and 
chemical properties. However, separation of SWCNTs into populations of 
single-chirality, which is required in electronic and optical applications, 
remains challenging. Recent studies have shown that density gradient 
ultracentrifugation (DGU), gel column chromatography and organization of 
special surfactants around single-walled carbon nanotubes allows selective 
extraction of SWCNTs. Our group has shown that flavin mononucleotide 
(FMN) and its aliphatic (dodecyl) analog FC12 self-organize in a helical 
pattern around SWCNTs while enriching (8,6) chirality. Understanding of 
molecular motifs and relative interactions behind this selective self-assembly 



may allow us to develop a strategy that can be used to select any chirality. To 
this effect we investigated FC12 and a smaller analog of FC12, i.e. lumazine 
(LC10) where the terminal phenyl ring of flavin has been removed, resulting in 
a bicyclic, rather than a tricyclic moiety using spectroscopy and molecular 
mechanics calculations. The aim of this study is to elucidate the organizational 
pattern of lumazine (LC10) around SWNTs in comparison to that of FC12, 
which can reveal the underlying recognition pattern leads to chiral selectivity. 
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Microrobots at interfaces 

Denise Wong3, Iris Liu2, Sambeeta Das3, Edward Steager3, M. Ani Hsieh3, 
Vijay Kumar3, Kathleen J. Stebe1, kstebe@seas.upenn.edu. (1) Chem 
Biomole Dept Rm 311A, Univ of Pennsylvania, Philadelphia, Pennsylvania, 
United States (2) Chemical and Biomolecular Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania, United States (3) Mechanical 
Engineering and Applied Mechanics, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States 

Colloids at fluid interfaces assemble via capillary interactions. These 
interactions have universal aspects for particles far from contact, as the 
longest range mode of interface distortion is the same for particles too small to 
experience body forces or torques. Near contact, various aspects of particle 
shape determine structures that form. Capillary interactions also depend on 
interface shape; particles migrate along principle axes to sites of high 
deviatoric curvature. Here we combine these passive interactions with a 
magnetic robot that serves as a mobile distortion site. The ability to 
manipulate the interface shape dynamically opens new degrees of freedom 
for bottom up assembly at interfaces and for tunable structures. 

COLL 306 

Collective behavior of self-powered single molecules and 
nano/microparticles 

Ayusman Sen, axs20@psu.edu. Penn State Univ, University Park, 
Pennsylvania, United States 

Self-powered nano and microscale moving systems are currently the subject 
of intense interest due in part to their potential applications in nanomachinery, 
nanoscale assembly, robotics, fluidics, and chemical/biochemical sensing. 



One of the more interesting recent discoveries has been the ability to design 
nano/microparticles which catalytically harness the chemical energy in their 
environment to move autonomously. These "bots" can be directed by 
chemical and light gradients. Further, our group has developed systems in 
which chemical secretions from the translating micro/nanomotors initiate long-
range, collective interactions among the particles. This behavior is reminiscent 
of quorum sensing organisms that swarm in response to a minimum threshold 
concentration of a signaling chemical. In addition, an object that moves by 
generating a continuous surface force in a fluid can, in principle, be used to 
pump the fluid by the same catalytic mechanism. Thus, by immobilizing the 
nano/micromotors, we have developed nano/microfluidic pumps that 
transduce energy catalytically. These non-mechanical pumps provide precise 
control over flow rate without the aid of an external power source and are 
capable of turning on in response to specific analytes in solution. In addition, 
the catalytic pumps can be harnessed for directional delivery of microparticles 
in specific locations in space. We will discuss recent experimental results, as 
well as approaches to the modeling of the complex emergent behavior of 
these particles. 

COLL 307 

Tuning the hydrodynamics and collective behaviors of active colloidal 
motors via a chemical approach 

Ning Wu, ningwu@mines.edu, Xingfu Yang. Chemical and Biological 
Engineering, Colorado School of Mines, Golden, Colorado, United States 

As demonstrated in biological systems, breaking the symmetry of surrounding 
hydrodynamic flow is the key to achieve autonomous locomotion of 
microscopic motors. In recent years, a variety of synthetic motors have been 
developed based on different propulsion mechanisms. Although collective 
motion of those motors has been observed, fine control of the hydrodynamics 
of individual motors and the resulting assembly behavior is chanlleging. In this 
talk, we will report the observation of collective assembly of asymmetric 
colloidal motors under an applied aleternating current electric field. Although 
the motors experience strong dipolar repulsion from each other and are highly 
active, surprisingly, they assemble into a variety of close-packed and stable 
structures. We show that, through combined experimental and numerical 
investigations, it is the electrohydrodynamic interaction between specific parts 
of the asymmetric motors that drives the assembly. By changing both the 
interfacial and geometric properties of the colloidal motors via a chemical 



approach, we can fine-tune the assembly patterns resulting from collective 
motion of the motors. 
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Spatiotemporal dynamics of filamentous bacteria near and on affinity 
substrates 

Justin Jahnke1, justin.jahnke2.ctr@mail.mil, Jessica Terrell1, Austin Smith1, 
Xuanhong Cheng2, Dimitra N. Stratis-Cullum1. (1) US Army Research 
Laboratory, Adelphi, Maryland, United States (2) Materials Science and 
Engineering, Lehigh University, Bethlehem, Pennsylvania, United States 

Bacteria (e.g., E. coli) are a common example of active colloids due to their 
controlled swimming behavior. They have been shown to exhibit a number of 
interesting properties, such as chemotaxis and motility-induced phase 
separation, that can be exploited to tune their behavior. Furthermore bacteria 
grow as high aspect ratio (~100:1) filaments using a readily induced stress-
response. Filamentous bacteria retain behavior such as swimming and 
chemotaxis, making them an interesting system for study. Here, we examine 
the behavior of filamentous bacteria near and at surfaces to show how these 
filamentous bacteria can respond to environmental changes. The orientation 
of filamentous bacteria during attachment is examined as a function of 
filament length and shear rate. The affinity of filaments to the surface is shown 
to affect behavior such as growth rate, filament terminal length and filament 
shape on the surface. Shear is also shown to affect the shape and direction of 
filament growth on surfaces. The prospects for exploiting these interactions for 
material development will be discussed. 
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Surface-bound enzymatic reactions organize microcapsules and 
protocells in solution 

Oleg E. Shklyaev1, Henry Shum1, Ayusman Sen2, Anna Balazs1, 
30704571@acs.org. (1) University of Pittsburgh, Pittsburgh, Pennsylvania, 
United States (2) The Pennsylvania State University, University Park, 
Pennsylvania, United States 

By developing new computational models, we examine how enzymatic 
reactions on an underlying surface can be harnessed to direct the motion and 
organization of reagent-laden microcapsules in a fluid-filled microchannel. In 



the presence of the appropriate reagents, surface-bound enzymes can act as 
pumps, which drive large-scale fluid flows. When the reagents diffuse through 
the capsules’ porous shells, they can react with enzymatic sites on the bottom 
surface. The ensuing reaction generates fluid density variations, which result 
in fluid flows. These flows carry the suspended microcapsules and drive them 
to aggregate into “colonies” on and near the enzyme-covered sites. This 
aggregation continues until the reagent has been depleted and the convection 
stops. We show that the shape of the assembled colonies can be tailored by 
patterning the distribution of enzymes on the surface. This fundamental 
physicochemical mechanism could have played a role in the self-organization 
of early biological cells (protocells) and can be utilized to regulate the 
autonomous motion and targeted delivery of microcarriers in microfluidic 
devices. 

COLL 310 

Engineering of shape-changing and motile colloidal assemblies: 
Magnetically reconfigurable clusters and self-propelling microbots 

Orlin D. Velev, odvelev@ncsu.edu. Dept Chem Biomol Eng, North Carolina 
State University, Raleigh, North Carolina, United States 

This talk will present strategies for magnetic field driven assembly and 
manipulation of dynamic and active structures from colloidal particles. 
Achieving reconfigurability requires designing means of flexibly connecting the 
particles and programming their response. The flexible binding can be 
achieved by capillary bridging or by magnetic attraction. We will first describe 
the assembly of ultraflexible fibrils from magnetically responsive nanoparticles 
bound by nanocapillarity. The nanocapillary binding leads to easy particle 
rolling and sliding. The soft, "snappable," capillary interactions enable the 
making of magnetically self-repairing gel networks, novel 3D-printing inks, and 
precise clusters from Janus particles. Next, we will discuss how magnetically 
responsive metallo-dielectric Janus microcubes can be assembled 
hierarchically into dynamically reconfiguring microclusters and chains. 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 will analyze the 
dynamics of these active structures under different propulsion conditions on 
the basis of a “coupled scallop” model and will suggest means of controlling 
the motility in in different directions by means of both particle sequence and 
signal shape. 

 

COLL 311 

New generation of remotely AC-field-powered self-propelling active 
particles with on-demand assembly and propulsion 

Ugonna Ohiri1, ugonna.ohiri@duke.edu, Koohee Han2, C. W. Shields 3, 
Talmage Tyler1, Orlin D. Velev2, Nan M. Jokerst1. (1) Electrical & Computer 
Engineering, Duke University, Durham, North Carolina, United States (2) 
Chemical & Biomolecular Engineering, North Carolina State University, 
Raleigh, North Carolina, United States (3) Biomedical Engineering, Duke 
University, Durham, North Carolina, United States 

We report a new class of active colloidal particles, which exhibits self-
propelled motion and adopts non-equilibrium behaviors by harvesting energy 
from applied external electrical fields. We explore the use of external 
alternating current (AC) electric fields to energize the particles, as these fields 
enable the particles to propel and assemble into predefined structures. 
Velev et al. previously demonstrated the ability to remotely maneuver larger 
millimeter-sized commercial diodes by applying AC electric fields. Here, we 
show the design, fabrication and characterization of a new class of 
monodisperse n-type semiconductor particles and p-n junction diodes that (i) 



can be manufactured parallel and in mass quantities, leveraging standard 
silicon circuit manufacturing technologies and (ii) enables the opportunity to 
study the dynamic interaction of particle ensembles. We will first present the 
engineering design of n-type silicon particles (with and without patterned 
metallizations) and p-n junction diodes (with and without patterned 
metallizations), and the fabrication of millions of these micron-sized particles 
in a single run. The design options for these engineered particles include 
shape, size, doping patterns, metallization patterns and patterned 
metallization and dielectric layers. We will then show that this new class of 
engineered semiconductor particles draws energy from external AC electric 
fields to actively propel, deflect off of each other and undergo sequential 
particle assembly and disassembly in a highly controllable fashion. We will 
discuss how varying the magnitude and frequency of the applied AC electric 
field can control the electrohydrodynamics governing particle locomotion. 
Finally, we will explore how the design parameters of these semiconductor 
particles can be modified to achieve customized locomotions and assembly 
interactions that may serve as a basis for constructing new and emerging 
types of active matter assemblies. 

 
 
Monodispere p-n junction diodes sitting on the bulk substrate. 
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Shaped-directed dynamics of active colloids 



Kyle J. Bishop1, kjmbishop@gmail.com, Allan Brooks2, Syeda Sabrina2. (1) 
Columbia University, New York, New York, United States (2) Pennsylvania 
State University, State College, Pennsylvania, United States 

The creation of colloidal machines – that is, dynamic assemblies of colloidal 
components that perform useful functions – requires advances in our ability to 
rationally engineer the dynamics of active colloids operating outside of 
thermodynamic equilibrium. Owing to their small size (nanometers to 
microns), such machines must assemble spontaneously and operate 
autonomously in response to simple energy inputs due to chemical fuels or 
external fields. Achieving non-trivial dynamical behaviors and ultimately 
function demands the use of complex components, into which the desired 
behaviors can be effectively encoded. The challenge is conceptually similar to 
that of programmable self-assembly, whereby assembly information encoded 
in the building blocks directs their organization into a specific structure. 
Extending this approach to design colloidal machines will require control over 
particle organization in time as well as space – that is, over dynamics as well 
as structure. In pursuit of this goal, it is instructive to consider the dynamics of 
even a single particle and how it might be programmed to perform 
increasingly complex tasks. This talk describes how the shape and symmetry 
of colloidal particles can be used to direct particle motions powered by 
induced-charge electrophoresis and asymmetric acoustic streaming. 

COLL 313 

Surface functionalized biodegradable polymersome for targeted drug 
delivery 

Susmita Roy, rsusmita@ntu.edu.sg, Madhavan Nallani. School of Materials 
Science and Engineering, Nanyang Technological University, Singapore, 
Singapore, Singapore 

In recent years' polymersomes, self-assembled polymeric vesicles emerge 
from block copolymers, have been widely investigated due to their enhance 
stability and unique advantageous properties compared to their phospholipid 
counterpart, liposomes, dendrimers, and micelles. It provides a distinctive 
platform for advanced therapeutics and the creation of complex (bio) 
catalytically active systems for research in Nanomedicine and synthetic 
biology. Inspired by nature, where compartmentalization of biological 
components is all ubiquitous, we are interested in developing a platform 
technology of self-assembled multifunctional compartments with applications 
in areas from targeted drug/gene delivery, biosensing, pharmaceutical to 



cosmetics. Polymersome surfaces can be a proper choice of derivatization 
with a controlled amount of functional groups. To achieve site-specific 
targeting of polymersomes, biological recognition motives can be attached to 
the polymersomes surface by standard bioconjugation techniques, (like 
esterification, amidation, thiol-maleimide coupling, click-chemistry routes or 
other coupling methods). Herein, we are developing easy going, one-step 
bioconjugation strategies for site-specific surface functionalized biodegradable 
polymeric and/or polymer-lipid hybrid vesicles for targeted drug delivery. 
Biodegradable polymer, polycaprolactone-b-polyethylene glycol (PCL-PEG), 
polylactic acid-b-polyethylene glycol (PLA-PEG) and phospholipid, 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) has been widely used 
for numerous vesicle formulations.Some of these drug-loaded formulations 
are being tested on mice for controlled release. These surface functionalized 
polymersomes are also appropriate for membrane protein 
reconstitution/insertion, antibodies conjugation and various bioconjugation 
with diverse targeted molecules for controlled drug delivery. 
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Patchy and degradable polymersomes enabled by a miktoarm star 
terpolymers and polypeptoids 

Jens Gaitzsch3, jens.gaitzsch@unibas.ch, Vijay Chudasama2, Robert 
Luxenhofer1, Giuseppe Battaglia2, Wolfgang Meier3. (1) Dept Chemie und 
Pharmazie, Universitat Wurzburg, Würzburg, Germany (2) Dept of Chemistry, 
University College London, London, United Kingdom (3) Department of 
Chemistry, University of Basel, Basel, Switzerland 

Synthetic compartments are of major interest at the present time. As synthetic 
analogues to liposomes, polymersomes get a great attention in this field. The 
chemical versatility of the amphiphilic block-copolymers is key to the versatility 
of polymeric vesicles, or polymersomes. May it be as nanoreactors (e.g. 
cross-linked ones) or as as drug-deliver vesicles (e.g. pH or temperature-
senstive ones), these vesicles can be applied in either field. However, some 
drawbacks still remain. One of these drawbacks is that Polymersomes usually 
have a surface without any domains, while natural vesicles often exhibit a 
highly patterned surface. 
We accomplished polymer vesicles with stable surface domains using a 
miktoarm star terpolymer based on dibromomaleimide (see figure). Simply 
mixing the star terpolymer with an amphiphilic diblock copolymer, produces 
polymersomes with stable domains on their surface (see figure). By adjusting 
the composition of the mixture of both polymers, we could fine-tune the size 
and amount of the surface domains of the vesicle. 
Another important aspect of polymersomes is that all vesicles made from 
vinylic polymers are not biodegradable. While this induces stability, it also 
hinders some biological applications. We thus investigated other polymeric 
systems to achieve biodegradable, yet still functional polymersomes. Our 
research into polyesters and polyamides from (radical) ring opening 
polymerisation showed that pH sensitive and biodegradable vesicles are well 
within reach and that especially block-copolypeptoids show high value for 
these nanoparticles. Their synthetic origin and composition of the side chain 
show that giant and small and multi-layered polymer vesicles can be produced 
easily, making peptoids a potent match for vinylic polymers. 

 



 
 
Figure 1: Left: A dibromomaleimide core molecule is transformed to a miktoarm 
terpolymer in efficient reactions. The final star is then mixed with a linear amphiphilic 
block-copolymer to give patchy polymersomes. Right: In separate experiments, short 
and long block-copolyptoids are self-assembled into small and giant. 
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Self-assembly of peptide bolaamphiphiles into nanostructures for siRNA 
delivery 

Zhibin Guan1, zguan@uci.edu, Alex Eldredge2, Dongchu Yang3. (1) 1102 Nat 
Sci II, Univ of California, Irvine, California, United States (2) University of 
California, Irvine, Irvine, California, United States 

Our laboratory has recently designed a series of peptide bolaamphiphiles 
(bolas) that demonstrate high efficiency for the delivery of small interfering 
RNA (siRNA) while exhibiting low cytotoxicity and hemolytic activity. The polar 
head groups of our bolas are composed of either linear or dendritic peptides. 
The nonpolar linkers of the bolas are either hydrocarbon or fluorocarbon 
chains. Systematic investigation into structure–property relationships revealed 
an important correlation between molecular design, self-assembled 
nanostructure, and biological activity. The unique bolaamphiphile architecture 
proved a key factor for improved complex stability and transfection efficiency. 
The optimal vector contains a fluorocarbon core and exhibited enhanced 
delivery efficiency to a variety of cell lines and improved serum resistance 
when compared to hydrocarbon analogues and lipofectamine RNAiMAX. In 
addition to introducing a promising new vector system for siRNA delivery, the 
structure–property relationships and “fluorocarbon effect” revealed herein offer 
critical insight for further development of novel materials for nucleic acid 
delivery and other biomaterial applications. In this talk, I will discuss the 
design, synthesis, and biological studies of the new bolaamphiphile vectors. 
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Peptide insertion into lipid bilayer creating membrane pores 

Ramanathan Nagarajan, ramanathan.nagarajan.civ@mail.mil. Natick Soldier 
RDEC, Natick, Massachusetts, United States 

Alamethicin is a 20-amino-acid, α-helical antimicrobial peptide that is believed 
to kill bacteria through pore formation in the inner membranes. In this work, 
we use a phenomenological model of pore formation in lipid bilayers to 
interpret experimental results on the interactions of alamethicin with a 
supported lipid bilayer obtained by quartz crystal microbalance with 
dissipation monitoring (QCM-D). Based on model calculations in conjunction 
with the QCM-D data, we examine the formation of alamethicin clusters and 
alamethicin pores in the bilayer as functions of bulk alamethicin concentration 
in the contacting aqueous phase. We also calculate the peptide-to-lipid ratio 
(P/L) in the bilayer from QCM-D data as a function of the peptide 
concentration and compare it against the literature data for vesicle 
membranes. 
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Pyrrolidone diblock copolymers nano-objects: From bulk to interface 

Jinfeng Dong, jfdong@whu.edu.cn. Chemistry, Wuhan University, Wuhan, 
China 

A series of structurally controllable novel amphiphilic diblock copolymers 
based on poly-(N-(2-methacrylaoyxyethyl) pyrrolidone (PNMP) and poly-lauryl 
methacrylate (PLMA) are developed by the reversible addition-fragmentation 
chain transfer (RAFT) polymerization. Well defined nano-objects such as 



spherical micelles, worm-like micelles and vesicles are observed in dodecane. 
The structural transitions between those self-assemblies are studied in the 
variation of block size and temperature. Rather surprisingly, when water is 
added into dodecane phase, Pickering emulsions are formed with the 
stabilization of those nano-objects. Various techniques such as laser conforcal 
microscopy, Freeze fracture TEM are employed to prove the existence of 
polymer nano-objects at the oil-water interface. A water soluble dye and an oil 
soluble dye are added to the Pickering emulsion to identify the emulsion type, 
O/W or W/O. Worm-like micelles and vesicles are found to be good Pickering 
emulsifiers which can endure the shear rate as high as 15,000rpm, whereas 
spherical micelles are broken into surfactant monolyers at the oil-water 
interface. The mechanism underlying the self-organization of amphiphilic 
block copolymers in the bulk and oil/water interface is discussed and 
hypothesized. 
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Aqueous self-assembly of AnK peptides 

Ulf Olsson, ulf.olsson@fkem1.lu.se. Physical Chemistry, Lund University, 
Lund, Sweden 

Peptide self-assembly has received considerable attention in the recent years. 
The reasons are essentially three fold. Peptide fibrillation and amyloid 
formation appear to be somehow associated with more than 20 neuro-
degenerating diseases. Secondly, there are many peptide based materials 
with potential applications in nano- and medical technology. Furthermore, the 
number of peptide-based drugs on the market is rapidly growing, and for the 
formulation at higher concentrations, aggregation can be an issue. Small 
peptides may self-assemble in solution into well defined b-sheet based 
structures of various shapes like ribbons, rods, plates or tubes. The aqueous 
self-assembly is typically driven by hydrophobic interactions but much of 
peptide self-assembly is far from understood. For example, it is not always 
clear whether the observed self-assembly corresponds to equilibrium 
“micelles”, characterized by an equilibrium size distribution, or to kinetically 
stable precipitates “nanoparticles”. In an attempt to be systematic, we 
characterized the aqueous self-assembly behavior within the homologous 
peptide series AnK (alanlys) with n=4, 6, 8 and 10. In this talk we will discuss 
structural variations and address a number of open questions. 
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Effect of pH of skincare and cleansing products on the stratum corneum 
barrier function 

K.P. Ananthapadmanabhan, ananthky@ucmail.uc.edu. Pharmay, University 
of Cincinnati, Cincinnati, Ohio, United States 

Stratum corneum (SC) is the first line of defense against desiccation and 
penetration of chemicals and allergens into the body. This bio-membrane 
consists of keratinous proteins embedded in a lipid matrix. SC has been well 
engineered to renew itself in an orderly fashion and it is a hot bed of 
enzymatic activity that help control desquamation, hydration and barrier 
synthesis. Several of these processes are affected by SC hydration and pH 
and have optimal values for their optimal function. 
Products such as cleansers and leave-on lotions applied on skin can affect 
the hydration and pH properties of the SC and in turn can affect its structure 
and function. Typical pH of healthy SC is around 4.5 to 5. For this reason, 
there has been trend in the recent years to create products at skin’s natural 
pH with the implication that the products with pH different from skin’s natural 
pH are harsher towards skin. In this review, the role of pH of cleansers and 
leave-on lotions on skin pH and its functional properties is examined. It is 
shown that a product at skin’s natural pH may or may not be ideal for a 
product depending upon the type of ingredient present in the formulation. 
Thus, the importance of understanding the interaction of ingredients in a 
product at the formulated pH with SC proteins and lipids is discussed with 
specific examples from leave-on and wash off products.  

COLL 320 

Targeting precision nanomedicines to the tumor microenvironment 

Daniel A. Heller1,2, hellerd@mskcc.org, Yosi Shamay1, Adriana Haimovitz-
Friedman1, Maurizio Scaltriti1. (1) Memorial Sloan Kettering Cancer Center, 
New York, New York, United States (2) Weill Cornell Medical College, New 
York, New York, United States 

Many precision medicines, such as kinase inhibitors, must reach tumors at 
relatively high concentrations to achieve a therapeutic response. 
Disseminated tumors, however, are poorly accessible to nanoscale drug 
delivery systems because of the vascular barrier, which attenuates 
extravasation at the tumor site. We synthesized fucosylated polysaccharide-



based nanomaterials to bind a new target to localize personalized drugs to the 
tumor microenvironment to obviate dose-limiting toxicities and concomitantly 
improve therapeutic index. P-selectin, a molecule expressed on activated 
vasculature that facilitates metastasis by arresting tumor cells at the 
endothelium, was studied for its potential to use the same mechanism to 
arrest nanomedicines at the tumor vessels. We found that the nanoparticles 
targeted MEK and PI3K inhibitors to tumor sites in both primary and 
metastatic models, resulting in superior anti-tumor efficacy and the striking 
reduction of toxicities. In tumors devoid of P-selectin, we found that ionizing 
radiation guided the nanoparticles to the disease site by inducing P-selectin 
expression, suggesting a potential strategy to target disparate drug classes to 
almost any solid tumor. 

COLL 321 

Targeting lung adenocarcinoma using fibrin-specific short linear peptide 
motif 

Jeong Heon Yu1, zhenxian17@naver.com, Moon Young Yang2, Yoon Sung 
Nam1,2. (1) Material Science Engineering, KAIST, Daejeon, Korea (the 
Republic of) (2) KAIST Institute for the NanoCentury, Korea Advanced 
Institute of Science and Technology, Daejeon, Korea (the Republic of) 

The excess formation of fibrin networks, called hypercoagulation, is an 
important cardiovascular disease biomarker. However, it is technically very 
challenging to specifically diagnose hypercoagulation because fibrin is 
structurally very similar (~80 %) to its precursor, fibrinogen, which is abudant 
in the blood. Here we report a fibrin-targeting heptameric peptide specifically 
binding to the pocket space of fibrin generated during the fibrinogen-to-fibrin 
transformation. We also determine that this newly identified peptide has a 
targeting capability to metastatic human non-small cell lung cancer (NSCLC) 
cell lines. Fibrinogen is a 340 kDa plasma glycoprotein that facilitates blood 
clotting and has three submodules (alpha, beta, and gamma) in its soluble 
form. According to the crystal structure of the gamma module, a pocket space 
is generated when P2 (γ381-390) in the beta sheet structure is exposed 
outward and interact with adjacent P2. Computational docking simulations are 
used to design a heptameric peptide (IPLVVPM) that can bind to the pocket 
space where the P2 moiety is pulled out. The computational analysis indicates 
that the peptide including the PxxxP linear motif and amino acids with 
hydrophobic and small side chain (e.g., isoleucine, valine, and leucine) can be 
inserted into the generated pocket space. For the experimental confirmation of 
the interaction between the peptide and the pocket space of the fibrin gamma 



module, two variations of recombinant proteins are generated: full gamma 
module and P2-truncated gamma module. The specific binding of the selected 
peptide to the pocket space is analyzed using recombinant variants of the 
gamma module by size exclusion chromatography and circular dichroism. 
Furthermore, we also determine whether IPLVVPM can specifically bind to the 
extracellular matrix of human alveolar adenocarcinoma cells (A549) because 
it is known that A549 has a high mRNA expression level of fibrinogen, and 
fibrin facilitate epithelial–mesenchymal transition. The results indicate that the 
peptide preferentially binds to A549 while exhibiting a low binding affinity to 
other types of cells. Also, orthotropic in vivo binding affinity analysis confirms 
the specificity and selectivity of the peptide. 

COLL 322 

Dectin-1 targeting delivery of a YB-1 antisense oligonucleotide with a 
beta-1,3-glucan carrier 

Nobuaki Fujiwara1, x6mab015@eng.kitakyu-u.ac.jp, Hiroto Izumi2, Shinichi 
Mochizuki1, Kazuo Sakurai1. (1) Department of Chemistry and Biochemistry, 
The University of Kitakyushu, Fukuoka, Japan (2) University of Occupational 
and Environmental Health,Japan, Fukuoka, Japan 

We found that a β-1,3-glucan schizophyllan (SPG) forms a macromolecular 
complex with single chain homo-polynucleotides, including poly deoxyadenine 
[poly(dA)]. β-1,3-glucans can bind to a lectin called Dectin-1 expressed on 
several immunocytes and the SPG/poly(dA) complex also bind to Dectin-1. By 
use of this recognition, antisense oligonucleotides that have a poly(dA) tail 
can be specifically deliver to immunocytes to downregulate a target protein. It 
has been reported that human dectin-1 has eight splice variants. In this study, 
we cloned human Dectin-1 variants and prepared the transfectants, and 
evaluated which variant show affinity to the SPG/DNA complex. Among the 
eight splice variants, we chose the six types of Dectin-1 containing the 
carbohydrate recognition domain and prepared the transfectants for PC3 cells 
which is a prostate cancer cell. Treatment with SPG/YB-1-antisence 
complexes induced the downregulation of YB-1 expression for the cells with 
variant 1, 2, 3 and 4, resulting in the suppression of cell growth, where YB-1 is 
a Y-box-binding protein. Especially, in the cells with variants1, 3, and 4 having 
stalk region, the complexes strongly inhibited the gene expression of YB-1 
and cancer cell growth. Variant1, 3 and 4 also have N-glycosylation site. 
These findings suggest that a stalk region plays an important role in not only 
cellular uptake of the complex but also expression on the cell surface. 



 

 

COLL 323 

Glycopolypeptide self-assembled nanomaterials as efficient delivery 
systems with multivalent properties 

Sebastien Lecommandoux, lecommandoux@enscbp.fr. LCPO-ENSCPB, 
University of Bordeaux, Pessac, France 

Polymersomes are among the most attractive systems for drug delivery 
applications. We report here an overview on the self-assembly in water of 
amphiphilic block copolymers into polymersomes, and their applications in 
loading and controlled release of both hydrophilic and hydrophobic molecules 
and biomolecules. We pay special attention to polysaccharide and 
polypeptide-based block copolymer vesicles. These copolymers that mimic 
the structure and function of glycoproteins represent an example of the 
effectiveness of a biomimetic strategy in implementing materials design. In 
this context, we developed over the last years synthetic strategies for the 
design of glycosylated polypeptides and polysaccharide-polypeptide 
biohybrids with controlled placement of sugar functionality. We were 
especially interested in designing amphiphilic copolymers able to self-
assemble into well- defined micelles and vesicles that can advantageously be 
loaded with drugs and present a surface with multivalent presentation of 
bioactive saccharides or oligosaccharides. The ability of these nanoparticles 
for different biomedical applications, from drug-delivery to inhibitor, will be 
presented. 

  



COLL 324 

Aptamer micelles targeting cancer cells expressing the chemokine 
fractalkine 

Michael A. Harris1, Timothy R. Pearce2, Thomas Pengo3, Huihui Kuang1, 
Colleen Forster4, Efrosini Kokkoli1, kokkoli@umn.edu. (1) Department of 
Chemical Engineering & Materials Science, University of Minnesota, 
Minneapolis, Minnesota, United States (2) Department of Biomedical 
Engineering, University of Minnesota, Minneapolis, Minnesota, United States 
(3) University of Minnesota Informatics Institute, University of Minnesota, 
Minneapolis, Minnesota, United States (4) BioNet, Academic Health Center, 
University of Minnesota, Minneapolis, Minnesota, United States 

There is a growing need for cancer therapeutics to be delivered without off-
target side effects; in order to do this, the cancer cells must express a unique 
target. We have previously developed a single stranded DNA (ssDNA) 
aptamer, FKN-S2, that binds to a novel extracellular chemokine, fractalkine, 
with high affinity and specificity. Unlike other chemokines, fractalkine has 
been shown to act as an adhesion molecule and is expressed on inflamed 
and cancerous cells thus making it a promising target for cancer therapeutics. 
We synthesized the FKN-S2 as an aptamer-amphiphile and showed that self-
assembles into 18 nm micelles. The FKN-S2 micelles decorated with 
polyethylene glycol (PEG) were delivered to mouse colon adenocarcinoma 
cells that expressed human fractalkine (MCA-38.FKN) as well as control 
healthy cells in vitro, and only the MCA-38.FKN cells were shown to 
internalize the micelles.The MCA-38.FKN cells were subcutaneously injected 
into nude female mice to create xenograft tumors for in vivo experiments. The 
biodistribution and uptake of FKN-S2 PEGylated micelles was compared to 
random ssDNA-amphiphile PEGylated micelles using 64Cu-labeling for in 
vivo micro positron emission tomography (µPET)/computerized tomography 
(CT) imaging, and fluorescence labeling for ex vivo confocal microscopy 
imaging. Although the biodistribution of the two micelles was the same, ex 
vivo confocal microscopy showed that only the FKN-S2 micelles were capable 
of internalizing into the tumor cells. This is the first demonstration of a ssDNA 
aptamer, or any other ligand being used to target fractalkine for in vitro and in 
vivo delivery of nanoparticles to fractalkine-expressing cells, and shows that 
the FKN-S2 micelles may serve as a valuable tool for developing targeted 
therapies in the future. 

  



COLL 325 

Carbonic anhydrase IX targeted nanosystems for hypoxic tumor 
detection and treatment 

Marc A. Ilies, mailies@temple.edu. Temple University, Philadelphia, 
Pennsylvania, United States 

Cancer remains a leading cause of mortality worldwide and its incidence is 
expected to increase dramatically in the next decades due to epigenetic 
factors, increased lifespan of population and better management of 
cardiovascular diseases. Many cancers are very hard to treat because in early 
stages they are asymptomatic, and relatively hard to detect under routine 
investigations. Finding new methods for early cancer detection and efficient 
treatment is thus essential for better management of many malignancies. 
 
In this context, it was recognized that microtumors generated from early 
malignant cells that divide rapidly become quickly hypoxic due to lack of 
vascularization. Hypoxia triggers the expression of HIF-1, which in turn 
triggers the expression of more than 500 genes that are translated into 
H+ pumps, various transporters, proteins involved in angiogenesis and in 
different metabolic pathways that become overexpressed in hypoxic tumors 
such as glycolysis, anabolic processes, etc. Among the proteins expressed to 
support malignant cell metabolism and homeostasis is a membrane-bound 
isozyme of carbonic anhydrase, namely CA IX. 
 
We will present the latest developments in our lab towards targeting CA IX 
with various soft and hard nanosystems and their applications towards 
hypoxic tumor detection and towards their treatment, either alone, or in 
combination with chemotherapeutic drugs as novel theranostic targeted drug 
delivery systems. 

COLL 326 

Aluminum nanocrystals: Size control and SERS applications 

Naomi J. Halas, halas@rice.edu. Rice Univ Ece Dept, Houston, Texas, 
United States 

Aluminum, the most abundant metal on the earth’s crust, could potentially 
provide a more sustainable alternative to gold and silver in studies of 
plasmon-resonant nanoparticles. Recently we reported the chemical synthesis 



of Al nanocrystals of uniform shape and controlled size. The plasmon 
resonance of Al nanocrystals shows a wide tunability, from the near ultraviolet 
to the near infrared region of the spectrum, as nanocrystal size is increased. 
Since chemically synthesized noble metal nanoparticles condensed into 
aggregate substrates support strong SERS enhancements, it is interesting to 
investigate whether Al nanocrystal aggregates could ultimately prove to be a 
more sustainable alternative substrate for SERS. We have observed that Al 
nanocrystals can also provide substantial SERS enhancements, but 
moreover, the ubiquitous presence of their amorphous alumina nanoscale 
surface layer supports interactions with analyte molecules that differ greatly 
from those of noble metal SERS substrates. By studying the SERS of DNA 
molecules on Al NC-based substrates we can identify a potentially promising 
label-free method for DNA detection. 

COLL 327 

Chemistry at the ends of gold nanorods 

Catherine J. Murphy, murphycj@illinois.edu. Box 59-6, Univ of Illinois at 
Urbana-Champaign, Urbana, Illinois, United States 

Gold nanorods exhibit fascinating, tunable changes in their optical properties 
as a function of aspect ratio. Many applications of these nanomaterials rely on 
their ability to interface with other materials; therefore there exists a rich 
chemical literature on functionalization of gold nanorod surfaces. However, a 
far more challenging effort is to functionalize gold nanorods only at their ends, 
or along their sides. Spatially localized functionalization would improve the 
efficiency of many plasmon-enhanced phenomena as well as enable more 
complex architectures. In this talk I will discuss our latest efforts to 
functionalize gold nanorods only on their ends, or on their sides, with 
concomitant measurements that support the localization design. 

COLL 328 

Controlling and exploiting nanoscale curvature in gold nanostars 

Teri W. Odom, todom@northwestern.edu. Northwestern University, 
Evanston, Illinois, United States 

Anisotropic gold nanoparticles exhibit optical properties that can be tuned by 
their size and shape. Common anisotropic nanoparticles, such as nanorods or 
nano-bipyramids, are formed when isotropic seed particles are added to a 



separate solution of shape-directing agents. In contrast, gold nanostars can 
be made via a seedless route, where both nucleation and directed growth 
occur in a one-pot solution. This talk will describe a set of design parameters 
for manipulating the branch length, branch direction, and overall size of gold 
nanostars. We will discuss the effects of different synthetic factors, including 
mechanical agitation, type of Good’s buffer, concentration ratio of precursors, 
and pH of the growth solution. Moreover, using density gradient centrifugation, 
we can obtain purer populations of gold nanostars with specific sizes and 
numbers of branches. Finally, we will discuss specific benefits and 
applications of the different nanoscale curvature regions of the nanostars. 

COLL 329 

Probing charge delocalization in plasmonic gold nanoparticles via a 
molecular reporter using ultrafast surface-enhanced Raman 
spectroscopy 

Emily Keller, kell1395@umn.edu, Renee R. Frontiera. Chemistry, University 
of Minnesota, Minneapolis, Minnesota, United States 

Plasmonic materials are promising materials for converting light into chemical 
energy, which can be utilized in many different applications. Plasmons are the 
collective oscillation of conduction band electrons which form upon excitation 
with light, resulting in nano-focusing of the electromagnetic field and the 
generation of hot spots. Upon relaxation of the plasmon, hot electrons can be 
generated by electron thermalization during electron-electron scattering. 
Plasmon-generated hot electrons play a key role in plasmon-driven 
photochemistry. However, the mechanism by which these electrons drive 
photochemistry, as well as the lifetime and quantum yield of plasmon-derived 
hot electrons is poorly understood. Using ultrafast surface-enhanced Raman 
spectroscopy (SERS), we can probe the plasmonic-molecular interactions on 
the picosecond time scale. Within picoseconds, hot electrons can relax 
through interactions with the metal lattice or adsorbed molecules. Ultrafast 
SERS is a pump-probe technique where a femtosecond pump beam excites 
the plasmon and a picosecond probe beam obtains a Raman spectrum of the 
system before and after the pump beam at set time delays. Here, we 
investigate the ultrafast SERS response of colloidal gold nanoparticles. We 
observe transient peak depletions for all Raman modes of the molecular 
reporter, 4-nitrobenzenethiol, on the picosecond timescale. We attribute this 
peak depletion to a transient localized surface plasmon resonance red shift 
due to electron thermalization. Once generated, hot electrons delocalize 
across the plasmonic nanoparticle aggregates. Due to the relationship 



between SERS signal magnitude and the localized surface plasmon 
resonance of the system, we can indirectly estimate the degree of charge 
delocalization across a gold nanoparticle aggregate to be 0.7%. This charge 
delocalization corresponds to the displacement of approximately 109 electrons 
per aggregate. By indirectly quantifying the degree of charge delocalization, 
our measurements will ideally lead to improvements in device design of 
plasmonic substrates for plasmon-mediated photochemistry. 

COLL 330 

Two-photon photoluminescence and biomedical applications of hollow 
gold nanospheres (HGNs) 

Jin Z. Zhang, zhang@ucsc.edu. Univ of California, Santa Cruz, California, 
United States 

Plasmonic metal nanostructures have unique and strongly shape-dependent 
optical properties useful for various applications including sensing, imaging, 
energy conversion, and therapy. Hollow gold nanospheres (HGNs) are an 
excellent example, with optical properties that can be tuned by varying the 
diameter and shell thickness for specific and desired applications. Very 
recently, we have determined that HGNs have strong two-photon 
photoluminescence (TPPL) and demonstrated applications for biomedical 
imaging of cancer cells in conjunction with photothermal ablation therapy for 
cancer treatment. Importantly, the two-photon absorption (TPA) cross-section 
of HGNs are much higher than that of gold nanorods. Even though the TPPL 
quantum yield of the HGNs is lower than that nanorods with similar surface 
plasmon resonance (SPR) absorption, their overall TPPL intensity is higher 
than that of nanorods due to much enhanced absorption, when normalized by 
mass. This could be explained by the two surfaces or less scattering of the 
HGNs compared to one of nanorods.  

COLL 331 

Super-resolution imaging of hybrid organic-plasmonic nanostructures 

Katherine A. Willets, kwillets@temple.edu. Chemistry, Temple University, 
Philadelphia, Pennsylvania, United States 

Super-resolution imaging is a far-field optical microscopy technique, which 
allows the diffraction limit of light to be overcome through the combination of 
photoswitchable optical probes and single molecule localization techniques. 



This talk describes the use of super-resolution imaging for studying the 
position of single ligands bound to the surface of single plasmonic 
nanoparticles as well as providing insight into how plasmon coupling effects 
impact the accuracy of single molecule localization. 

COLL 332 

Probing formation and transformation of colloidal nanoparticles with in-
situ synchrotron x-ray scattering 

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 unprecedented kinetics involving in nucleation and growth of 
nanoparticles. 

COLL 333 

Synthesis of shape-defined Ta3N5 and SrTaO2N nanostructures for 
photocatalysis 

Sara E. Skrabalak, sskrabal@indiana.edu. Chemistry, Indiana University, 
Bloomington, Indiana, United States 

Metal oxynitrides and nitrides are promising photocatalysts due to their ability 
to absorb visible light in comparison to their oxide counterparts. However, 
synthetic routes to these compositions as nanostructures with defined shapes 
and architectures are limited on account of the aggressive nitridation 
conditions typically employed. Here, aerosol-assisted molten salt syntheses 
are used to achieve shape-controlled oxide crystals, where the spatial and 
temporal confinement of the molten salt droplets limits crystal growth to 
nanoscale dimensions. These oxide crystals can then be converted to 
oxynitride or nitride phases with preservation of particle shape. These 
synthetic advances are demonstrated with Ta3N5 and SrTaO2N as model 



systems, where the structure-controlled samples provide enhanced 
performance for the oxygen evolution reaction and hydrogen evolution 
reaction when compared to nitride and oxynitride samples prepared from 
conventional oxide precursors. It is anticipated that other oxynitride and nitride 
compositions can be achieved with nanostructural control through the use of 
these methods. 

COLL 334 

Interfacial self-assembly of hierarchically structured nanocrystals with 
photocatalytic activity 

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 

Design and engineering of the size, shape, and chemistry of photoactive 
building blocks enable fabrication of functional nanocrystals for application in 
light harvesting, photocatalytic synthesis, water splitting, phototherapy, and 
photodegradation. Here, we report the synthesis of such nanocrystals through 
a surfactant-assisted interfacial self-assembly process using optically active 
porphyrin as a functional building block. The self-assembly process relies on 
specific interactions such as π–π stacking and ligand coordination between 
individual porphyrin building blocks. Depending on the kinetic conditions, 
resulting structures exhibit well-defined one- to three-dimensional 
morphologies such as nanowires, nanooctahedra, and hierarchically ordered 
internal architectures. At the molecular level, porphyrins with well-defined size 
and chemistry possess unique optical and photocatalytic properties for redox 
synthesis of metallic structures. On the nanoscale, controlled assembly of 
macrocyclic monomers leads to formation of ordered nanostructures with 
precisely defined size, shape, and spatial monomer arrangement so as to 
facilitate intermolecular mass and energy transfer or delocalization for 
photocatalysis. Due to the hierarchical ordering of the porphyrins, the 
nanoparticles exhibit collective optical properties resulted from coupling of 
molecular porphyrins and photocatalytic activities such as photodegradation of 
methyl orange pollutants and hydrogen production. The capability of exerting 
rational control over dimension and morphology provides new opportunities 
for applications in sensing, nanoelectronics, and photocatalysis. 

  



COLL 335 

Oxygen-insensitive hydrogen evolution sites coated by Cr and Mo 
species for overall water splitting 

Kazuhiro Takanabe, kazuhiro.takanabe@kaust.edu.sa. Ibn Sina Building 
(#3), Level 4, No. 4274, King Abdullah University of Sci Technol, Thuwal, 
Saudi Arabia 

Photocatalytic overall water splitting using semiconductor powders has gained 
tremendous interest as a solar energy conversion technology. Overall water 
splitting reaction produces both H2 and O2 in one reactor, making the system 
simple. One of the issues of such reaction is the reverse reaction of the 
products forming H2O. Using semiconductor powder, it is required or often 
essential to have hydrogen evolution catalyst on the surface. This modification 
can be metal particles, but many of such electrocatalysts are also active for 
the back reaction. The nano-sized protection layer to cover the metal surfaces 
is effective to selectively suppress back reaction without losing H2 evolution 
activity. Domen and coworkers demonstrated that the overall water splitting 
can be achieved once the metal particles (Rh, Pt, and many transition metals) 
are decorated by Cr species. Using electrochemical approach, it was 
proposed that the Cr layer acts as a kind of selective membrane: 
O2 molecules cannot penetrate through this Cr layer, but H2 molecules can, 
consistent with electrochemical and spectroscopic measurements. 
This study demonstrates our continuous efforts to find the identity and function 
of the cocatalysts for selective H2 evolution without introducing back reaction. 
Electrochemical approach gives quantitative information of the 
electrochemical materials how current would flow at a given potential. Firstly, 
the electrochemistry of Pt modified with other element, such as Cr and Mo, 
was conducted to monitor the catalysis in different atmosphere. Secondly, the 
working state of the material was investigated using in-operando X-ray 
absorption spectroscopy (XAS). The electrochemical measurement in H2 and 
O2 confirmed that the oxygen reduction reaction (ORR) is drastically 
suppressed, whereas hydrogen evolution reaction (HER) is maintained. The 
XAS results showed that the Pt oxidation state can be freely changed at 
potential sweeping with and without the coating layer. The Mo species that 
covers This interesting approach will provide design of cocatalyst for 
photocatalytic overall water splitting. 

  



COLL 336 

Nanostructures and their influence upon outer sphere electron transfer 
rates 

Mark Spitler, spitlemil@gmail.com. Center for Photoconversion and 
Photocatalysis, University of Wyoming, Laramie, Wyoming, United States 

This work illustrates how the morphology and dimension of inorganic 
nanostructures in solution should affect the rates of outer sphere electron 
transfer for nearby redox ions to a much greater degree than is predicted for a 
macroscopic planar interface. Simple Marcus theory and electrostatic 
evaluations of the self-energy of the ions near these nanostructures are used 
to calculate this effect, which is controlled by the degree to which the 
environment about the ion is the high dielectric permittivity of the solid rather 
than solution. A higher degree results in a lower reorganization energy for the 
ion and a smaller activation energy for electron transfer. The extreme of 
interest to this discussion is that of a redox ion within a spherical or cylindrical 
nanocavity of an inorganic solid. 
It has long been known how simple Marcus theory predicts electron transfer 
rates for donor and acceptor couples as a function of the difference in the free 
energy of the reaction and the experimentation which showed the parabolic 
form of transfer rates and the “inverted region,” where rates slow down. 
Variations in the outer sphere reorganization energies of donor-acceptor 
couples also result in changes of charge transfer rates predicted by this theory 
and also indicate this decrease in transfer rates. Recently, it has been 
demonstrated how the temperature dependence of electron transfer rates for 
a specific donor-acceptor couples also describes this parabolic behavior 
according to theory. This presentation on nanostructures and outer sphere 
electron transfer explores how the dielectric permittivity within Marcus theory 
may be an additional variable to control rates of electron transfer reactions. 
Geometric configurations will be examined in this work in the limits where the 
radius of the nanocavity of the solid varies from large compared to that of the 
redox ion within it to where it approaches the size of the redox ion. The 
electron transfer will be calculated as a self-exchange rate for reduced and 
oxidized forms of a redox couple to avoid considerations of electron exchange 
with the solid. To illustrate the principles involved, the solution will be taken as 
acetonitrile and the solid as ZnO. Spherical nanoshells will also be considered 
to illustrate how the same redox ion can have an accelerated electron transfer 
rate within the cavity while its rate for ions outside the shell slows down. 

  



COLL 337 

Exploring plasmonic-enhanced reduction: Catalytic hydrogen activation 
for ketone and aldehyde reduction using silver nanocubes under visible 
light 

Michael Landry3, michael.landry@mail.mcgill.ca, Christopher J. Barrett1, 
Audrey H. Moores2. (1) McGill University, Montréal, Quebec, Canada (2) 
Chem Dept, McGill University, Montreal, Quebec, Canada (3) Chemistry, 
McGill University, Montreal, Quebec, Canada 

Photochemical reactions have been investigated for over a century with an 
end-goal of harvesting light as a renewable energy source and converting it 
directly into chemical energy. One avenue to harvest visible light through 
photocatalytic reactions is by using nanomaterials. Nanomaterials of Cu, Ag 
and Au in particular possess the optoelectronic property of surface plasmon 
resonance, which confers unusually strong absorptive properties. Such 
plasmonic nanoparticles are exciting and promising candidates for light-
activated catalysis, and have been recently reported as successful. By using 
plasmonic silver nanocubes, we were able to activate of molecular hydrogen 
on the surface for the reduction of ketones and aldehydes via visible light 
irradiation at 405 nm. Only 1 atmosphere of molecular hydrogen was required 
to access increased yields, with catalytic amounts of silver, primary and 
secondary alcohols, and achieving good chemoselectivity for C=O over C=C 
reduction in the case of α,β-unsaturated ketones. Exposure to other 
wavelengths, or in the absence of light failed to provide activity, thus proving a 
direct relationship between plasmonic excitation and catalytic activity. By 
varying the irradiation intensity, we studied the relationship between plasmon 
band excitation and catalytic activity, and we propose a potential reaction 
mechanism involving plasmon-activated hot electrons. This work expands 
previous plasmonic-enhanced catalysis towards typical organic reactions, and 
uses mild conditions to access primary and secondary alcohols in a selective 
and energy economical fashion. 

 



 

COLL 338 

Quantum-sized metal nanoparticles for photoinduced chemical 
transformations 

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

Metal nanoparticles possess a high density of free electrons, which can be 
energized by absorbing light. The energetic electrons travel in the metal 
lattices, losing energy due to collisions with electrons and lattices or surface 
scattering. When the sizes of metal nanoparticles fall in the range of quantum-
sized regime (i.e., less than the mean free path of electrons), surface 
scattering dominates the relaxation of the excited electrons to emit electron 
carrying high dynamic energy (also called “hot electrons”). The “hot electrons” 
and the “hot holes” left in the metal nanoparticles can directly drive chemical 
transformations near the nanoparticle surfaces. In this talk, quantum-sized 
nanoparticles made of varying noble metals (e.g., silver, gold, platinum) will be 
discussed to highlight the strategies for increasing optical absorption cross 
sections of metal nanoparticles and enhancing the efficiency of hot carrier 
generation. 

COLL 339 

Balancing near-field enhancement, absorption, and scattering for 
effective antenna-reactor plasmonic photocatalysis 



Phillip Christopher, christopher@engr.ucr.edu. Department Chemical and 
Environmental Engineering, University of California, Riverside, Riverside, 
California, United States 

Efficient photocatalysis requires multifunctional materials that absorb photons 
and generate energetic charge carriers at catalytic active sites to facilitate a 
desired chemical reaction. Antenna-reactor complexes are an emerging 
multifunctional photocatalytic structure where the strong, localized near field of 
the plasmonic metal nanoparticle (e.g. Ag) is coupled to the catalytic 
properties of the non-plasmonic metal nanoparticle (e.g. Pt) to enable 
chemical transformations. With an eye towards sustainable solar driven 
photocatalysis we investigate how the structure of antenna-reactor complexes 
governs their photocatalytic activity in the light-limited regime, where all 
photons need to be effectively utilized. By synthesizing core@shell/satellite 
(Ag@SiO2/Pt) antenna-reactor complexes with varying Ag nanoparticle 
diameters and performing photocatalytic CO oxidation, we observed plasmon-
enhanced photocatalysis only for antenna-reactor complexes with antenna 
components of intermediate size (25 and 50 nm). Optimal photocatalytic 
performance was shown to be determined by a balance between maximized 
local field enhancements at the catalytically active Pt surface, minimized 
collective scattering of photons out of the catalyst bed by the complexes, and 
minimal light absorption in the Ag nanoparticle antenna. These results 
elucidate the critical aspects of local field enhancement, light scattering, and 
absorption in plasmonic photocatalyst design, especially under light-limited 
illumination conditions. 

COLL 340 

Temperature-dependent assembly of thermosensitive cationic diblock 
copolymers in water and on interfaces 

Francoise M. Winnik2,3, francoise.winnik@umontreal.ca, Per Claesson1. (1) 
Department of Chemistry, KTH Royal Institute of Technology, Stockholm, 
Sweden (2) Department of Chemistry, University of Montreal, Montreal, 
Quebec, Canada (3) International Center for Materials Nanoarchitectonics 
(MANA), National Institute for Materials Science (NIMS), Tsukuba, Japan 

Diblock copolymers composed of a thermo-responsive poly(2-isopropyl-2-
oxazoline) (PIPOZ) block (Mn = 7,000 g/mol) linked to a poly(3-
acrylamidopropyl)-trimethylammonium chloride) (PAMPTMA) block (Mn = 
3,500 or 8,200 g/mol) readily dissolve in salt-free water at room temperature. 
The solvent quality of water with respect to the PIPOZ block changes from 



good to poor when the solution temperature exceeds a specific temperature 
(36 oC to 63 oC, depending on the PIPOZ block length). At this temperature, 
the PIPOZ blocks dehydrate and associate. As a consequence of the relative 
length of the two blocks, the diblock copolymers form vesicles. Evidence from 
light scattering indicates that the vesicle formation involves either spheres or 
worm-like micelles precursors, depending on the heating rate. The kinetic 
control of the pathway towards vesicles may be attributed to the existence of 
several metastable states in the system, by analogy with studies of the 
isothermal self-assembly of diblock copolymers in selective solvents.  
 
The temperature-driven change in solvent condition also affects the 
interactions between PIPOZ blocks tethered to silica substrates via 
electrostatic attraction of the cationic block to silica. The effects of polymer 
concentration, pH, and temperature on the diblock adsorption on silica were 
investigated using quartz crystal microbalance with dissipation monitoring and 
ellipsometry. The interactions between adsorbed layers were assessed by 
AFM. As the solvent condition worsens, an attraction develops between 
adsorbed PIPOZ layers, an observation that is in good agreement with 
predictions of the mean-field theory. 

COLL 341 

Complexes of oppositely charged polyelectrolytes and microemulsion 
droplets: An investigation of structure and dynamics 

Miriam Simon1, Laurence Noirez2, Ingo Hoffmann3, Michael Gradzielski1, 
michael.gradzielski@tu-berlin.de. (1) Technische Universität Berlin, Berlin, 
Germany (2) Laboratoire Lyon Brillouin, Gif-sur-Yvette, France (3) Institute 
Laue Langevin, Grenoble, France 

Mixing of polyelectrolytes (PE) with oppositely charged colloids typically leads 
to complexation and one may obtain homogenously dispersed systems. One 
example are polyelectrolyte/surfactant complexes (PESCs), which are 
considered to be interesting for drug delivery. However, for delivery such 
complexes have to solubilize active agents. An alternative approach is to 
substitute the micelles by microemulsion (ME) droplets, which automatically 
contain a large amount of solubilizate. 
Accordingly, we investigated ionic oil-in-water (O/W) ME droplets in the 
presence of oppositely charged polyelectrolyte (PE), where we varied the size 
of the ME droplets, their charge density, the mixing ratio, ionic strength of the 
solution, and the type and Mw of the PE. Samples for this rather large set of 
parameters were investigated by means of static and dynamic light scattering, 



zeta-potential measurements, and as the most instructive method by small 
angle neutron scattering (SANS). 
In detail we studied MEs based on tetradecyldimethylamine oxide (TDMAO) 
as surfactant, decane as oil and hexanol as cosurfactant, which allows to 
control the droplet size. By admixing tetradecyltrimethylammonium bromide 
(TTAB) the droplet charge was varied. As polyanion sodium polyacrylate 
(NaPA) of different Mw was employed. In the phase behavior a systematic 
dependence on the Mw of the NaPA was observed. Depending on the mixing 
ratio different elongated structures are observed, whose elongation depends 
on the Mw of the NaPA. 
The interconnected nature of the droplet aggregates leads to changes in 
dynamics which was studied using pulsed field gradient NMR (PFGNMR), 
neutron spin-echo (NSE) and fluorescence correlation spectroscopy (FCS), 
thereby yielding detailed insights into the dynamic aspect of such mixed 
colloidal systems. 
These experiments give a comprehensive picture of the formed complexes 
and allow for a detailed understanding of the interactions between charged 
ME droplets and PEs. The ME – PE aggregates serve as a model system for 
complexes with a high solubilization capacity that could find potential 
applications in formulations, which contain a large amount of oil or 
hydrophobic agents with tailor-made viscosity and internal mobility, both 
required for optimized delivery. Thereby these mixtures open up the way for 
tailor-made formulation with a much higher loading capacity than normal 
surfactant/polymer complexes. 

COLL 342 

Adsorption of colloid-surfactant complexes at fluid-fluid interfaces and 
impact on mechanical properties 

Stephanie M. Kirby, Shelley L. Anna, Lynn Walker, 
lwalker@andrew.cmu.edu. Chemical Engineering, 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 343 

Correlating the attractive interactions between polymer–surfactant 
coated droplets measured via AFM to collisions in microfluidic channels 

Raymond R. Dagastine, rrd@unimelb.edu.au, Christopher Fewkes, Emily 
Jamieson, Joseph D. Berry. Department of Chemical and Biomolecular 
Engineering, University of Melbourne, Parkville, Victoria, Australia 

Adhesive emulsions are systems with attractive interactions between drops in 
which aggregation, rather than coalescence, is prevalent. Adhesive 
interactions between drops control processes such as gel formation, fluid 
microstructure and the deposition of coatings as well as play a crucial role in 
governing responsive complex fluids (e.g. formulated products in food, 
personal care products, pharmaceutical formulations). This talk will focus on 
polymer surfactant complexes, due to their ability to control both solution and 
surface properties as well as form aggregated emulsions where drops stick or 
adhere rather than coalesce within a system. To understand these 
interactions one can employ direct force methods such as Atomic Force 
Microscopy (AFM) that offer exceptional accuracy, but are often time-
consuming or limiting when attempting to examine a large number of 
parameters or solution conditions. Whereas microfluidics is a commonly used 
technique for the generation and investigation of drops behaviour at many 
solution conditions, but drop collision behaviour is often dictated by 
hydrodynamic interactions, not interfacial forces. In this work, we compare the 
adhesive interactions between polymer-surfactant coated drops measured via 
AFM to the behaviour of a novel microfluidic device capable of forming chains 
of drops based on the surface forces acting between drops under dynamic 
flow conditions. The implications of correlating adhesive interactions with 



solution conditions and molecular composition at a higher throughput scale 
using this combination of methods will be discussed. 

COLL 344 

Emulsion templated lipid vesicles 

Laura R. Arriaga, lrarriaga@quim.ucm.es. Physical Chemistry I, Universidad 
Complutense de Madrid, Madrid, Spain 

Lipid vesicles are aqueous cores stabilized by an amphiphilic bilayer that 
mimics that of cell membranes and cellular organelles. They can be used as 
model systems to study the mechanical properties of cell membranes, as 
compartments to create artificial cells, and as drug delivery vehicles. 
However, conventional methods to fabricate lipid vesicles do not allow 
controlling the vesicle size, the composition of their membrane or that of their 
water core. Achieving control over these properties is the requisite for all 
these applications, and microfluidics the key enabling technology. In this talk, I 
will focus on the use of water-in-oil-in-water double and water-in-oil-in-oil-in-
water triple emulsion droplets, fabricated using glass-capillary devices, as 
templates to form lipid vesicles with symmetric or asymmetric lipid 
compositions, respectively. I will also show that the composition of both the 
membrane and the water core of the vesicles can be perfectly controlled with 
these microfluidic approaches; this enables the formation of lipid domains in 
the vesicle membrane, to controllably tune domain formation inserting 
nanoparticles in the vesicle membrane and the fabrication of vesicles with 
multiple aqueous compartments, all identical within the same batch. I will also 
discuss how these results further broaden the applications of emulsion 
templated lipid vesicles. 

COLL 345 

Eco-friendly surfactant herders for the remediation of maritime oil spills 

charles maldarelli2, cmaldarelli@ccny.cuny.edu, Hao Zhou2, George 
John1. (1) Department of Chemistry, City College of New York, New York, 
New York, United States (2) Levich Institute and Department of Chemical 
Engineering, City College of New York, New York City, New York, United 
States 

Currently, the two principal methods for responding to a maritime oil spill are 
the use of floating barrier booms to encircle and contract the spill, so that it 



may be removed by mechanical skimming or in-situ burning, and the aerial 
spraying of surfactants onto the spill to cause the oil slick to emulsify into 
small droplets that are carried away from the site or are broken down by 
microbes. Taken together they are an inadequate toobox: Booms are difficult 
to deploy, and dispersants do not really remove the oil from the marine biota, 
and the effect of currently utilized dispersants on marine life is under dispute. 
Our object is to develop eco-friendly chemical herders for removing oil spills. 
In this method, surfactant is aerially sprayed around the spill, to lower the 
large surface tension of the surface uncontaminated by the oil. The reduction 
in the surface tension causes the floating oil layer to retract and thicken to the 
point where it can be ignited, and the spill burned away. The most effective 
surfactant herders to emerge from laboratory and field testing are silioxane 
polymers, which do not easily or rapidly degrade in the marine environment 
and are ineffective in rough seas where wave action can disintegrate the 
herding monolayer. 
 
The goal of this research is to develop a new class of effective surfactant 
herders which are molecularly designed to be eco-friendly and effective even 
on rough sea surfaces. Our central idea is to design the herder as a mixture 
consisting of two surfactant components: The first is a 
glycolipid/oligosaccharide surfactant, which, because of its sugar moiety can 
complex with polysaccharides in the sea surface to form a monolayer with 
high surface dilatational viscosity. High surface viscosities dampen surface 
waves. The second is a surfactant with isoprenoid (i.e. branched) aliphatic 
chains (e.g. phytanic acid) which intercalate into surfactant monolayers 
through their branched structure to achieve the significant tension reduction 
necessary for herding. We report measurements of the surface pressure 
isotherms and dilatational viscosities of monolayers of a glycolipid (MGDG), 
phytanic acid and their mixtures on the surface of pure water and artificial 
seawater with natural polysaccharides. In addition AFM images of Langmuir-
Blodgett films of the monolayers are obtained to understand the molecular 
structure. From these results we identify mixtures suitable for effectively 
herding maritime oil spills in rough seas. 

COLL 346 

Protein diffusion in a bicontinuous microemulsion: sub-diffusion by 
tunable soft confinement 

Thomas Hellweg, thomas.hellweg@uni-bielefeld.de. Chemistry, Bielefeld 
University, Bielefeld, Germany 



The study of protein motion inside microemulsions has relevance with respect 
to applications since microemulsions are interesting reaction media for 
enzyme catalyzed reactions with oil soluble substrates. Moreover, due to their 
variable composition microemulsions allow to tune the dimensions of the oil 
and water domains. In this contribution, we use this possibility to generate 
variable soft confinement of proteins in sugar surfactant and 
oligoethyleneglycol alkyether based bicontinuous microemulsions. As a model 
protein we employ GFP. The structure of the microemulsion matrix is studied 
by small angle scattering techniques. The protein motion inside the 
microemulsion is followed by fluorescence correlation spectroscopy (FCS). 
We observe a transition to sub-diffusional motion upon decreasing the water 
domain size. In addition to the FCS experiments, also the use of neutron spin-
echo spectroscopy (NSE) to follow enzyme motion in complex fluid media will 
be discussed and first preliminary experiments will be shown. 

COLL 347 

Lipid droplets: The interaction of amphipathic α-helix model protein with 
an oil/buffer interface 

Elizabeth K. Mann, emann@kent.edu, Mona S. Mirheydari, Edgar E. 
Kooijman. Kent State University, Kent, Ohio, United States 

Lipid droplets are dynamic cell organelles that play critical roles in biological 
processes. They are also bioemulsions, consisting of an oil core coated with a 
lipid monolayer and with proteins which bind specifically to the lipid droplet. 
The biophysics of lipid droplets are studied with a model system consisting of 
a triolein drop formed in a physiologically-relevant buffer and covered with 
phospholipid monolayer. Interfacial tension is used to characterize the droplet 
surface after addition of the protein to the buffer. ApoLp-III serves as a model 
protein for the amphipathic α-helix bundle domain in proteins associated with 
lipid droplets. We used POPC and mixtures of POPC and other lipids to study 
the effect of effective molecular shape, hydrophobicity, and headgroup size 
and charge in protein binding to the oil/buffer interface. Our data shows that 
the affinity of the protein binding to the interface increases for monolayer 
made up of POPC lipid mixed with negatively charged lipids, while the ability 
of the protein to insert into a compact lipid layer increased with lipid 
hydrophobicity. We compared the results for native and folded apoLp-III 
(which contains a disulfide bond) to explore the role of unfolding on the protein 
affinity with a POPC monolayer. Experiments are done using our home-build 
droplet tensiometer in a temperature controlled room. 



COLL 348 

Exploring the mechanisms of liquid-liquid phase separation in 
concentrated protein solutions 

Bradley A. Rogers1, rogersba227@gmail.com, Kelvin B. Rembert1,2, Matthew 
F. Poyton1, Halil I. Okur1, Tinglu S. Yang1, Jifeng Zhang2, Paul S. Cremer1. (1) 
Chemistry, Pennsylvania State University, State College, Pennsylvania, 
United States (2) MedImmune, Gaithersburg, Maryland, United States 

Aqueous solutions of macromolecules are susceptible to condensations, such 
as crystallization, aggregation, and phase separation, which are all driven by 
attractive intermolecular interactions. Protein condensations are of particular 
importance due to their role in the instability of biopharmaceutical drug 
formulations and the assembly of membrane-less organelles in biology. 
Despite their ubiquity, the underlying mechanisms of protein condensations 
are still not fully understood. Here, we studied the thermodynamics and 
kinetics of liquid-liquid phase separation (LLPS) in concentrated protein 
solutions, the process by which a homogenous solution macroscopically 
separates into a lower, protein-rich phase and an upper, protein-poor phase. 
The separations were measured over time by light scattering obtained via 
dark-field microscopy along a temperature gradient microfluidic device. Our 
analysis of the temperature-dependent kinetics of LLPS provided evidence for 
a two-stage mechanism, involving the nucleation and subsequent 
coalescence of LLPS droplets into a macroscopic protein-rich phase. By 
modulating the concentration of protein and a crowding agent, polyethylene 
glycol, we revealed the relationship of this mechanism to the thermodynamic 
regions of a colloidal phase diagram. This work provides a general 
mechanistic framework for metastability, spinodal decomposition, and gelation 
in concentrated solutions of macromolecules. 

COLL 349 

Identification and characterization of novel peptide domains, which 
exhibit binding affinities for electroactive materials 

Alexander Winton2, winton1@umbc.edu, Scott J. Riley1, Mark A. Allen2. (1) 
Chemistry, UMBC, Brooklyn, Maryland, United States (2) Chemistry and 
Biochemistry, University of Maryland Baltimore County, Catonsville, Maryland, 
United States 



The focus of this research project is to develop novel, bio-hybrid electrodes for 
lithium ion batteries which demonstrate improved performance parameters 
compared with existing materials. The proposed research goal may be 
classified into three specific aims: 1) Identification and Characterization of 
Solid Binding Peptides for Lithium Ion Battery Electrode Materials 2) Bio-
tethered Electrodes for Improvement of Cycle Life, Energy Density, and 
Power Performance and 3) Biomimetic Synthesis of Electroactive Particles 
Utilizing Identified Solid Binding Peptides. 
Currently, research is significantly focused on identifying and characterizing 
peptides with specific inorganic material binding affinities. Initially, the use of a 
combinatorial phage library enables bio-panning experiments to be performed 
for the isolation of mutant phage, which exhibit a binding affinity toward 
materials of interest such as LTO, Stainless Steel, and Multi-walled Carbon 
Nanotubes. Output/Input assays initially compare the binding affinities of 
various identified mutant phages. The peptides expressed by the binding 
mutant phage will then be purchased, or expressed and purified from bacteria, 
to study the individual peptides of interest. Isothermal Titration Calorimetry, 
site-directed mutagenesis, and Nuclear Magnetic Resonance (NMR) 
experiments are further utilized to identify specific amino acids residues 
required for material binding and to identify quantitative dissociation constant 
values for these peptides. 

 



 
Phage Display Method: used to identify novel peptide binding domains through 
artificial molecular evolution. 
 

 
 
NMR Characterization: One and Two dimensional NMR as well as titrations are 
performed in order to characterize peptide - nanoparticle interactions. 

COLL 350 

Multivalent presentation of precision glycomacromolecules on soft 
microgels for specific lectin binding studies 

Fawad Jacobi, fawad.jacobi@hhu.de, Hanqing Wang, Alberto Camaleño de 
la Calle, Stephan Schmidt, Laura Hartmann. Heinrich Heine University 
Duesseldorf, Duesseldorf, Germany 

Various biological events are mediated by the glycocalyx, a dense layer of 
carbohydrates located on the outer plasma membrane of most cell types. The 
specific interaction of the glycocalyx with lectins promotes cell-cell 
communication, immune responses or pathogens recognition. Here we 
present work on a synthetic approach towards materials mimicking 



carbohydrate presenting cell surfaces and their bioactivity by lectin binding 
studies. The materials are poly(ethylene glycol) (PEG) microgels presenting 
multivalent mannose units as ligand molecules. Focusing on the multivalent 
presentation a series of sequence-controlled precision glycomacromolecules 
with varying spacing and number of mannose units were synthesized 
following a previously established solid phase synthesis protocol. In order to 
analyze the effect of different multivalent presentation, the lectin binding 
behavior is investigated with two different assays. The first study is based on 
quantifying specific adhesion of the soft mannose presenting microgels on a 
lectin receptor surface. Therefore, the contact area of mechanically flexible 
microgels on a glass surface coated with immobilized ConA is determined 
using an interferometric technique and evaluated to determine the adhesion 
energy. The specificity of binding is demonstrated by direct binding 
experiments followed by inhibition competition experiments with α-methyl-D-
mannose with conclusive results. In the second assay, ConA was 
functionalized with the dye Rhodamine B isothiocyanate (RBITC) to 
investigate the binding affinity by fluorescence microscopy. Again the 
specificity of mannose/ConA interactions was determined by inhibition 
experiments. Both studies show a higher affinity to ConA with increasing 
number of presented sugar moieties. Besides the overall number of 
carbohydrate units, their spacing on the glycomacromolecules affects the 
lectin binding affinity in two ways. (1) The impact of additional mannose units 
decreases with narrow mannose spacing. (2) Broad spacing seems to cause 
sterical effects lowering the direct binding affinity towards ConA. 

COLL 351 

Pore formation by aggregates of antimicrobial peptides in DMPC 
liposomes 

Yuan Lyu, lv10@purdue.edu, Maya Frityanti, Xiao Zhu, Ganesan 
Narsimhan. Research Computing, Purdue University, West Lafayette, Indiana, 
United States 

Antimicrobial peptides (AMP) inactivate microorganisms by forming pores in 
cell membrane. Pore formation in DMPC bilayers by AMP melittin, its mutants 
G1I (higher hydrophobicity) and I17K (higher net charge) and Cecropin P1 as 
monitored by leakage of fluorescent dye calcein, encapsulated within DMPC 
liposomes indicated that the leakage rates and extent of leakage were in the 
order Cecropin P1 > melittin > G1I > I17K. A mathematical model for the 
evaluation of energy barrier for formation of pore consisting of peptide 
aggregates of different size interspersed with phospholipid head was 



proposed which considers detailed pore structure as well as intermolecular 
interactions. Estimated free energy barrier for insertion of melittin into an ideal 
paraboloid pore were compared with those evaluated by potential mean force 
calculations. The model was employed to elucidate the rates of formation and 
dissociation of pores by AMP and nucleation of pores in lipid bilayers. 

COLL 352 

Transmembrane difference in colloid osmotic pressure affects the lipid 
membrane fluidity of liposomes encapsulating a concentrated protein 
solution 

Hiromi Sakai, hirosakai@naramed-u.ac.jp. Department of Chemistry, Nara 
Medical University, Kashihara Nara, Japan 

A hemoglobin vesicle (Hb-V) is an artificial oxygen carrier encapsulating a 
highly concentrated hemoglobin solution (40 g/dL) in a liposome. The in vivo 
safety and efficacy of Hb-V suspension as a transfusion alternative and 
structural stability during storage have been studied extensively. Because the 
intra liposomal Hb aqueous solution can possess colloid osmotic pressure 
(COP, 200− 300 Torr) that is much higher than that of blood plasma (20− 25 
Torr), a question arises as to whether the lipid membrane senses the 
transmembrane diff erence in COP. We examined the membrane 
microviscosity using a fluorescence polarization technique. To avoid the 
interference of red Hb on the fluorescence measurement, we used human 
serum albumin (HSA) as a substitute for Hb. Both HSA and Hb solutions show 
high COP depending on the concentration. Encapsulation of HSA solution (40 
g/dL) in the liposome decreased the membrane microviscosity at a lower 
temperature (949 ± 8 cP → 607 ± 10 cP at 25 °C). The result indicates that 
the transmembrane osmotic stress induced by HSA encapsulation expands 
the liposome maximally with increasing spherical surface area, and the 
membrane fl uidity is increased extremely. Even for such a condition, the 
lowest membrane microviscosity, 377 ± 10 cP at 60 °C, is much higher than 
that of DPPC liposome (40 ± 2 cP at 60 °C). Accordingly, Hb-V as well as 
HSA-V maintains a spherical structure and mechanical stability under 
transmembrane stress caused by high COP, as described in the literature. 

 
 



 

COLL 353 

Studies of the interactions between Cu2+ and sphingosine-1-phosphate 

Alexis J. Baxter, ajb08d@gmail.com, Tinglu Yang, Paul S. Cremer. The 
Pennsylvania State University, University Park, Pennsylvania, United States 

Sphingosine-1-Phosphate (S1P) is a sphingolipid metabolite that acts as 
signaling messengers; it plays important roles in stress responses, 
inflammatory disorders and growth mechanisms. S1P contains an amine and 
a phosphate group, which have been shown to interact with Irving-Williams 
series metals such as Cu2+. Copper, the third most abundant transition metal 
in the body, is necessary for the function of many cellular enzymes. However, 
at elevated concentrations it is toxic and may participate in the formation of 
reactive oxygen species (ROS), leading to cellular damage. To investigate 
copper ion-lipid interactions, we have employed a microfluidic 
platform/fluorescence microscopy assay that works by quenching of a 
fluorophore. Previously, this assay was used to demonstrated Cu2+:1-
palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (POPS) interactions. It is 
found here that S1P binding to Cu2+ is both density and pH dependent. Due to 
its potential toxicity, copper homeostasis is carefully regulated. Formation of 
metallomembranes may play a role in neurodegenerative disorders that are 
plagued by Cu2+ dishomeostasis such as Alzheimer’s disease or Autism.  

  



COLL 354 

Functionalization of living bacterial cells with metallic nanoparticles 
mediated by surface-displayed peptides 

Hong Dong1,2, dong.rena@gmail.com, Deborah A. Sarkes1, Dimitra N. 
Stratis-Cullum1. (1) U.S. Army Research Laboratory, Adelphi, Maryland, 
United States (2) General Technical Services, Wall, New Jersey, United 
States 

Development of living abio-bio hybrids that incorporate material functionalities 
into living cells continues to be an expanding and challenging field of 
research. In this study, we investigated functionalizing living bacteria with 
metallic nanoparticles while preserving viability and function of the bacterial 
cells. Escherichia coli (E. coli) was engineered with artificial gene circuits to 
control display of peptides with desired sequences. Several designed peptide 
sequences as well as gold binding peptides identified through phage or cell-
surface display technologies were expressed on the cell surfaces using eCPX 
(enhanced Circularly Permutated outer membrane protein X) scaffolds. Driven 
by metal-peptide affinity, “bio-friendly” citrate-stabilized gold nanoparticles 
were self-assembled onto the bacteria with programmed peptides overcoming 
the repulsion force between negatively charged nanoparticles and negatively 
charged cells. The bacteria/Au NP hybrids had high viability (97%). 
Additionally, we have demonstrated that other types of metallic nanoparticles 
can be loaded to the cell surfaces mediated by surface-displayed peptides. 
Utilizing metal-histidine coordination, quantum dots (CdSeS/ZnS) were 
successfully assembled on the bacteria-expressed, histidine-containing 
peptides resulting in strong fluorescence of the cells. 

COLL 355 

Interaction of cationic poly (oxonorbornene) coated gold nanoparticles 
with model membranes 

Zheng Zheng1, zz1@umbc.edu, Yongqian Zhang4, Bo Zhi5, Isabel U. 
Foreman-Ortiz4, David Boschert6, Robert J. Hamers3, Christy L. Haynes2, Joel 
A. Pedersen3, Karen Lienkamp6, Zeev Rosenzweig1. (1) Chemistry, UMBC, 
Catonsville, Maryland, United States (2) Univ of Minnesota, Minneapolis, 
Minnesota, United States (3) Univ of Wisconsin, Madison, Wisconsin, United 
States (4) Chemistry, University of Wisconsin- Madison, Madison, Wisconsin, 
United States (5) University of Minnesota, Minneapolis, Minnesota, United 
States (6) Chemistry, University of Freiburg, Freiburg, Germany 



A nanoparticle’s surface charge is a key factor in determining its ability to 
interact with membranes. Increased positive charge is correlated with greater 
interaction with negatively charged membranes, but a high nanoparticle 
charge can be surprisingly difficulty to achieve. We study the interaction of 
cationic poly-(oxonorbornenes) (PONS) and PONS-conjugated gold 
nanoparticles (GNPs) of varying surface charge against POPC/POPG 
liposomes. Poly (oxonorbornenes) used in this study are composed of 
monomers containing two functional side chains with either butyl or amine 
functionalization. Using poly (oxonorbornenes) with increasing ratios of amine 
to butyl functionalization, we aimed to produce particles of systematically 
higher surface charge. Interaction of PONS with fluorescently quenched 
liposomes showed higher membrane disruption as amine content increased, 
with a 3:1 ratio of amine to butyl functionalization being the most disruptive. 
PONS-conjugated gold nanoparticles, however, showed greatest membrane 
disruption with a 1:1 ratio of amine to butyl functionalization, counter to what 
was expected. Zeta potential measurements showed that GNPs conjugated 
with higher amine percentage PONS resulted in particles with lower surface 
charge. The results of this study leads us to conclude that intramolecular 
interactions in amine functionalized cationic polymers as well as 
intermolecular interactions between PONS conjugated to GNPs greatly 
impacted their anti-membranal activity. 

COLL 356 

Cellular and particle dynamics in blood flow with rigid red blood cells 

Mario Gutierrez2, gutieman@umich.edu, Omolola Eniola-Adefeso1. (1) 3074 
H. H. Dow, University of Michigan, Ann Arbor, Michigan, United States (2) 
Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United 
States 

The symptoms of many blood related diseases can be attributed to 
irregularities in cellular dynamics that arise due to abnormalities in blood cells, 
particularly red blood cells (RBCs). Contingent on the disease and disease 
severity, RBCs can be afflicted with severe membrane rigidity. Extensive 
experimental research exists on characterizing the chemistry and biology of 
rigid RBCs in many diseases. However, little experimental work has been 
conducted towards isolating and investigating the effect of RBC rigidity on 
cellular dynamics, specifically on the segregation behavior known as 
margination and its effect on the binding functionality of other types of blood 
cells, i.e. white blood cells (WBCs), and vascular targeted carriers (VTCs) 
while in flow. We utilize an in vitro model to examine how different degrees of 



RBC rigidity and volume fraction of rigid RBCs, i.e. rigid RBC concentration, 
impact cell and particle margination, consequently impacting WBC and 
particle adhesion in blood flow. Healthy RBCs are treated with a peroxide to 
increase membrane rigidity and then reconstituted into whole blood to be 
perfused over activated endothelial cells under physiologically relevant shear 
conditions. Rigid RBCs are shown to reduce WBC adhesion by up to 80%, 
contingent on the peroxide treatment degree and concentration of treated 
RBCs. Particle adhesion is similarly reduced. We utilized confocal microscopy 
to gain a greater understanding of the effect of rigid RBCs on cell margination. 
Our results show that the RBC core is expanded by up to 30% in size when 
rigid RBCs are present. 

COLL 357 

Investigation of the adsorption properties of dipeptides: A 
thermodynamic, inelastic neutron scattering and modeling study 

Daniele Paradiso, dparadis@vols.utk.edu, John Z. Larese. Chemistry Dept., 
University of Tennessee, Knoxville, Tennessee, United States 

Employing novel biomaterials for use in energy and environmental 
applications is currently of great interest, in particular in the areas of gas 
separation and carbon capture. The dipeptides are one class of organic 
molecules that offer an attractive possibility in such areas, because they form 
open hexagonal crystalline structures (space group P61) with quasi one-
dimensional channels of tunable pore diameters in the range 3-6 Å. Previous 
studies indicate that these molecular crystals exhibit selective adsorption, as 
well as, water and gas transport properties. The selective permeability and 
transport properties of these biomaterials are believed to result from collective 
vibrations of the crystal structure that are coupled to the motions of the guest 
molecules within the channels. Zeolites with 1D channels of comparable 
diameter have been employed in methane/carbon dioxide separation and 
purification even at low pressure. The investigations described here are 
focused on L-Isoleucyl-L-Valine (IV) and L-Valyl-L-Alanine (VA), which have 
highly hydrophobic walls as a result of the inward pointing methyl groups that 
line the channels. High-resolution methane adsorption isotherms carried out 
for IV and VA at low pressure exhibit remarkable adsorption properties with IV 
exhibiting an adsorption capacity of 20 cm3 (STP)/g. Recent results on Metal 
Organic Frameworks (MOFs) suggest the selective adsorption properties 
might result from a close match of the gas size and the channel diameter of 
the dipeptides, due to a sizable van der Waals interaction between the 
hydrophobic walls and the methane adsorbate. In order to more precisely 



characterize the dipeptide methane interaction, high-resolution Inelastic 
Neutron Scattering measurements were performed at the Spallation Neutron 
Source (BASIS spectrometer). These studies revealed strong evidence of 
rotational tunneling for the IV-methane system, which can be used to gauge 
the rotational barrier and details concerning the potential energy surface. 
Some evidence that the flexibility and dynamical motion within the 
biomaterials channels play a significant role in the adsorption properties will 
also be presented. Recent modeling investigations of the dynamics within the 
channels will also be presented. 
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Linking gene expression with phospholipid membrane formation 

Ahanjit Bhattacharya, ahbhatta@ucsd.edu. Chemistry and Biochemistry, 
University of California San Diego, San Diego, California, United States 

Generation of membrane bound vesicles is of immense importance in the 
context of drug delivery, bioreactor design, bottom-up synthetic biology and 
origin of life studies. Arguably, the earliest forms of life flourished in 
membrane bound vesicles, as they acted as a protective compartment against 
external factors. In this work we have shown that, a simple, facile and 
chemoselective reaction between fatty acyl 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 enzyme FadD10, 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 FadD10 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. 
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Chemoselective assembly and modification of lipids for use in model 
and live-cell systems 

Andrew K. Rudd, andrewkrudd@gmail.com, Roberto Brea Fernandez, Neal 
K. Devaraj. Chemistry & Biochemistry, University of California, San Diego, La 
Jolla, California, United States 

Cells synthesize and modify lipids through complex metabolic pathways, 
requiring numerous enzymes and synthetic steps. To study the behavior of 
specific lipids in model and live cell systems it would be beneficial to create 
tools for simple and selective lipid synthesis which are compatible with 
biological conditions. Recently, we have developed platforms for 
chemoselective synthesis and modification of biomimetic lipids using non-
membrane forming precursors. These tools allow for the in-situ synthesis and 
assembly of lipid membranes as well as their modification through fatty acyl 
exchange and head group modification. Using these techniques, we have 
demonstrated the successful lipid tail remodeling of synthetic membranes 
leading to micron-sized microdomain formation, and the modulation of 
membrane charge, triggering the association and curvature inducing activity of 
the protein amphiphysin. Additionally, we have synthesized a new class of 



biorthogonal “lipid-anchors” which allow for the selective and controlled 
localization of proteins of interest to both synthetic and live-cell membranes. 
These lipids utilize a benzylguanine moiety conjugated to the phospholipid 
head group. This substrate reacts selectively with the protein SNAP-tag, 
allowing for recruitment of SNAP-tag fusion proteins to the membrane surface. 
Using SNAP-tag lipid-anchors, we have demonstrated selective protein 
tethering in phospholipid vesicles, E. coli lysate containing model cells and the 
surface of live mammalian cells. 

 
 
Modular Lipid Synthesis and Remodeling 
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New insights into the diffusion of fluorescently labeled lipid probes in 
phospholipid membranes by FRAP: Identification of multiple diffusing 
populations and their origins 

Christopher M. Smith, smithcm1@email.arizona.edu, Kaitlyn R. Griffin, Sara 
Herman, Steven S. Saavedra. Department of Chemistry and Biochemistry, 
University of Arizona, Tucson, Arizona, United States 

Since the 1980s, fluorescence recovery after photobleaching (FRAP) has 
been a key analytical tool used to assess the lateral mobility of lipids in 
membranes. FRAP recovery curves measured on planar supported lipid 
bilayers (PSLBs) formed by vesicle fusion (VF) are typically fit to a single 



exponential model; however, the fit to a single population model is not 
satisfactory, as has been noted by others in the field. This non-satisfactory fit 
is observed in FRAP data using both Rhodamine-B and 7-nitrobenz-2-oxa-
1,3-diazol-4-yl labeled phospholipid probes in several types of lipid films, 
including VF PSLBs, VF monolayers prepared on hydrophobic substrates, 
PSLBs produced by symmetric and asymmetric Langmuir Blodgett-Langmuir 
Schaefer deposition, and black lipid membranes. Rhodamine-B labeled 
probes exhibit this behavior in over ten different VF PSLB compositions 
suggesting this phenomenon is not unique to a specific phospholipid matrix. 
This behavior suggests the existence of probe subpopulations. This 
presentation will discuss the physical causes for these multiple 
subpopulations based on FRAP studies of various membrane geometries 
paired with UV-Vis spectroscopy and a novel method of FRAP data analysis. 
Results include the identification of aggregates of the lipid probes, conditions 
that effect this aggregation, and different diffusing subpopulations in the upper 
and lower leaflets of VF PSLBs. The results of this study should aid the 
creation of more precise and descriptive models to interpret FRAP data and 
are relevant for other techniques used to measure lipid diffusion, such as 
single molecule tracking.  

COLL 361 

Near infrared responsive gold-layersome nanoshells 

Akram Abbasi, Geoffrey D. Bothun, Arijit Bose, 
bosea@egr.uri.edu. Chemical Engineering, University of Rhode Island, West 
Kingston, Rhode Island, United States 

Anionic liposomes coated with the cationic polyelectrolyte poly-l-lysine (PLL), 
or layersomes, were used as soft, self-assembled templates for synthesizing 
gold nanoshells that absorb near infrared radiation. The gold-nanoshells were 
formed using two techniques (a) direct reduction of tetrachloroauric acid on 
the layersomes, and (b) reduction of a tetrachloroauric acid/potassium 
carbonate ‘growth’ solution on nanosized gold seeds bound to the surface of 
layersomes. The resulting structures were characterized by transmission and 
scanning electron microscopy, and visible-near infrared spectroscopy. Direct 
reduction produced discrete gold nanoparticles on the layersomes. The slower 
reduction from the growth solution on the gold seeds resulted in more 
complete shells. The absorption spectra of these suspensions were sensitive 
to the synthesis method. The morphology of the gold shells were tuned for 
strong absorption at the biologically safe and tissue-penetrating NIR 
wavelengths. Exposure to a laser at 810 nm produced significant heat. These 



gold-layersome nanoshells have the potential to be used for photothermal 
therapy, photothermally mediated drug delivery as well as biomedical imaging. 
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Steering an enzymatic reaction with vesicles 

Peter Walde1, peter.walde@mat.ethz.ch, Sandra Luginbühl1, Gordana Ćirić-
Marjanović2. (1) Department of Materials, ETH Zürich, Zürich, Switzerland (2) 
Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia 

Reactions catalyzed by oxidative enzymes, like laccases, in vitro often lead to 
the formation of a variety of different products. One example is the 
laccase/O2-catalyzed oxidation and oligomerization of the aniline dimer p-
aminodiphenylamine (PADPA) in aqueous solution. For this reaction to be 
economically efficient for obtaining electrically conductive oligomeric products 
which resemble the emeraldine salt form of polyaniline (PANI-ES), the 
presence of vesicles formed from AOT, the sodium salt of bis(2-
ethylhexyl)sulfosuccinate, is beneficial. This AOT vesicle-assisted enzymatic 
reaction was studied and optimized by using different in situ spectroscopic 
methods (UV/Vis/NIR, EPR, Raman) and a HPLC-MS analysis with partially 
deuterated PADPA and H2

18O. The vesicles play various roles in steering the 
reaction towards the desired PANI-ES-type products, favoring the para-NC-
coupling of the reaction intermediates and suppressing unwanted hydrolytic 
side reactions. With this specific example, the role of dispersed soft interfaces 
as reaction regulators is discussed in the context of a number of other 
enzymatic and non-enzymatic reactions. 
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Lipidic templates and coatings for designing nanotheranostics 

Geoffrey D. Bothun, gbothun@uri.edu. Chemical Engineering, University of 
Rhode Island, West Kingston, Rhode Island, United States 

Lipidic platforms, such as liposomes, have been used for decades as drug 
delivery vehicles and as templates for material synthesis. This stems from 
their biocompatibility, their ability to encapsulate hydrophilic and hydrophilic 
cargo, their chemical and biophysical diversity, and their ability to adopt a 
range of self-assembled structures. In the quest to improve the detection and 
treatment of diseases, there is significant interest in capitalizing on these 
properties and creating nanoscale assemblies capable of combined 



diagnostics and therapy (i.e. nanotheranostics) by merging lipidic platforms 
with active or functional nanotechnologies. This presentation will focus on 
approaches taken by our group where lipidic assemblies are being used to 
design multifunctional nanotheranostics based on gold or iron oxide that 
respond to external stimuli. The first approach involves a templating technique 
where small hydrophobic nanoparticles (2-5 nm) are embedded within 
liposomal bilayers. The liposome templates the formation of a ‘loose’ 
nanoparticle shell and the embedded nanoparticles control the release of 
encapsulated molecules from within. This control stems from the coupled 
phase and transport behavior of the bilayers, which is dependent upon 
nanoparticle concentration and size. The second approach also involves a 
templating technique where polyelectrolyte-modified liposomes are used to 
create dense gold nanoshells with varying morphologies. The polyelectrolyte 
enriches the interface with gold ions and reducing agents control the 
nanoparticle nucleation and shell growth. The gold nanoshells exhibit 
morphology-dependent optical behavior and near-infrared photothermal 
heating. The third approach involves iron oxide nanoparticles, but in this case 
the nanoparticles are large (30 nm) and a catanionic lipid coating strategy is 
employed to stabilize the nanoparticle dispersion and control surface charge. 
The particles achieve high uptake in vivo and are able to control the loading 
and intracellular delivery of small interfering ribonucleic acid (siRNA). These 
examples highlight the role lipidic platforms can play in designing stimuli-
responsive nanotheranostics that are capable of achieving multiple 
therapeutic objectives. 
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Can vesicles transform into helical tubules in a system based on achiral 
surfactants? 

Srinivasa R. Raghavan, sraghava@umd.edu. Chemical Biomolecular 
Engineering, University of Maryland, College Park, Maryland, United States 

Tubules, formed by the helical folding of flat sheets, are a fascinating class of 
self-assembled structures. They occur frequently in biology, and are believed 
to be intermediates in the formation of gallstones. Important questions that 
continue to puzzle scientists include: (a) do the precursor molecules 
(surfactants, lipids or peptides) have to be chiral to form helical structures?; 
(b) what causes a system to transform from an initial state of vesicles to 
tubules?; and (c) what is the precise morphological pathway by which tubules 
are formed? 
 



In our laboratory, we have discovered new tubule-forming systems that offer 
new insights pertaining to the above questions. The system is based on the 
single-tailed diacetylenic surfactant, 10,12-pentacosadiynoic acid (PCDA) 
along with a short-chain co-surfactant (e.g., geraniol). Mixtures of PCDA and 
geraniol form a “vesicle gel” at high concentrations, where nanoscale vesicles 
are close-packed into a volume-filling array. When this mixture is diluted, we 
find that the vesicles rearrange into microscale tubules. We are able to 
visualize this process in real-time using optical microscopy: first, thin helical 
microribbons nucleate from the vesicle solution, then these ribbons thicken, 
rearrange and fold into closed tubules. A notable aspect of the above system 
is that the precursors are achiral; yet, the tubules have helical character, and 
this is confirmed by circular dichroism (CD) measurements. The diameter of 
these tubules can be controlled by altering the type of co-surfactant. Overall, 
our studies help to answer some long-standing questions, but raise additional 
ones.  

COLL 365 

Amphiphilic polypeptoids and their hydrophobic interactions with lipid 
bilayers: Fundamentals and translation to drug delivery systems 

Vijay T. John2, vj@tulane.edu, Yueheng Zhang3, Marzhana Omarova3, 
Donghui Zhang1, Tianyi Yu4, Sunting Xuan4. (1) 437 Chemistry Materials 
Building, Louisiana State University, Baton Rouge, Louisiana, United States 
(2) Tulane Dept of Chem Bio Engr, New Orleans, Louisiana, United States (3) 
Chemical and Biomolecular Engineering, Tulane University, New Orleans, 
Louisiana, United States (4) Chemistry, Louisiana State University, Baton 
Rouge, Louisiana, United States 

Hydrophobically modified polypeptoids (HMPs) are amphiphilic pseudo-
peptidic macromolecules with hydrophobic groups attached randomly along 
the polypeptoid backbone. We show that these biocompatible polymers 
connect across lipid bilayers and thus form layered structures 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 micelle-like structures 
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. The observations have significance to designing 
new nanoscale drug delivery carriers. 

 
 
Polypeptoids bridge lipid bilayers to form multilamellar liposomes 
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Bi-CTAB composite photocatalytic nanomaterial for antibacterial 
applications 

Shermaine Li, shermaine.li@mail.utoronto.ca, Cheng Lu, Kevin Yu, Stanley 
Wong, M. Cynthia Goh. University of Toronto, Toronto, Ontario, Canada 

Hospital-acquired infections (HAIs) have become a global concern, especially 
with the spread of antibiotic-resistant bacteria which can survive on surfaces 
from days to months. In order to combat these infections, much interest was 
generated in creating a superior, next-generation antimicrobial materials since 
conventional agents offer no residual effect beyond its single-use. Here we 
developed a novel composite material containing a bismuth-based 
photocatalyst, and cetyltrimethylammonium bromide (CTAB), a known 
antiseptic surfactant which does not require photoactivation, allowing 
antibacterial activity under both indoor fluorescent light and dark conditions. 
The as-prepared Bi-CTAB composites have a highly crystalline, layered 
sheet-like structure with the thickness of a single layer around 0.5 nm. The 
number of layers can be easily tuned from single layer to multiple layers by 
the control of the hydrolysis process. These ultra-thin Bi-CTAB composites 



exhibited superior antibacterial action in both light and dark conditions, tested 
in a modified broth microdilution assay against E. coli concentrations of 5 x 
105 CFU/mL. In the presence of light, Bi-CTAB composites retained significant 
bactericidal effect after four cycles of bacterial inoculation, demonstrating an 
advantage over single-use conventional agents. We anticipate these assay 
results to be a starting point in translating the composite into clinical setting as 
a general disinfectant. 
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Particle modulus as a key parameter of vascular-targeted drug 
delivery in vitro and in vivo 

Margaret Fish3, mrgrtfish@gmail.com, Catherine Fromen3, Timothy F. Scott2, 
Raymond Adili4, Michael Holinstat4, Omolola Eniola-Adefeso1. (1) 3074 H. H. 
Dow, University of Michigan, Ann Arbor, Michigan, United States (2) 3074 
H.H. Dow Building, University of Michigan, Ann Arbor, Michigan, United States 
(3) Chemical Engineering, University of Michigan, Ann Arbor, Michigan, 
United States (4) Pharmacology, University of Michigan, Ann Arbor, Michigan, 
United States 

Vascular-targeted drug carriers (VTCs) are designed to preferentially localize 
to the site of disease, thereby lessening systemic side effects while 
simultaneously increasing therapeutic delivery to the disease site. The ability 
of VTCs to localize and bind to a targeted, diseased endothelium determines 
their overall clinical efficacy. Size and shape are known physical parameters 
that determine VTC vascular wall localization and resulting adhesion. Here, 
we present the first investigation into the role of particle deformability in 
adhesion of VTCs to the vascular wall under physiological blood flow 
conditions. Hydrogel particles are fabricated via photopolymerization of 
polyethylene glycol (PEG) diacrylate. Modulus is controlled by varying the 
amount of PEG in the particle matrix and targeting to inflammatory markers on 
endothelial cells is covalently attached. Our results indicate that MP modulus 
enhances particle adhesion in a shear-dependent manner. At low shear, 
deformable particles show favorable adhesion, while at high shear, rigid 
particles show superior adhesion. Mechanistically, particle collisions with 
leukocytes drive these trends. More deformable particles adhere better than 
rigid counterparts to inflamed endothelium in vivo in mouse mesentery vessels 
with low shear blood flow. Additionally, more deformable particles have a 
lesser tendency to be entrapped in capillaries in vivo and a longer circulation 
time. Overall, this work demonstrates the importance of VTC modulus as a 
design parameter for enhanced VTC interaction with vascular walls, and thus, 



contributes important knowledge for development of successful clinical 
theranostics with applications for many diseases. 
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Molecular design of non-toxic polymeric inhibitors as novel anti-
thrombotics and antidotes for anticoagulants 

Manu Thomas Kalathottukaren2,3, Srinivas Abbina2,3, Charles A. 
Haynes4,3, Jayachandran N. Kizhakkedathu1,2, jay@pathology.ubc.ca. (1) 
Univ of British Columbia CBR, Vancouver, British Columbia, Canada (2) 
Pathology and Laboratory Medicine, University of British Columbia, 
Vancouver, British Columbia, Canada (3) Center for Blood Research, 
University of British Columbia, Vancouver, British Columbia, Canada (4) 
Chemical and Biological Engineering, Michael Smith Laboratories, Vancouver, 
British Columbia, Canada 

Anticoagulant therapy associated bleeding and pathological thrombosis, pose 
serious risks to hospitalized patients. Both complications could be mitigated 
by developing new therapeutics that safely neutralize anticoagulant activity 
and inhibit newly identified activators of the intrinsic blood clotting pathway, 
such as polyphosphate (polyP) and extracellular nucleic acids (ecNA). The 
latter strategy could reduce the use of anticoagulants, potentially decreasing 
bleeding events. However, previously described inhibitors of polyP and 
ecNAs, exhibit both non-specific binding and adverse effects on blood clotting 
that limit their use. Indeed, the polycation, protamine used to counteract 
heparin-associated bleeding exhibit adverse side-effects. To address unmet 
clinical need, we developed a synthetic polycation, Universal Heparin 
Reversal Agent (UHRA), which is nontoxic and can neutralize the 
anticoagulant activity of heparins and the prothrombotic activity of polyP. To 
understand the contribution of UHRA design towards activity and nontoxicity, 
we synthesized UHRAs having different methoxy polyethylene glycol (mPEG) 
brush structures. Isothermal titration calorimetry based binding of UHRAs with 
heparin at different conditions revealed unique contributions of mPEG chains 
on the molecule. Binding studies confirm that unlike protamine or N-UHRA 
(UHRA analog with no mPEG chains) which follows classic polyelectrolyte 
theory, the mPEG chains in UHRA avert nonspecific interactions with blood 
proteins and provide selectivity towards heparins through a combined steric 
repulsion and Donnan shielding effect. In support to this observation, we show 
that UHRA does not interact with fibrinogen, affect fibrin polymerization or 
abrogate plasma clotting. Using electron microscopy, confocal microscopy 
and clot lysis assays, we confirm that UHRA does not incorporate into clots, 



and clots are stable with normal fibrin morphology. Conversely, protamine 
binds to the fibrin clot, which could explain how protamine instigates clot lysis 
and increases bleeding after surgery. Finally, studies in mice reveal that 
UHRA reverses heparin anticoagulant activity without the lung injury as seen 
with protamine. 
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Cationic amphiphiles designed to mimic antimicrobial peptides exhibit 
marked activity against planktonic bacteria and biofilms 

Alysha E. Moretti1,5, alysha.moretti@rutgers.edu, Richard Weeks2, Michael 
Chikindas2,4, Kathryn E. Uhrich3,1. (1) Chemistry and Chemical Biology, 
Rutgers University, Feasterville Trevose, Pennsylvania, United States (2) 
Environmental and Biological Sciences, Rutgers University, Piscataway, New 
Jersey, United States (3) Natural and Agricultural Sciences, University of 
California , Riverside, California, United States (4) Center for Digestive Health, 
Rutgers University, Piscataway, New Jersey, United States (5) Quantitative 
Biomedicine, Rutgers, Piscataway, New Jersey, United States 

The misuse and overuse of antibiotics has led to a rise in multi-drug resistant 
bacteria and a need for alternatives to traditional antibiotics. Antimicrobial 
peptides (AMPs) have a unique ability to specifically target and damage 
bacterial membranes, making it difficult for bacteria to develop resistance. As 
such, widespread interest in AMPs has focused on identifying structural 
features that contribute to their bacterial potency and limited toxicity towards 
mammalian cells. We have designed and synthesized a series of cationic 
amphiphiles (CAms) as AMP mimics that consist of an alkylated sugar 
backbone modified with amine functionalities. Structure-activity relationship 
studies have guided the optimization of CAm structures, as we have 
evaluated the contribution of the hydrophobic domain and charge 
characteristics that contribute to antibacterial activity. We have identified 
several key features that impart CAms with high potency against planktonic 
Gram-negative, Gram-positive, and Gram-variable bacteria by evaluating their 
minimum inhibitory concentrations (MICs). Hemolysis and cytotoxicity studies 
were further used to determine the safety profile of CAms, and their selectivity 
for bacteria cells over mammalian cells was elucidated. Lead compounds 
have MICs in the micromolar range and are cytocompatible, demonstrating 
promise for CAms use as antibiotic alternatives. 
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Fabrication of polymer vesicles by electrostatic interactions 

Shin I. Yusa2, yusa@eng.u-hyogo.ac.jp, Keita Nakai2, Kazuhiko Ishihara1. (1) 
Department of Materials Engineering, The University of Tokyo, Tokyo, Japan 
(2) Department of Applied Chemistry, University of Hyogo, Himeji, Hyogo, 
Japan 

The fabrication of giant vesicles using low-molecular-weight surfactants and 
polymers has been reported. The present study describes a novel preparation 
method of G-PICsomes through dialysis of 1.5 M NaCl aqueous solution 
containing a mixture of oppositely charged diblock copolymers against pure 
water. A cationic diblock copolymer (P20M190, Mn(NMR) = 4.95 × 104, Mw/Mn = 
1.05) composed of hydrophilic polyphosphobetaine, poly(2-
(methacryloyloxy)ethyl phosphorylcholine) (PMPC) blocks and cationic 
poly((3-(methacrylamido)propyl)trimethylammonium chloride) (PMAPTAC) 
blocks was prepared via reversible addition-fragmentation transfer (RAFT)-
controlled radical polymerization. Anionic diblock copolymer 
(P20A196, Mn(NMR) = 4.85 × 104, Mw/Mn = 1.07) composed of PMPC blocks 
and anionic poly(sodium 2-(acrylamido)-2-methylpropanesulfonate) (PAMPS) 
blocks also was prepared via RAFT polymerization (P, M, and A indicate 
PMPC, PMAPTAC, and PAMPS blocks, respectively). Subscript numbers 
indicate the degree of polymerization (DP) of each block estimated by 1H 
NMR. 
When P20M190 and P20A196 were added to 0.1 M NaCl aqueous solutions in 
proportions that resulted in charge neutralization, PICsomes formed with 
an Rh of about 80 nm. Adding NaCl to adjust [NaCl] = 1.5 M caused 



dissociation of the PICsomes to unimers due to disruption of the electrostatic 
interactions. In contrast, when a mixture of P20M190 and P20A196 in 1.5 M NaCl 
was dialyzed against pure water, G-PICsomes with a radius of ca. 1 μm were 
formed along with coacervates as [NaCl] decreased. The G-PICsomes in pure 
water were formed by electrostatic interactions of the oppositely charged 
diblock copolymers, and were covered with PMPC shells. The G-PICsomes 
were able to encapsulate hydrophilic guest molecules into the interior of the 
aqueous phase. These G-PICsomes covered with PMPC shells can be used 
as simple and easily prepared cell models. 
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Polymer therapeutics and stem cell therapies as a combinatorial 
approach for the treatment of chronic spinal cord injuries 

Vincent J. Nebot1, Raquel Requejo-Aguilar2, Ana Armiñan3, Oleksandr 
Zagorodko1, Ana Alastrue-Agudo2, Victoria Moreno-Manzano2, Maria J. 
Vicent1, mjvicent@cipf.es. (1) Polymer Therapeutics Laboratory; Polypeptide 
Therapeutic Solutions S.L., Centro de Investigación Príncipe Felipe, Valencia, 
Spain (2) Neuronal and Tissue Regeneration Research group, Centro de 
Investigación Príncipe Felipe, Valencia, Spain (3) Polymer Therapeutics 
Laboratory, Centro de Investigación Príncipe Felipe, Valencia, Spain 

Considerable experimental improvements in neuronal activity in acute and 
subacute stages after Spinal Cord Injury (SCI) have occurred in the last 
decade, however little progress has been made in the chronic stage, 
characterized by tissue degeneration and reactive scarring isolate the injured 
area from the potential re-growing axons. Considering all tissue degeneration 
and the massive cell loss that occurs, transplantation of spinal cord derived 
and functional compatible cells result mandatory for tissue repair. Based on 
the multifaceted lesion that occurs, a combinatory therapeutic approach is 
clearly required. We aim to the design of a nanomedicine for neuroprotection 
and to induce an effective axonal growth promotion at the injury site. In this 
regard, the Rho kinase pathway has shown to play a crucial role in the 
pathophysiology of spinal cord injury. Indeed the inhibition of ROCK may help 
to improve neuroprotection as well as axonal regeneration after SCI. In this 
communication, we present a first approach for the design of a combination 
treatment of SCI using epSPCs and a pH-responsive polymer-curcumin 
conjugate. The incorporation of curcumin in a pHresponsive polymeric carrier 
mainchain, a polyacetal (PA), enhances blood bioavailability, stability, and 
provides a means for highly localized delivery. We find that PA-curcumin 
enhances neuroprotection, increases axonal growth, and can improve 



functional recovery in acute SCI. However, when combined with epSPCs, PA-
curcumin also enhances functional recovery in a rodent model of chronic SCI. 
This suggests that combination therapy may be an exciting new therapeutic 
option for the treatment of chronic SCI in humans. Additionally, following the 
same line, a Rho kinase inhibitor conjugated through different biodegradable 
linkers to a multifunctional and biodegradable polymer such as Poly-L-
Glutamic acid (PGA) has been evaluated for combination with stem cell 
transplantation for local administration. Our approach allowed direct and 
sustained release for improved activity on the injury site, what in fact improves 
the biodisponibility neuroregenerative drugs with a very short life.In vitro tests 
have been carried out for either free or nanoconjugates in co-cultures of the 
neural precursor cells derived from adult spinal cord, the ependymal cell 
population, and neurons showing the suitability of such combination therapy. 
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Plasmon-driven anisotropic growth of gold nanoprisms: Cooperative 
action of surfactants with light 

Wei Wei, wei@chem.ufl.edu. Chemistry, University of Florida, Gainesville, 
Florida, United States 

After more than a decade, it is still unknown whether the plasmon-mediated 
growth of silver nanostructures can be extended to the synthesis of other 
noble metals, as the molecular mechanisms governing the growth process 
remain elusive. Herein, we demonstrate the plasmon-driven synthesis of gold 
nanoprisms and elucidate the details of the photochemical growth mechanism 
at the single-nanoparticle level. Our investigation reveals that the surfactant 
polyvinylpyrrolidone preferentially adsorbs along the nanoprism perimeter and 
serves as a photochemical relay to direct the anisotropic growth of gold 
nanoprisms. This discovery confers a unique function to polyvinylpyrrolidone 
that is fundamentally different from its widely accepted role as a crystal-face-
blocking ligand. Additionally, we find that nanocrystal twinning exerts a 
profound influence on the kinetics of this photochemical process by controlling 
the transport of plasmon-generated hot electrons to polyvinylpyrrolidone. 
These insights establish a molecular-level description of the underlying 
mechanisms regulating the plasmon-driven synthesis of gold nanoprisms. 
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Gold nanoboxes with plasmonic absorption at near infrared wavelength 



Dong Qin, dong.qin@mse.gatech.edu, Xiaojun Sun, Junki Kim, Jaewan 
Ahn. Materials Science and Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, United States 

Gold (Au) nanostructures embrace unique optical properties, commonly 
referred to as localized surface plasmon resonance (LSPR), for a broad 
spectrum of applications. For solid Au nanoparticles with a spherical shape, it 
is feasible to manipulate their LSPR peaks from 520 to 580 nm by increasing 
the diameter from 20 to 80 nm. For most biomedical applications, however, it 
is essential to tailor the LSPR peaks to the near-infrared (NIR) between 800 
and 1200 nm, in which soft tissues are highly transparent to enable deep 
penetration. One approach to shift the LSPR property to NIR is to fabricate 
Au-based nanostructures with hollow interiors. Recently, we reported a 
strategy to selectively deposit Au on silver (Ag) nanocrystals as templates for 
the generation of Ag@Au core-shell nanostructures with thickness less than 2 
nm.2 Because Au is inert but Ag is extremely susceptible to an oxidative 
environment, we discovered a methodology for the transformation of core-
shell nanocubes with edge length of 40 nm into Au-based nanoboxes with an 
ultrathin wall thickness less than 2 nm. We identified that these resultant Au 
nanoboxes exhibited strong plasmonic absorption in the near-infrared region.3 

COLL 374 

Multifunctional nanomaterials and their photo- and magneto-thermal 
applications 

Simona Hunyadi Murph, simonamurph@gmail.com. Savannah River 
National Lab @ University of Georgia, Aiken, South Carolina, United States 

Multifunctional nanoparticles take advantage of the physicochemical 
properties of two or more materials to create a new multifunctional composite 
nanostructure. The “ideal” nanoparticle would combine multiple functional 
characteristics, be stable under biological/industrial conditions, could be easily 
functionalized, environmentally friendly, and could be prepared in large 
quantities. Noble metal nanoparticles, particularly gold and palladium have 
exciting physical and chemical properties that are entirely different from the 
bulk and meet many of these characteristics. Iron oxide is also an unique 
semiconductor material, either as a single nanoparticle, or as a component of 
multifunctional nanoparticles. Its desirable properties, abundance, non-
toxicity, and excellent magnetic properties make it a valuable for many 
applications. By combining these metallic nanomaterials with magnetic 
nanostructures one could create tunable multifunctional nanostructures with 



multi detection-capabilities, e.g. plasmonic, magnetic, functionalities. When 
exposed to an alternating magnetic field, magnetic nanoparticles absorb the 
energy and release it as heat in a highly localized, controlled and non-contact 
manner. Gold nanoprticles are also able to transduce light into heat through 
the photothermal effect. Photothermal heating arises from the energy 
dissipated during light absorption leading to rapid temperature rise in close 
proximity to the surface of the nanoparticle. The heating effect can be 
efficiently harnessed to drive/promote different physical phenomena. 
The objective of this talk is to discuss our recent synthesis techniques used to 
create different multifunctional nanoparticles. Their unique photo and 
magneto- thermal properties were explored for environmental, bio-medical 
and energy storage applications and will be described in detail. 

COLL 375 

Using gold nanoparticle surface chemistry to control electronic 
behavior: Towards energy transfer applications 

Scott Crawford, sec66@pitt.edu, Christopher M. Andolina, Ashley Smith, Jill 
Millstone. Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, 
United States 

Small gold nanoparticles (AuNPs, ∼1.4–2.2 nm core diameters) exist at an 
exciting interface between molecular and metallic electronic structures. These 
particles have the potential to elucidate fundamental physical principles 
driving nanoscale phenomena and to be useful in critical applications ranging 
from catalysis to bioimaging. Here, we first demonstrate the surface 
chemistry-dependent photoluminescent properties of aqueous, phosphine-
terminated AuNPs (core diameter = 1.7 ± 0.4 nm) after ligand exchange with a 
variety of sulfur-containing molecules. No emission is observed from these 
particles prior to ligand exchange, however the introduction of sulfur-
containing ligands initiates photoluminescence, with quantum yields 
approaching 4% for the smallest ligands studied. With correlation between 
surface chemistry and AuNP emission properties in hand, the rational design 
of AuNPs for energy transfer applications is demonstrated by using NIR-
emitting AuNPs to sensitize ytterbium (Yb) emission. The AuNP-Yb conjugate 
combines the high molar absorptivity (1.21x103 M-1cm-1) and broad excitation 
features of AuNPs with the narrow emission properties of the Yb: the AuNP-
Yb conjugate exhibits a full width at half maximum of 62 nm with a brightness 
(quantum yield x molar absorptivity) of 1.9x103 M-1cm-1. Mercaptoalkanoic 
acid ligands of different chain lengths are used to systematically control the 
distance between the AuNP and Yb, yielding distance-dependent results that 



are consistent with a Dexter energy transfer mechanism. Further, the 
reversibility of this energy transfer process is also reported. Taken together, 
these experiments demonstrate surface chemistry as a powerful tool for the 
design of functional nanomaterials. 

COLL 376 

Molecular plasmons: A new take on an old molecule with new 
applications 

Naomi J. Halas, halas@rice.edu. Rice Univ Ece Dept, Houston, Texas, 
United States 

Interest in the active control of plasmonic properties by external means, such 
as applied voltages, has led to an intensely growing interest in new plasmonic 
materials such as doped semiconductors, 2D materials, and graphene. While 
graphene plasmonics has been well-studied in the IR, shifting the plasmon 
resonance of graphene to the visible region of the spectrum would require 
extremely small graphene structures with dimensions smaller than can be 
fabricated by the best currently available top-down fabrication methods. This 
is the length scale of polycyclic aromatic hydrocarbon (PAH) molecules, which 
can be regarded as picoscale versions of graphene, edge-passivated with 
hydrogen atoms. Recent theoretical studies have predicted that charged PAH 
molecules with partially filled orbitals can possess molecular plasmon 
resonances. While neutral PAH molecules exhibit large energy gaps, 
rendering them transparent in the visible region of the spectrum, the addition 
of removal of one or more electrons leads to strong absorption features in the 
visible wavelength range. Experimentally, PAHs can be incorporated into 
planar device geometries where they show outstanding potential as low-
voltage, fast electrochromic media suitable for applications ranging from 
nanoscale optical components to large-area, color-changing walls or windows. 

COLL 377 

Plasmonic field and heat from gold nanorods 

Catherine J. Murphy, murphycj@illinois.edu. Box 59-6, Univ of Illinois at 
Urbana-Champaign, Urbana, Illinois, United States 

Gold nanorods exhibit transverse and longitudinal plasmon modes in the 
visible and near-infrared portions of the electromagnetic spectrum. Upon 
illumination into their plasmon bands, gold nanorods produce elastically 



scattered light, inelastically scattered light, local electric fields, and heat. In 
this talk I will describe recent efforts in my laboratory to take advantage of the 
local electric fields and photothermal properties for materials and biological 
applications of gold nanorods. 

COLL 378 

Atomically precise metal nanoparticles: Fundamentals and opportunities 

Rongchao Jin, rongchao@andrew.cmu.edu. Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States 

Recent research advances in colloidal metal nanoparticles (e.g. gold, silver, 
and bimetal) have led to atomically precise nanoparticles. This talk will 
present the structure and properties of magic-sized Aun(SR)m nanoparticles 
(where, SR = thiolate) ranging from Au18(SR)14 to Au246(SR)80 and the 
important implications for a number of fundamentally important issues in 
nanoscience that have long been tough to tackle if without atomically precise 
nanoparticles. Critical issues are such as the nucleation and growth patterns 
of nanoparticles, metallic bond formation, quantum size effects, nano-SAM 
structure, mechanism of nanoparticle assembly, crystal structure control, 
structural isomerism and the origins of chirality. The perfect 
Aun(SR)m nanoparticles serve as paradigm systems to provide unprecedented 
opportunities not only for deeper understanding of many of the fundamental 
issues of nanoparticles but also for catalytic and energy conversion 
applications. 

COLL 379 

Strong plexcitonic interactions in colloidal solutions containing hybrid 
metal nanoparticle/dye systems 

Reshmi Thomas1, Anoop Thomas1, R S Swathi1, Stephen K. Gray2, 
gray@anl.gov, K. G. Thomas1. (1) IISER-TVM, Thiruvananthapuram, India (2) 
Center for Nanoscale Materials, Argonne National Laboratory, Lemont, Illinois, 
United States 

Colloidal silver (Ag) and gold (Au) nanoparticles are functionalized with 
organic dye molecules in order to engineer strong plasmon-exciton or 
“plexcitonic” interactions across the entire visible wavelength range (400-800 
nm). In the case of Ag, spherical nanoparticles of varying diameter are 
chemically bonded to fluorescein isothiocyanite (FITC), and in the case of Au, 



nanorods of varying aspect ratio are electrostatically bonded to one of two 
forms of cyanine (Cy+ or CCy+). The dyes in question can bind as monomers 
or in aggregated forms to the nanoparticles. Particularly strong interactions 
are found in Ag-FITC systems that correspond to monomeric FITC molecules 
surrounding the Ag nanoparticles and in Au-Cy+ systems where the 
Cy+ molecules form J-aggregates covering the Au nanorods. These strong 
interactions can be correlated with large oscillator strengths and narrow 
spectral widths in the corresponding dye systems. By varying the diameter or 
aspect ratio, the plasmon resonance energy (or wavelength) inferred from 
extinction spectra of uncomplexed particles can be systematically varied and 
pass through the dye resonance energy. Extinction spectra of the hybrid 
systems can display large Rabi splittings and we are able to map out 
dispersion curves. Simple quantum and classical models allow us to infer 
plexcitonic coupling energies that are quite large (~ 200 meV for Ag-FITC and 
~100 meV for Au-Cy+) and approaching the strong coupling limit. 

COLL 380 

Optical and energy-related phenomena in metal nanocrystal chains with 
hot spots: Coherent transfer of plasmons, hot electrons and heat 
generation 

Alexander Govorov, govorov@ohio.edu. Ohio Univ., Athens, Ohio, United 
States 

Metal nanocrystals exhibit strong plasmon resonances and have the ability to 
absorb and scatter light very efficiently. This study concerns special designs 
of plasmonic nanostructures with electromagnetic hot spots, where the 
electromagnetic field becomes strongly enhanced. Overall plasmonic 
nanostructures with hot spots demonstrate strongly amplified optical and 
energy-related effects, including: (1) coherent transfer of plasmonic signals 
with minimal losses, (2) quantum generation of energetic (hot) electrons, and 
(3) localization of high phototemperature in small volumes. 

COLL 381 

Electron- and photon-driven optical responses in metallic, alloyed, and 
semiconducting nanostructures 

David J. Masiello, masiello@chem.washington.edu. Department of 
Chemistry, University of Washington, Seattle, Washington, United States 



In this talk I will discuss the prospects for using a scanning transmission 
electron microscope (STEM) to probe the optical excitations in metallic, 
alloyed, and semiconducting nanostructures. In particular, I will describe how 
the STEM electron probe can simultaneously excite and spatially resolve the 
full spectrum of electronic excitations in these systems, providing far greater 
information than standard far-field optical probes. I will then discuss our efforts 
in constructing associated analytical models and numerical simulation tools to 
elucidate a variety of experiments in plasmonics and nanophotonics and use 
this as an opportunity to highlight a number of our recent experimental 
collaborations. 

COLL 382 

Designing nanoparticle solar cells without defect states and with 
enhanced charge transport using ab initio simulations 

Marton Voeroes3, mvoros@anl.gov, Nicholas Brawand2, Federico Giberti4, 
Giulia A. Galli1,3. (1) Molecular Engineering Inst Jones Lab 215, University of 
Chicago, Chicago, Illinois, United States (2) Institute for Molecular 
Engineering, University of Chicago, Chicago, Illinois, United States (3) 
Materials Science Division, Argonne National Laboratory, Lemont, Illinois, 
United States 

Semiconducting nanoparticles (NP) are promising materials to build cheap 
and efficient solar cells. However, the presence of trap states in their 
electronic gap limits their usability and developing a universal strategy to 
remove trap states and enhance charge transport is a persistent challenge. 
Using calculations based on density functional theory, we show that hydrogen 
acts as an amphoteric impurity on PbSe NP surfaces; hydrogen atoms may 
passivate defects arising from ligand imbalance or off-stoichiometric surface 
terminations, irrespective of whether they originate from cation or anion 
excess. In addition, we show, using constrained density functional theory 
calculations, that hydrogen treatment of defective NPs is also beneficial for 
charge transport in films. Finally, we show, using coupled classical and 
quantum simulations, that embedding PbSe NPs in CdSe matrices gives rise 
to interfacial trap states that pin the Fermi level. Instead, the electronic gaps of 
the inverted systems (CdSe dots in PbSe) are clean, indicating that this 
material has superior electronic properties for solar applications. Our 
calculations also predicted that the core structure of CdSe and in turn its band 
gap may be tuned by applying pressure to the PbSe matrix, providing a 
means to engineering the properties of new functional materials. 



COLL 383 

Electron density dependent core-shell model in simulation optical 
properties of metallic nanoparticles 

Shuzhou Li, lisz@ntu.edu.sg, Chao Chen. School of Materials Science and 
Engineering, Nanyang Technological University, Singapore, Singapore 

The optical response of metallic nanoparticles (MNPs) exhibit localized 
surface plasmonic resonance (LSPR) with peak energy dependent on particle 
size. This size effect has been predicted by ab initio calculations, but cannot 
be resolved by classical electromagnetic models (CEM). In this work, we 
systematically studied three quantum effects (surface atom relaxation, s-band 
electron spilling out and d-band electron screening) that may lead to failure of 
CEM in contrast simulations and proposed a machine learning enhanced 
semi-classical semi-quantum model, valence electron density dependent 
core-shell model. This new model describes ground state valence electron 
densities by incorporating s-band electron spilling out effect and d-band 
screening effect into shell region and core region of a nano-spherical model 
and successfully predicted red and blueshifts in LSPR energy of sodium and 
silver particles, respectively, with decreasing of size. The optical spectra by 
core-shell model show excellent agreements with ab initio calculations, and 
the extrapolation of LSPR energies to mesoscopic scale also agrees with 
quasistatic limits. Our core-shell model manages to calculate optical 
properties of intermediated sized MNPs efficiently, fulfilling the simulation gap 
left by CEM and ab initio. 

COLL 384 

Atomistic electrodynamics simulations of plasmonic nanoparticles 

Lasse Jensen, jensen@chem.psu.edu. Dept. of Chemistry, Penn State Univ, 
University Park, Pennsylvania, United States 

The optical properties of metallic nanoparticles with nanometre dimensions 
exhibit features that cannot be described by classical electrodynamics. In this 
quantum size regime, the near-field properties are significantly modified and 
depend strongly on the geometric arrangements. However, simulating 
realistically sized systems while retaining the atomistic description remains 
computationally intractable for fully quantum mechanical approaches. Here we 
discuss our recent efforts on developing atomistic electrodynamics models 
that provides a unified description of bare and ligand-coated nanoparticles, as 



well as strongly interacting nanoparticle dimer systems. We will discus 
implications of atomistic electrodynamics models for simulating surface-
enhanced spectroscopies. 

COLL 385 

Low dimensional nanomaterials: Insights from the established, exotic, 
and imagined 

Paul A. Brown1, 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 

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 
optical coupling in multicomponent, metal nanoparticles and band gap 
engineering of various 2D semiconductor 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, optoelectronics, and solar energy. 

COLL 386 

Optical properties of self-assembled supracolloidal nanostructures for 
metamolecules 

Zackery A. Benson, zbenson@terpmail.umd.edu, Mariama Dias, Chen 
Gong, Marina S. Leite. University of Maryland, College Park, Maryland, United 
States 

The optical properties of plasmonic nanostructures have been extensively 
studied in recent years. However, practical applications of these structures are 
severely limited due to the size restrictions imposed during the fabrication 



process. We investigate, using 3D full field numerical calculations, the optical 
properties of self-assembled, lithography-free supracolloidal nanostructures 
formed by gold and silver. These metamolecules have well-controlled 
geometries, mimicking the structures of much smaller molecules such as 
Carbon Dioxide (CO2) and Methane (CH4) but with metallic nanoparticles 
occupying each site. Here, we present the local electric field distributions 
generated by these structures as a function of their geometries and metallic 
compositions. We determine the transmission and reflection spectra of 
incoming light as a function of wavelength and identify the localized plasmon 
resonances present in these structures, see fig 1 for the electric field profile of 
a set of metamolecules. In addition, we can induce chirality in these structures 
by manipulating their geometry/composition. The fabrication of thin films made 
of supracolloids can be easily scaled up, without requiring lithography 
methods. We will present a detailed discussion of the near and far field 
distributions of these structures. Our approach can be used in sensing 
applications for biological systems and in nanophotonic devices. 

 

COLL 387 

Oil foams stabilised by surfactant or fat crystals 

Bernard Binks, b.p.binks@hull.ac.uk, Emma J. Garvey, Ioannis P. 
Marinopoulos. University of Hull, Hull, United Kingdom 



Oil or non-aqueous foams are more scarce than aqueous ones and the 
literature relating to them is very scant. Despite this, they are encountered in, 
for example, lubricating oil use and in certain aerated foods like chocolate. We 
describe here the stabilisation of oil foams by in situ preapred particles, the 
latter being crystals. In the case of surfactant crystals, the oil-soluble fatty acid 
myristic acid forms plate-like crystals below the solubility limit which depends 
on temperature. Aerating a one-phase molecular solution of myristic acid in oil 
produces no foam whereas aerating a two-phase crystal dispersion produces 
much foam which is ultra-stable. The foamability depends on myristic acid 
concentration and temperature. The crystals adsorb at bubble surfaces and 
excess crystals serve to gel the continuous oil phase. We demonstrate the 
stimulus-responsive nature of the oil foam by progressively heating an 
otherwise stable foam which collapses completely around the melting point of 
the crystals. Finally, we show the self-foaming of fats/oils composed mainly of 
saturated triglyceride molecules. By careful selection of the temperature, ultra-
stable foams can be produced in the absence of any additive. The triglyceride 
molecules of high melting point form crystals in liquid oil of triglyceride 
molecules of low melting point. These fat crystal-stabilised oil foams represent 
one way to reduce the fat content in a food as well as being a product 
containing no E-number additive. 

COLL 388 

Arresting bubble coarsening with surface elasticity 

Anniina Salonen1, anniina.salonen@u-psud.fr, Cyprien Gay2, Armando 
Maestro1, Wiebke Drenckhan1, Emmanuelle Rio1. (1) University Paris Sud, 
Orsay, France (2) Université Paris Didrot, Paris, France 

Foams are interesting materials as their properties (e.g. mechanical or 
acoustic) are combined with very light weight. However, they are often 
unstable in time. Foams and emulsions like many two-phase materials suffer 
from coarsening due to the energy cost, which is associated with the interface 
that separates both phases. While our understanding of the driving forces and 
the dynamics of coarsening in different materials is well advanced by now, 
current research efforts address the question of how this process may be 
slowed down, or, ideally, arrested. 
Many systems including particles have proved very efficient to stabilize foams 
and/or emulsions against coarsening. Moreover, many studies have 
questioned the Gibbs criterion, which predicts that coarsening stops if the 
surface elasticity is larger than half the surface tension. 
In this work, we use a model system of two bubbles to explore how the 



presence of a surface elasticity may interfere with the coarsening process and 
the final bubble size distribution. Combining experiments and modelling in the 
analysis of the evolution of two bubbles, we show that clear relationships can 
be predicted between the surface tension, the surface elasticity and the 
change in bubble polydispersity. We rationalise these relationships by the 
introduction of a modified Gibbs criterion. Besides their general interest, the 
present results have direct implications for our understanding of foam stability. 

 

COLL 389 

Foams and dispersions at high salinity 

Keith P. Johnston, kpj@che.utexas.edu, Muhammad Iqbal, Joohyung Lee, 
Chola Dandamudi, Shehab Alzobaidi, Ehsan Moaseri, Behzad Chang, Chang 
Da. Univ of Texas, Austin, Texas, United States 

Whereas numerous studies of stabilization of nanoparticles (NPs) in 
electrolytes have examined biological fluids, the interest has grown recently in 
media with much higher ionic strengths including seawater and brines relevant 
to environmental science and subsurface oil and gas reservoirs. Both low 
molecular weight ligands and polyelectrolytes that are well solvated in 
concentrated salt solution have been grafted to iron oxide and silica particles 
to provide electrosteric stabilization. Spherical brushes of a fully dissociated 
polyanion, poly(AMPS), end-grafted to silica were colloidally stable up to 4.5M 
CaCl2 enabling the investigation of novel behavior in brush length. 
Furthermore, the stabilized particles interact weakly with silica and undergo 
low retention during transport in porous media. 
A variety of strategies will be presented to stabilize carbon dioxide/water 
foams with surfactants and/or nanoparticles, based on a mechanistic 
understanding of how the rheological properties are related to the foam 



texture and interfacial properties. For foams with ultra-low water contents, the 
large capillary pressure induces rapid drainage that destabilizes the aqueous 
lamellae between the gas bubbles. However, we show that these foams can 
be stabilized with a viscoelastic aqueous phase composed of entangled 
wormlike micelles. 

COLL 390 

Encapsulation in double emulsions: Fabrication and time stability of the 
capsules 

Maxime Nollet1,2, Manuel Mercé1,2, Eric Laurichesse1,2, Veronique Schmitt1,2, 
schmitt@crpp-bordeaux.cnrs.fr. (1) CNRS CRPP, Pessac, France (2) 
University of Bordeaux, Bordeaux, France 

Double water-in-oil-in-water emulsions are interesting systems for 
encapsulation of hydrophilic drugs (see Figure 1). Using rotor-stator mixers, 
monodisperse double emulsions were prepared in a two-step process that 
may impact the encapsulation efficiency. Using both classical UV-Vis 
spectroscopy and, more originally, rheology we assessed the encapsulation 
efficiency and water exchanges during emulsification. We showed that 
encapsulation reached high levels, close to 100% and that this encapsulation 
decreased only if two conditions are fulfilled simultaneously: (i) during the 
second emulsification step the flow is turbulent and (ii) it leads to excessive 
fragmentation inducing formation of too small drops. We also discuss the 
effect of a deliberate osmotic pressure unbalance on the encapsulation and 
characterize the induced water fluxes. 
Once prepared, these capsules could also release their content or exchange 
water between inner and external aqueous phases. Using the same 
techniques we built a lipophilic stabilizer concentration-inner droplet volume 
fraction diagram highlighting the domains where the double emulsion is stable 
towards encapsulation and/or water fluxes. We showed the important role of 
non-adsorbed stabilizer concentration in the intermediate oil phase on the 
emulsion stability. In the non stable domains, we describe the observed 
phenomena and we determine the mechanisms responsible for them. 

 



COLL 391 

New directions in the science and engineering of particle-containing 
foams: Responsive materials and bioreactor operations 

Orlin D. Velev, odvelev@ncsu.edu. Dept Chem Biomol Eng, North Carolina 
State University, Raleigh, North Carolina, United States 

We will discuss the origins of the stabilization in a range of novel particle-
stabilized (Pickering) foams as well as strategies for making triggerable foam 
systems. Our group has shown how particles with anisotropic shape and 
engineered properties can serve as excellent by-design stabilizers of 
Pickering foams and emulsions. These particles are made by “liquid 
nanofabrication” in biphasic liquids under shear. Polymer microrods and 
irregular particles from hydrophobically modified cellulose (HMC) made by this 
method can serve as superstabilizers of foams and emulsions. The HMC 
particles can also serve as a facile platform to enrich the Pickering foams and 
emulsions with additional features such as color, specific rheological 
response, stability against drying, controlled destabilization and controlled 
release. The inclusion of magnetic particles in the HMC matrix allows making 
“magneto-Pickering” foams, which exhibit excellent stability in the absence of 
a magnetic field, but can be rapidly destroyed on-demand by a threshold field. 
We will also present stimuli-responsive Pickering foams containing molecular 
assemblies of thermo-responsive fatty acids and carbon black or carbonyl iron 
particles. These Pickering systems can be made photo-, thermally, as well as 
magnetically responsive. They provide fundamental insights on the properties 
of particle-containing foams and could find applications in processes requiring 



immediate non-contact defoaming. The need for such efficient breakdown of 
Pickering foams is encountered in modern bioreactor operations. In the 
second part of the talk, we will discuss the mechanisms by which foams are 
stabilized by particles of biological origin during cell culture proliferation in 
bioreactors. We found that Pickering stabilization of the foam head in 
bioreactors is present in the later stages of cell growth, causing the traditional 
remediation strategy of antifoam addition to be less effective. Data for 
bioparticle adsorption, entrapment in the thin liquid films and Plateau borders 
and accumulation in real bioreactor foams will be discussed. We evaluate how 
the bioparticles and surface-active agents contribute to bioreactor foam 
formation and discuss the controversial role of added antifoam on the lifetime 
of these bioparticle-containing foams. The physical understanding of new 
types of Pickering foams and developing means for their destabilization 
remains an ongoing challenge in emerging fields of science and technology. 

COLL 392 

Stability of flowing foams under confinement 

Sibani L. Biswal, biswal@rice.edu. Chemical and Biomolecular Engineering, 
Rice University, Houston, Texas, United States 

The stability and dynamics of foaming systems under confinement 
microchannel networks and porous media are not well understood. I will 
present the mechanisms by which surface chemistry impacts flowing foam 
stability. In particular, surface wettability, surfactant adsorption, and liquid/gas 
ratio will be described. 

COLL 393 

Border-crossing model for the diffusive coarsening of wet foams 

Douglas Durian, djdurian@physics.upenn.edu. Univ of Pennsylvania, 
Philadelphia, Pennsylvania, United States 

For dry foams, the transport of gas from small high-pressure bubbles to large 
low-pressure bubbles is dominated by diffusion across the thin soap films 
separating neighboring bubbles. For wetter foams, the film areas become 
smaller as the Plateau borders and vertices inflate with liquid. So-called 
``border-blocking" models can explain some features of wet-foam coarsening 
based on the presumption that the inflated borders totally block the gas flux; 
however, this approximation dramatically fails in the wet/unjamming limit 



where the bubbles become close-packed spheres. Here, we account for the 
ever-present border-crossing flux by a new length scale defined by the 
average gradient of gas concentration inside the borders. We argue that it is 
proportional to the geometric average of film and border thicknesses, and we 
verify this scaling and the numerical prefactor by numerical solution of the 
diffusion equation. Then we show how the dA/dt=K0(n−6) vonNeumann law is 
modified by the appearance of terms that depend on bubble size and shape 
as well as the concentration gradient length scale. Finally, we use the 
modified vonNeumann law to compute the growth rate of the average bubble, 
which is not constant. 

COLL 394 

Emulsions, foams and dispersions 

Dominique Langevin, dominique.langevin@u-psud.fr. Laboratoire de 
Physique des Solides, Université Paris Sud, Orsay, France 

Remarks reflecting the scientific career and the symposium will be presented. 

COLL 395 

Gas and vapor dependent photoluminescence changes and surface 
chemistry of zinc oxide nanoparticles 

Sol Kim, Sol_Kim@student.uml.edu, R. M. Dulanga S. Somaratne, Sandip K. 
Sengupta, James E. Whitten. Department of Chemistry, University of 
Massachusetts Lowell, Lowell, Massachusetts, United States 

The photoluminescence (PL) spectrum of nanoparticulate zinc oxide (ZnO) 
excited by 320-340 nm light consists of a relatively sharp ultraviolet peak at 
380 nm and a broad visible peak at 550 nm. In general, the former originates 
from excitonic recombination (electron/hole pair), and the latter is due to 
surface defects, including oxygen vacancies. Since visible emission of ZnO 
nanoparticles is sensitively affected by surface states and morphology, 
chemisorption and physisorption of gases on ZnO may be monitored by 
measuring changes in the PL spectrum. Recent experimental measurements 
of PL changes of ZnO nanoparticles upon exposure to various gases and 
vapors are discussed. Possible adsorption mechanisms are suggested, aided 
by thermal gravimetric analysis (TGA) and X-ray photoelectron spectroscopy 
studies. Density functional theory (DFT) calculations on ZnO nanoclusters 
with co-adsorbed surface hydroxyls also have been performed to understand 



the bonding of gases to the ZnO nanoparticles. In order to determine the role 
of hydroxyl groups in the PL spectrum of nanoparticulate ZnO, emission 
spectra of the particles have been measured as a function of temperature and 
correlated with TGA results. In the case of reversible adsorption of hydrogen 
and oxygen molecules, the PL changes may be ascribed to transfer of 
electrons to or from the conduction band which affects the probability of 
excitonic recombination, resulting in UV emission intensity changes. For 
irreversible chemisorption of molecules such as methanethiol and sulfur 
dioxide, it is found that surface hydroxyls or lattice atoms play a key role in the 
surface reactions. Additionally, comparing the ratio of the intensities of the UV 
and visible emission peaks may be a reliable indication of adsorption. 
Towards the goal of developing a field-deployable hazardous chemical 
detection system, a customized portable UV LED-based fluorometer has been 
constructed and tested. 

COLL 396 

Watching submonolayer deposition of platinum on colloidal silver 
nanocrystals with a molecular probe 

Yun Zhang, yun.zhang@mse.gatech.edu, Dong Qin. Materials Science and 
Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States 

Understanding the nucleation and growth mechanisms is essential to the 
rational synthesis of nanocrystals with desired properties. Here we report the 
development of a molecular probe based on isocyanides for in situ monitoring 
the deposition of Pt atoms onto the surfaces of colloidal Ag nanocubes by 
surface-enhanced Raman scattering (SERS). The success relies on the 
difference in stretching frequency for the NC bond when the isocyanide group 
binds to the Ag and Pt surfaces, respectively and the coincidence of sites for 
preferential heterogeneous nucleation and the SERS hot spots at the edges of 
a Ag nanocube. In a typical process, we titrated H2PtCl6 into an aqueous 
suspension of Ag nanocubes in the presence of ascorbic acid (AA, as 
reductant) and polyvinyl pyrrolidone (PVP, as capping agent and colloidal 
stabilizer) at a slow injection rate at room temperature. The Pt atoms derived 
from the reduction by AA were directed to be deposited on the {110} facets of 
Ag nanocubes. By simply controlling the titration volume of Pt4+ precursor at 
the fixed number of Ag seeds, We confirmed that the deposition of Pt atoms 
below 1 atomic layer onto the edges of Ag nanocubes during the growth 
process could be recorded sensitively by SERS. Thus, this new paradigm 
allows for unprecedented sensitivity, with a detection limit below one 
monolayer. 



COLL 397 

Enhanced emission of nanocrystal solids featuring slowly diffusive 
excitons 

Natalia N. Kholmicheva, khatali@bgsu.edu. Photochemical Sciences, 
Bowling Green State University, Bowling Green, Ohio, United States 

Solution processing of semiconductor nanocrystal (NC) solids represents an 
attractive platform for the development of next–generation optoelectronic 
devices. In search of enhanced light-emitting performance, NC solids are 
typically designed to have large interparticle gaps that minimize exciton 
diffusion to dissociative sites. This strategy, however, reduces electrical 
coupling between nanoparticles in a film, making the injection of charges 
inefficient. Here, we demonstrate that bright emission from nanocrystal solids 
can be achieved without compromising their electrical conductivity. Our study 
shows that solids featuring a low absorption-emission spectral overlap (J) 
exhibit an intrinsically slower exciton diffusion to recombination centers, 
promoting longer exciton lifetimes. As a result, enhanced emission is achieved 
despite a strong electronic coupling. The observed phenomenon was found 
consistent with a decreased resonant energy transfer in films exhibiting a 
reduced J value. The positive correlation between film luminescence 
and J was revealed through a comparative analysis of CdSe/CdS and 
ZnSe/CdS solids and further confirmed in two control systems (ZnTe/CdSe 
and Mn2+-doped ZnCdSe/ZnS). Exceptionally slow exciton diffusion (~ 0.3 ms) 
and high brightness were observed for Mn2+-doped Zn1-xCdxSe/ZnS NC films 
exhibiting a nearly vanishing J parameter. We expect that the demonstrated 
combination of electrical coupling and bright emission in nanocrystal solids 
featuring low J can benefit the development of nanocrystal light-emitting 
technologies. 

COLL 398 

Plasmon enhanced multiexciton emission of single quantum dots 

Jing Zhao1, jing.zhao@uconn.edu, Swayandipta Dey3, Shengli Zou2. (1) 
Chemistry, University of Connecticut, Storrs Mansfield, Connecticut, United 
States (2) Chemistry, University of Central Florida, Orlando, Florida, United 
States (3) Dept of Chemistry, University of Connecticut, Storrs, Connecticut, 
United States 



Plasmonic metal nanoparticles and excitonic quantum dots (QDs) play an 
integral part in the development of nanophotonic devices. The excitation and 
recombination of excitons in QDs can be manipulated by integrating them with 
plasmonic structures. This work focuses on the plasmonic effect on the 
multiexciton emission properties of single colloidal QDs. When CdSe/CdS 
core/shell QDs were placed near gold nanoparticles, their multiexciton 
emission was significantly enhanced due to the exciton-plasmon interaction. 
At the single QD level, we found that the ratio between the biexciton and 
exciton quantum yields was increased, leading to a small photon antibunching 
“dip”. More interestingly, the single QD emission switched from sub-
poissonian to super-poissonian statistics, when the QDs were excited at 
wavelength far or near the plasmon resonance. Electrodynamics modeling 
revealed that multiexciton excitation and emission of single QDs was 
enhanced, while the single exciton emission was decreased, due to the 
presence of the plasmonic structures. The studies suggest that plasmonic 
structures can be applied to modify the exciton/multiexciton emission 
efficiency of QDs. 

COLL 399 

Au exchange or Au deposition: Control of morphology in Au-
CsPbBr3 heterostructure nanoparticles 

Benjamin Roman, benjamrom@tamu.edu, Matthew T. Sheldon. Chemistry, 
Texas A&M University, College Station, Texas, United States 

All-inorganic, CsPbX3 (X=Cl, Br, I) quantum dot nanocrystals have been 
shown to have great promise for optical and optoelectronic applications due to 
excellent stability, high fluorescent quantum yields, and optical tunability via a 
facile halide exchange reaction. This presentation will discuss our recent 
progress obtaining refined synthetic control over either cation exchange or, 
alternatively, metal deposition of Au with CsPbBr3 nanoparticles. The 
oleylamine ligand shell commonly used to stabilize all-inorganic perovskite 
nanocrystals may be used to reduce gold salts, allowing for Au to either 
exchange with Pb2+ in the perovskite crystal lattice or deposit as Au metal on 
the surface of the nanocrystals. Our central insight is that the reaction kinetics 
for exchange or deposition are driven by the excess metal cation in solution. 
When gold salt alone is added, cation exchange occurs, but if an excess of 
Pb2+ is added, Au metal only deposits on the perovskite surface with domain 
size determined by the gold solution concentration. While the cation exchange 
reaction represents a new manner of post-synthetic tunability that may aid in 
the search for lead free all-inorganic perovskite, most remarkable is the high 



fluorescence quantum yield maintained in Au-CsPbBr3 heterostructures with 
efficiencies up to 75%. This surprising result could provide new insights into 
the optoelectronic properties of the all-inorganic perovskite nanocrystals, as 
well as the interactions between metal and semiconductors on the nanoscale. 

COLL 400 

Thermochemical measurements of cation exchange in cadmium 
selenide nanocrystals using isothermal titration calorimetry 

Suprita Jharimune1, suprita.jharimune@gmail.com, Ajay Sathe1, Robert M. 
Rioux2,1. (1) Chemistry, Pennsylvania State University, State College, 
Pennsylvania, United States (2) Dept of Chemical Engineering, Pennsylvania 
State University, University Park, Pennsylvania, United States 

Among the various reported post synthetic modifications of colloidal 
nanocrystals, cation exchange is one of the most promising and versatile 
approaches for the synthesis of new nanostructures that cannot be directly 
synthesized from their constitutive precursors. A number of studies have 
reported on the qualitative analysis of these reactions, but rigorous 
quantitative study of the thermodynamics of cation exchange is still lacking. 
We demonstrate, using isothermal titration calorimetry (ITC), the 
thermodynamics of the cation exchange reaction between cadmium selenide 
(CdSe) nanocrystals and silver (or copper) can be quantified. We discuss the 
influence of solvent, diameter of the CdSe nanocrystal, surface chemistry via 
different stabilizing ligands, temperature and silver salts with different anions 
on the thermodynamics of the exchange reaction. The results obtained from 
ITC provide a detailed description of the overall thermodynamic parameters. 
Furthermore, we established a correlation between the enthalpy of reaction of 
CdSe with Ag+ and the coordination ability index for the anions of the different 
silver salts used. The disparities between the experimental and theoretical 
values of the free energy change during the exchange suggests that all the 
above factors play significant roles in these chemical conversions that are not 
accounted in simple theoretical models. 

COLL 401 

Catalytic applications of Cu2-xSe nanoparticles in redox reactions 

Melissandre Richard1, melissandre.richard@temple.edu, Xing Yee Gan2, Jill 
Millstone2, Eric Borguet1. (1) Department of Chemistry, Temple University, 



Philadelphia, Pennsylvania, United States (2) Department of Chemistry, 
University of Pittsburgh, Pittsburgh, Pennsylvania, United States 

Nanomaterials are of interest due to their potential applications in catalysis 
and sensing. Specifically, transition-metal chalcogenide based nanostructures 
have attracted wide attention due to their tailorable physical and chemical 
properties. 
In our work, degeneratively doped copper chalcogenide (Cu2-xSe) 
semiconductor nanoparticles have been investigated as catalysts in various 
redox reactions using organic dyes that differ in their redox potentials. Due to 
the high concentration of free holes ascribed to copper oxidation, Cu2-xSe 
nanoparticles are expected to be good electron acceptors facilitating electron 
transfer involved in redox reactions. The catalytic reduction mechanisms of 
methylene blue, methyl orange and 4-nitrophenol molecules have been 
investigated in aqueous and air-free conditions by absorption spectroscopy 
using several sacrificial reducing agents (e- donors). The best catalytic 
activities are found for dyes showing a reduction potential more positive than 
the conduction band energy of Cu2-xSe. However, reactivity decreases 
drastically when the oxidation potential of the sacrificial e- donor becomes 
more positive. In accordance with these results, the reduction mechanism and 
implication of intermediate species will be discussed. We highlight that these 
reactions are sensitive to experimental conditions. For example, the presence 
of electron scavengers, e.g. O2, can inhibit the kinetics of the reaction, and the 
rapid degradation of reducing agents as a function of time at low 
concentration (or low pH) has to be carefully taken into account. In this vein, 
we will also report a hole driven catalytic oxidation of organic molecules using 
Cu2-xSe nanomaterials. 

COLL 402 

Fate of photoexcited charge carriers in lead-free perovskite nanocrystals 
for excitonic solar cells 

Cunming Liu1, lcmingsc@hotmail.com, Kaibo Zheng4, David J. Gosztola2, 
Sophie Canton5, Xiaoyi Zhang3. (1) APS, Argonne National Laboratory, 
Westmont, Illinois, United States (2) Bldg. 440, Argonne National Laboratory, 
Lemont, Illinois, United States (3) X-ray Science Division, Argonne National 
Laboratory, Naperville, Illinois, United States (4) Lund University, Lund, 
Sweden (5) Deutsches Elektronen Synchrotron, Hamburg, Germany 

Lead free perovskites, especially Bi-based perovskites, are excellent 
candidates for replacing Pb-based perovskite absorbers in the large scale 



commercialization of perovskite solar cells due to the high toxicity of Pb. 
However, before their practical application, it is of importance to understand 
the fate of their photoexcited charger carriers for helping optimize their solar 
cells performance. By employing ultrafast laser initialized time-resolved X-ray 
absorption spectroscopy, we have successfully characterized the 
representative lead free Bi-based perovskite (Cs3Bi2Br9) nanocrystals with a 
mean size of ~ 4 nm. Probing at Bi L3 edge indicates that the electrons are 
freely delocalized in the conduction band. However, the results probed at Br K 
edge identify that the photogenerated holes are strongly localized at Br atoms, 
forming strong exciton-polarons alive for tens of ns. Our time-resolved 
element-specific study of lead-free perovskites will advance the understanding 
of the mobility of photogenerated carriers in solar cell materials. 

COLL 403 

Sensitivity of plasmonic metal nanoparticles and their potential in 
plasmonic polymer nanocomposites 

Assad Ullah Khan1, asadkhan@vt.edu, Guoliang Liu2. (1) Department of 
Chemistry, Virginia Tech, Blacksburg, Virginia, United States (2) Department 
of Chemistry and Macromolecules Innovation Institute, Virginia Tech, 
Blacksburg, Virginia, United States 

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. This 
finding can provide insight into the design of plasmonic nanomaterials for 
polymer sensing and polymer nanocomposites with advanced optical and 
plasmonic properties. 

COLL 404 

Dye-loaded core-shell Au-SiO2 nanoparticles for cancer theranostics 



Felicia M. Roland2, froland@nd.edu, Qiwei Zhang2, Bradley D. Smith1, Ryan 
Roeder3. (1) Univ of Norte Dame, Notre Dame, Indiana, United States (2) 
Chemistry and Biochemistry, University of Notre Dame, South Bend, Indiana, 
United States (3) Aerospace and Mechanical Engineering, University of Notre 
Dame, South Bend, Indiana, United States 

Many conventional cancer treatments are generally effective against early 
stages of cancer, which is problematic because diagnoses are typically made 
at advanced stages. Therefore, early detection and efficient treatment is 
essential for improving patient outcomes. One solution to this problem is the 
development of personalized treatment regimens that combine both, a 
therapeutic and a diagnostic agent into a single platform, termed 
“theranostics”. Presented here is a core-shell Au-SiO2 theranostic 
nanoplatform that contains a novel heat-generating croconaine dye as a 
therapeutic agent for photothermal therapy (PTT) and gold core for computed 
tomography (CT) cancer imaging and detection. Core-shell nanoparticles 
were made using a novel synthetic method and a silane-functionalized 
croconaine dye for covalent incorporation into the silica shell. 
The Au-SiO2-Croconaine nanoparticles (NPs) exhibit exceptional 
photophysical properties and robust laser-induced photothermal heating to 
create temperatures that are capable of killing cancer. By covalently modifying 
the silica shell with the cancer-targeting peptide RGD, these nanoparticles can 
target integrin αVβ3, which is overexpressed in many types of ovarian cancer. 
The ultimate goal is to use Au-SiO2-Croconaine NPs for image-guided 
surgery. After targeted accumulation of the nanoparticles at the tumor site, CT 
imaging can be used to reveal information about the location and disease 
state. A surgeon can then perform subsequent tumor removal with the aid of a 
laser for photothermal therapy to kill tumor microfoci. 

COLL 405 

Double emulsion for the encapsulation of reactive lipophilic components 

Margot STASSE1,2, mstasse@enscbp.fr, Valérie Heroguez1, Veronique 
Schmitt2. (1) LCPO, Pessac, France (2) CRPP, Pessac, France 

One of the most important challenges in encapsulation is to prevent the 
immediate leakage of the encapsulated species. In this context, our strategy is 
to develop capsules by polymerizing the water phase of an oil-in-water-in-oil 
double emulsion. In other terms, our system consists in a direct emulsion of 
lipophilic species (O1) in a water phase (W) containing monomer, initiator and 
crosslinker. To obtain the double emulsion, this direct emulsion, stabilized by 



a hydrophilic surfactant, is itself dispersed in an external oil phase (O2) and 
stabilized by a lipophilic surfactant. The aim of the project is to polymerize the 
intermediate water phase to obtain a 3D network. The advantages of this 
system are that the polymerization will only take place in the water phase 
thanks to the solubility of the monomer and the obtained 3D network will play 
the role of an effective barrier limiting the diffusion of the inner lipophilic 
species. 
First of all, the feasibility of the double emulsion was studied. More 
specifically, we formulated several systems by varying the hydrophilic 
surfactant, the amount of oil O1 droplets inside the aqueous phase or the 
amount of hydrophilic surfactant inside the water phase. The second step of 
the study is to insert the polymerizable species in the double emulsion. We 
noticed that some monomers had interfacial affinity interfering with the 
formulation of the double emulsion and leading to a strong decrease of the 
number of inner droplets. We also focused on the coupling between 
formulation and processing and showed that shearing has to be chosen with 
care otherwise a simple reverse water-in-oil emulsion is obtained therefore 
leading to a loss of encapsulation capability. 

 

COLL 406 

Structure and dynamics of solid-like ion gels with high ionic 
conductivity 

Zhou Yu1, zhouyu@vt.edu, Yadong He1, Ying Wang2, Louis A. Madsen2, Rui 
Qiao1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, 
Virginia Tech, Blacksburg, Virginia, United States 



A new class of ion gels, in which rigid-rod polyanions are aligned within room-
temperature ionic liquids, has been fabricated recently. These ion gels exhibit 
an unusual combination of properties such as high ionic conductivity and large 
elastic modulus, and they open up exciting new avenues for engineering ion 
conducting materials. To understand the formation of these gels and their 
unusual mechanical and transport properties, we investigate the molecular 
structure and dynamics of these gels using molecular dynamics simulations. 
We show that the ion distribution in the interstitial space between rod-like 
polyanions exhibits the hallmarks of the ionic liquid structure near charged 
surfaces, i.e., cations and anions form alternating layers around the 
polyanions and the charge on the polyanions is over-screened by the ionic 
layer surrounding them. The distinct ordering of ions suggests the formation of 
a long range “electrostatic network” in the ion gel, which may contribute to its 
mechanical cohesion and high modulus. The dynamics of both cations and 
anions slow down due to the fact that some cations become associated with 
the sulfonate groups of the polyanion on nanosecond time scales, which 
hinders the dynamics of all ions in the gel. Cation and anion diffusion in the 
gel are only 2 to 10 times slower than in bulk RTILs, which is still much faster 
than, e.g., Li+ ions in typical ion conducting polymers. 

 
Ion gels fabricated from ionic liquids and rigid-rod polyanions exhibit strong 
mechanical modulus and high ionic conductivity similar to that of bulk ionic liquids. 

COLL 407 

Food-grade dispersants for remediation of oil spills: Insights from 
colloid science 



Niti Agrawal2, niti.r.agrawal@gmail.com, Srinivasa R. Raghavan1. (1) 
Chemical Biomolecular Engineering, University of Maryland, College Park, 
Maryland, United States (2) Chemical and Biomolecular Engineering, 
University of Maryland College Park, College Park, Maryland, United States 

Dispersants used in the mitigation of oil spills are mixtures of amphiphilic 
molecules in a solvent. The recent large-scale use of dispersants has raised 
environmental concerns regarding the safety of these materials. In response 
to these concerns, we have developed a class of eco-friendly dispersants that 
utilize food-grade amphiphiles such as the phospholipid lecithin (L) (from soy) 
and the nonionic surfactant Tween-80 (T) to effectively disperse crude oil into 
seawater. This combination of surfactants stabilizes the oil-water interface, 
forming stable emulsions. Stabilization is maximized at a 60:40 weight ratio of 
L/T, whereas stable emulsions are not observed for either L or T 
individually. This talk will discuss reasons for the above synergistic response. 
Relevant factors include: (i) close packing of L and T at the interface, (ii) low 
tendency of L to desorb from an LT interface and (iii) steric stabilization of 
droplets provided by the large oxyethylene head groups of T. 
 
The second aspect of this talk will focus on the solvent used in LT 
dispersants. The initial solvent was ethanol, which is relatively nontoxic but is 
also quite volatile (low flash point). Typically, solvent choice has been based 
on factors like the volatility or viscosity of the overall mixture; however, 
solvents are considered to have minimal effect on dispersion efficiency. Here, 
we show that the solvent can have a dramatic impact on dispersion efficiency, 
i.e., on the extent to which a thin layer of oil is dispersed in the water column 
for a given amount of LT dispersant. For example, with the same surfactants, 
the dispersion efficiency can range from > 75% in one solvent to < 10% in 
another. We have attempted to devise a systematic procedure to select the 
optimal solvent. In this regard, we turned to Hansen Solubility Parameters 
(HSPs), which are 3-D representations of solvent properties. We assessed the 
quality of dispersion for a large range of solvents through a low-energy 
dispersion test and plotted the results on the above 3-D plot. A systematic 
trend is seen, with optimal solvents clustering around a particular region of the 
plot. Through this analysis, we will identify solvents that combine high 
dispersion efficiency, good solubility of the LT amphiphiles, and also have a 
low toxicity profile. 

COLL 408 

Structure-property relationships and mechanotropic properties of 
molecular gels based on simple fatty acid based gelators 



Ajay V. Mallia, vajaymallia@gmail.com, Brian Matel. School of Science and 
Technology, Georgia Gwinnett College, Lawrenceville, Georgia, United States 

Low molecular weight gelators self- assemble via weak intermolecular 
interactions and result in the formation molecular gels. To design molecular 
gels with desired functions it is necessary to understand how the physical 
interactions generate the self-assembly and thus molecular gels. It has been 
shown that alkanes exhibit gelation property demonstrating London dispersion 
forces alone can provide enough strength for the self-assembly. A long-
chained alkanoic acid, such as stearic acid can stabilize its aggregates by 
both London dispersion forces and H-bonding interactions. Here in we report 
that upon addition of ammonia to ‘latent’ stearic acid in toluene sol/solutions 
transformed to molecular gels at isothermal conditions. Mechanical stirring of 
5 wt % ammonium stearate based organogels completely transformed to a sol 
sol/solution that was reversed upon cessation of the perturbation (thixotropic 
properties). Structure property comparison and mechanotropic proeprties of 
organogels other simple fatty acids also will be presented. 

COLL 409 

Investigating the crosslinking of Pickering nanoemulsions stabilised by 
epoxy-functional diblock copolymer nanoparticles 

Fiona Hatton1,2, f.l.hatton@sheffield.ac.uk, Kate Thompson2, Steven P. 
Armes2. (1) Department of Chemistry, Sheffield, United Kingdom (2) Univ of 
Sheffield Dept of Chem, Sheffield, United Kingdom 

Epoxy-functional diblock copolymer nanoparticles have been prepared by 
polymerisation-induced self-assembly using a reversible addition-
fragmentation chain transfer aqueous emulsion polymerisation formulation. A 
poly(glycerol monomethacrylate) (PGMA) chain transfer agent was chain-
extended using glycidyl methacrylate (GlyMA) at 50 °C. Varying the mean 
degrees of polymerisation of the PGMA stabiliser block and the PGlyMA core-
forming block resulted in well-defined nano-objects with either spherical or 
worm-like morphologies. 
Spherical PGMA-PGlyMA nanoparticles, with a z-average diameter (Dz) of 26 
nm and polydispersity index (PdI) of 0.03, were evaluated for their suitability 
as Pickering emulsifiers for the preparation of oil-in-water nanoemulsions. 
Initially, macroemulsions were prepared by homogenisation of aqueous 
particle dispersions with dodecane resulting in droplet diameters in the range 
20-40 μm at higher particle concentrations (1-7 wt%), as determined by laser 
diffraction. Subsequently, the macroemulsions were subjected to high-



pressure homogenization to prepare the nanoemulsions. PGMA48-
PGlyMA50 particles were found to break-down upon high-pressure 
homogenization, as no intact particles were observed at the oil droplet surface 
by transmission electron microscopy (TEM) of the dried nanoemulsions. 
Crosslinked particles were also prepared using ethylene glycol dimethacrylate 
(EGDMA), to give a final composition of PGMA48-PGlyMA45-EGDMA5. 
Importantly, the crosslinked particles had the same Dz and PdI (26 nm, 0.03) 
as the non-crosslinked particles by DLS. When preparing the nanoemulsions 
with the crosslinked particles, the particles were easily observed at the 
nanoemulsion droplet surface by TEM of the dried nanoemulsions, see Figure 
1. 
The reactive epoxy groups can be utilised to produce 
colloidosomes via crosslinking between adjacent nanoparticles adsorbed at 
the oil/water interface, and the investigation of various types of crosslinking, 
from the oil phase and from the water phase will be presented. 

 
Preparation of Pickering nanoemulsions by high pressure homogenisation of 
Pickering macroemulsions, and transmission electron microscopy (TEM) image of a 
dried Pickering emulsion droplet stabilised by PGMA48-PGlyMA45-
EGDMA5 spherical nanoparticles. 

COLL 410 

Modified two-step emulsion solvent evaporation technique for 
fabricating biodegradable rod-shaped drug carriers 

Hanieh Safari2, safariha@umich.edu, Omolola Eniola-Adefeso1. (1) 3074 H. 
H. Dow, University of Michigan, Ann Arbor, Michigan, United States (2) 
Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United 
States 



Recently, there has been growing interest towards utilization of non-spherical 
carriers in targeted delivery applications. The current methods developed for 
rod fabrication have expensive/complicated setups with low production rates. 
An emulsion solvent evaporation (ESE) method has been recently described 
as a very simple and scalable alternate method, where rods are fabricated by 
stretching the emulsion droplets with shear. However, this technique has been 
unable to produce rods in the size range applicable for in vivo use due to the 
risk of embolism. 
 
Here, we have modified the ESE technique to a two-step fabrication method 
where the droplet formation and emulsification steps are separated to achieve 
smaller sized rods. The size of the droplet is fixed in the first, emulsification, 
step, and the stretching of the initially formed droplets is achieved by a step 
change in the viscosity of our system. With this system, we were able to scale 
down the size of the poly(lactic co-glycolic acid), PLGA, rods fabricated with 
the ESE technique down to major axis sizes of 3.5 µm and minor axis sizes of 
700 nm while maintaining the rod fabrication yield at 70% or higher. 
Furthermore, we find that the choice of our oil phase solvent and surface-
active molecule determines the rod fabrication yield. A switch to chloroform 
from the previously used dichloromethane significantly increased particle yield 
due to its slower evaporation rate, giving more time to the droplets to be 
stretched. Similarly, of the three surface active molecules evaluated, trizma 
base, sodium tripolyphosphate and sodium metaphosphate, sodium 
metaphosphate gave the highest rod fabrication yield due to having stronger 
interactions with the hydrophilic groups of the biodegradable polymer in the oil 
phase, which then significantly decreasing the interfacial tension in the 
system. We demonstrated the capability of our two-step method to fabricate 
rods loaded with therapeutics and contrast agents via loading of the Nile Red 
fluorescent dye. In conclusion, our work has introduced a simple method for 
fabricating non-spherical carriers in a range of sizes for targeted delivery 
applications. 

 



COLL 411 

Stabilization of lipase in polymerized high internal phase emulsions 
through interfacial assembly 

Stephanie Andler, stephanie.andler@gmail.com, Julie M. Goddard. Food 
Science, Cornell University, Ithaca, New York, United States 

Enzymes are useful tools for biotransformations in the food and bioprocessing 
industries; however, their instability to extreme environments, and inability to 
be reused has hindered their widespread implementation. Hierarchical 
structures have been researched to stabilize enzymes, but recovery remains a 
challenge. Lipase is an enzyme of interest for stabilization because of its 
potential to replace inorganic processes, such as biofuel production and 
natural surfactant synthesis. A high internal phase emulsion (HIPE) template, 
using dicyclopentadiene (DCPD) as a monomer, was polymerized in the 
presence of lipase, forming a highly ordered structure of both macro- and 
microscale features. Additionally, polyHIPEs were synthesized in the absence 
of lipase as a control. The hierarchical structure of the polyHIPEs was 
observed using scanning electron microscopy (SEM). Lipase polyHIPEs were 
tested for activity after immobilization using resorufin butyrate as a substrate. 
The polyHIPEs (19 µg lipase/g material) were sectioned into pieces to an 
equivalent amount of protein as native lipase prior to activity testing. Lipase 
incorporated into polyHIPEs exhibited an increase in activity after 
immobilization, compared to native lipase. On average, lipase polyHIPEs 
displayed a 63.3±8.7% increase in activity over native lipase. Previous 
research stabilizing lipase in polymerized DCPD emulsions showed enhanced 
stability in extreme environments, including extreme pH values (pH 3, 7, 10), 
and greener solvents at elevated temperatures (50 °C and 60 °C). PolyHIPEs 
take advantage of a hierarchical structure to increase surface area available 
to participate in enzymatic reactions, while retaining a macroscale catalyst, 
supporting reuse. Enzyme stabilization within hierarchical structures shows 
potential for application in extreme environments present in bioprocessing, 
while considering ease of handling. 

COLL 412 

Solid drug nanoparticles synthesised using water-in-oil emulsion 
templating and nanoprecipitation: From proof of concept to in 
vitro validation of long acting depot 



James J. Hobson2, j.hobson@liverpool.ac.uk, Paul Curley3, Amer Al-khouja1, 
Caren L. Meyers1, Charles Flexner1, Andrew Owen3, Steve Rannard2. (1) 
Pharmacology and Molecular Sciences, Johns Hopkins School of Medicine, 
Towson, Maryland, United States (2) Chemistry, University of Liverpool, 
Liverpool, Merseyside, United Kingdom (3) Molecular and Clinical 
Pharmacology, University of Liverpoool, Liverpool, United Kingdom 

Long acting (LA) formulations of therapeutic compounds is of great interest in 
the current development of drug formulations. This is particularly true for 
chronic, life-long conditions such as HIV, where there is an associated pill 
burden for patients and the need for strict compliance with antiretroviral (ARV) 
regimens. Nanoformulation of hydrophobic ARV compounds has been utilised 
to facilitate long acting formulations of the integrase inhibitor cabotegravir and 
non-nucleoside reverse transcriptase inhibitor (NNRTI) rilpivrine-LA, but other 
classes of LA agents are needed. The LA approach aims to generate once 
monthly to quarterly or longer administration formats. Water soluble ARVs like 
nucleos(t)ide reverse transcriptase inhibitors (NRTIs) are not suitable for 
common nanoformulation approaches, such as milling or Oil-in-Water 
emulsion templating. 
 
Here we describe a novel nanoformulation strategy in which Water-in-Oil 
(W/O) Solid Drug Nanoparticles (SDNs) of a highly water soluble dye (1,3,6,8-
pyrenetetrasulfonic acid tetrasodium salt) (PTSA) were synthesised and 
subsequently dispersed within an oil depot. A total of 7 W/O SDN candidates 
were selected from the initial screening of stabiliser compounds. These SDNs 
had average hydrodynamic diameters that ranged from 86 nm to 257 nm. 
These candidates were synthesised with both 10 wt% and 50 wt% PTSA 
relative to stabiliser. Maximum release after 6 hours was 24% and 12.5% total 
mass of PTSA, for 10 wt% and 50 wt% loadings respectively. In both cases, 
the lead candidate showed 55% release of total mass of PTSA after 72 hours. 
 
Subsequently, the NRTI tenofovir disoproxil fumarate (TDF) was loaded in 
place of PTSA, and a single-phase nanoprecipitation approach used to 
increase drug loading to 80 wt%, relative to stabiliser. This method of 
synthesis allowed SDNs to be homogenously dispersed in an oil depot, with in 
vitro release assays using simulated interstitial fluid showing that the lead 
candidates had a release rate in the range of 0.0060 h-1 to 0.0124 h-1. This 
rate agreed with previously published PBPK data suggesting 1 month of 
therapeutic TDF levels could be achieved. 
 
The data show that water soluble agents can be dispersed within an oil depot, 



with subsequent release into an aqueous environment. This indicates a 
promising approach to developing sustained release SDN formulations of 
water soluble compounds, by encapsulating them within a hydrophobic 
environment. 

COLL 413 

Exploration and tunability of the aggregation and gelation process of 
tripeptides 

David M. DiGuiseppi1, dave.diguiseppi@gmail.com, Lavenia Thursch2, 
Nicolas Alvarez2, Reinhard Schweitzer-Stenner1. (1) Chemistry, Drexel 
University, Mount Laurel, New Jersey, United States (2) Chemical and 
Biological Engineering, Drexel University, Philadelphia, Pennsylvania, United 
States 

The self-assembly of biomolecules is an important issue explored in 
biomedical, biophysical, and bio-material research. Being able to understand 
how and why certain peptides and proteins prefer to self-assemble into larger 
networks can help shed light on their biological properties. It has been well 
established that structure determines function, and being able to understand 
the structures of peptides and their relation to their respective hydrogels can 
lead to a comprehensive understanding of how and why the monomer to 
gelation phase transition occurs. Recently, numerous rather different peptides 
have emerged as gelators even though they have not been classified as such 
before. The two short unblocked peptides, GAG and GHG, have been shown 
to form supramolecular structures under different conditions. GAG forms 
crystalline fibrils in a 55%/45% mole fraction ethanol/water solution if the 
peptide concentration exceed 200 mM, while GHG has been shown to form 
fibrils in water with lengths of hundreds of μm long at neutral pH even in the 
centimolar region. Being able to optimize the gelation process for specific 
applications is something of high interest and sometimes difficult due to the 
nature of the peptide. We will present spectroscopic and rheological data and 
the respective analysis for the fibrillization process as well as for 
characterizing the transition from the solution to the gel phase. Using these 
techniques, we obtained phase diagrams that reveal how the stability (melting 
temperature) of GAG and GHG gels depends on pH, temperature, peptide 
concentration and in the case of GAG, the fraction of the ethanol co-solvent. 
Results from kinetic experiments reveal how both, self-assembly into fibrils as 
well as gelation evolve over time. These data allow for an accurate 
optimization of gelation and melting conditions, as required by different 
biotechnological applications of the gels. 



COLL 414 

Interfacial properties of surfactant monolayers and the formation of 
microemulsions by molecular dynamics simulations 

Daniel Cheong1, dcheong@ihpc.a-star.edu.sg, Freda Lim1, Jacqueline 
Tan1,2, Liping Zhang1. (1) Materials Science and Engineering, Institute of High 
Performance Computing, Singapore, Singapore (2) University of Oxford, 
Oxford, United Kingdom 

Emulsions and microemulsions are mixtures of two or more liquids that are 
typically immiscible and have numerous practical applications, ranging from 
food, personal care products, enhanced oil recovery, and drug delivery 
systems. They can be formed through the addition of surfactants which help to 
disperse one liquid in the other as droplets. The surfactants reduce the 
interfacial tension between the liquids to lower the thermodynamic instability 
from the increase in interfacial area and create a barrier between the droplets 
to inhibit coalescence. The structure of the surfactant molecule is known to 
have a great effect on the interfacial properties of the surfactant monolayers 
and the type of nanostructures it can form. It is thus crucial to understand this 
relationship to design or select effective surfactants for the intended 
application. 
 
We have performed molecular dynamics simulations to systematically 
investigate how the degree and position of aromatic substitution affects the 
interfacial properties and the monolayer collapse of alkyl benzene sulfonate 
surfactant monolayers at an oil-water interface. We have looked at the 
interfacial tension, interfacial thickness, and the orientation of the surfactant 
molecules at the interface, as well as how the surfactant monolayer collapses 
at high surface pressure. We show that additional aromatic substitution can 
improve both the effectiveness and the efficiency of the surfactants and 
facilitate the formation of spherical oil-filled micelles that effectively solubilizes 
the oil in water as a microemulsion. We are also currently investigating the 
stability of these swollen micelles and the interactions between them. Such 
insights could help to design improved surfactants by exploiting aromatic 
substitution to encapsulate material for various applications. 

COLL 415 

Revisiting CO oxidation on Pt(110) surface with ambient pressure XPS 



Bongjin S. Mun, bsmun@gist.ac.kr. Physics and Photon Science, Gwangju 
Institute of Science and Technology, Gwangju, Korea (the Republic of) 

Using AP-XPS, the surface chemical properties of Pt(110) are investigated 
during CO oxidation process at various reaction conditions. At the onset of CO 
oxidation reaction, both of surface oxide and chemisorbed oxygen are 
observed. Due to exothermic nature of CO oxidation, the temperature of Pt 
surface sharply increases as CO oxidation takes places. Then, as the 
pressure of CO gas increases, the surface temperature continuously rises 
with higher CO2 production. Interestingly, as the reactivity increases, the 
amount of chemisorbed oxygen reduces while the amount of surface oxide 
remains unchanged. The nature of catalytically active phase on Pt(110) 
surface will be discussed. 

COLL 416 

Diluted alloys based on noble metals as selective catalysts for oxidation 
and (de)hydrogenation 

Matthijs van Spronsen1, mavanspronsen@fas.harvard.edu, Baran Eren4, 
Nare Janvelyan1, Cheng Hao Wu4, Branko Zugic2, Miquel Salmeron5, Robert 
J. Madix3, Cynthia M. Friend2. (1) Chemistry & Chemical Biology, Harvard 
University, Cambridge, Massachusetts, United States (2) Chemistry and 
Chemical Biology, Harvard University, Cambridge, Massachusetts, United 
States (3) Engineering and Applied Science, Harvard University, Belmont, 
Massachusetts, United States (4) Lawrence Berkeley National Laboratory, 
Berkeley, California, United States (5) MS: 66-200, Lawrence Berkeley Natl 
Lab, Berkeley, California, United States 

Efficient chemical synthesis requires the use of selective catalysts. High 
selectivity can be obtained by using noble-metals catalysts. For example, Ag 
partially oxidizes ethylene and nano-structured Au can act as selective 
catalyst for many reactions. However, the activity of these noble metals can 
be challenging as the dissociation of O2 and H2 are usually highly activated. 
 
To improve activity, while retaining selectivity, a new class of diluted alloys 
have been developed that consist of an active metal diluted in a noble-metal 
host. Furthermore, these alloys are nanoporous (np) bulk materials with a high 
surface area without needing an oxide support. This reduces the material 
complexity and allows for single-crystal surfaces as model catalysts. This 
approach leads to detailed information on elementary reaction steps and 
catalyst stability under reaction conditions. 



 
The first studied reaction is the selective oxidation of methanol to form esters 
using np Au(Ag) as catalyst, in which Ag dissociates O2. The second reaction 
is the anhydrous dehydrogenation of ethanol producing acetaldehyde and H2. 
To perform this reaction selectively, np Cu is used, doped with small amounts 
of Ni to active the C-H bond. 
 
AP XPS measurements combined with E TEM observations show that the 
surface composition of both these alloy catalysts strongly dependents on the 
reaction conditions. For example, pre-oxidation of np Au(Ag) enriches the 
surface with Ag. This Ag is oxidized and non-selective, but transforms under 
reaction conditions into a metallic surface alloy surface with high chemical 
selectivity. For the np Cu(Ni) alloy, oxidation leads to enrichment of Cu on the 
surface, possibly due to overgrowing of Ni oxide by Cu oxide. 
 
Currently, this approach is being extended to study selective hydrogenation. 
Strong evidence of H2 activation was found after depositing a submonolayer 
Pd on an inert Ag model catalyst, the Ag(111) surface. The Pd3d peaks shift 
significantly to higher binding energy (0.2–0.35 eV) in the presence of the 
H2 atmosphere. The magnitude of this shift shows roughly a linear 
dependence on the logarithm of the H2 pressure. Furthermore, this shift is 
almost completely reversed by evacuating the sample environment. These 
results indicate the formation of strong Pd-H bonds and possibly a H-induced 
structural change in the PdAg alloy. To gain structural information, the AP 
XPS measurements are being supplemented by STM measurements both 
under UHV and under AP. 

COLL 417 

In situ XPS as a tool to unravel surface chemistry in C-H reforming 
reactions 

Sanjaya D. Senanayake2, ssenanay@bnl.gov, Zongyuan Liu1, Robert M. 
Palomino1, David Grinter1, Iradwikanari Waluyo3, Jose Rodriguez4. (1) 
Chemistry, Brookhaven National Laboratory, Upton, New York, United States 
(2) Bldg 555 Chem Dept, Brookhaven National Laboratory, Upton, New York, 
United States (3) National Synchrotron Light Source II, Brookhaven National 
Laboratory, Upton, New York, United States (4) Chemistry Department, 
Upton, New York, United States 

We have utilized Ambient-Pressure X-ray Photoelectron Spectroscopy (AP-
XPS) to elucidate the active sites and mechanistic steps associated with C-H 



bond activation in the ethanol steam reforming reaction (ESR) and Methane 
Dry Reforming (DRM) over Ni-CeO2(111) model catalysts. Our results reveal 
that surface layers of the catalyst substrate can be probed under dynamic 
reaction conditions using AP-XPS, revealing the surface as highly reduced 
and hydroxylated under reaction conditions while the small supported Ni 
nanoparticles are present as Ni0/NixC essential for the C-H conversion 
processes. In addition, in both reactions, a multifunctional, synergistic role is 
highlighted in which Ni, CeOx and the interface provide an ensemble effect in 
the active chemistry that activates C-H (Ethanol/Methane) and leads to H2. 
We correlate changes to the active phases leading to both C-C and C-H bond 
cleavage in ESR, and C-H and C-O in DRM but also for carbon accumulation 
or coking that are intrinsic properties of such reactions. The interface (Ni-
ceria) facilitates the C-C bond breaking step while the pathways that lead to 
H2 production may occur from the recombination of OH and CHx species. 
Additionally, we discuss important insights into the stability and selectivity of 
the catalyst in the presence of co-reactants and the strategies that will help 
correlate improved catalyst design for selective bond breaking and forming 
processes using AP-XPS. 

COLL 418 

Dissociative adsorption of CO2 on Cu(100) 

Benjamin Hagman2, Andreas Schaefer2, Chu Zhang2, Mikhail Shipilin2, 
Lindsay R. Merte3, Edvin Lundgren2, Alvaro P. Borbon1, Henrik 
Gronbeck1, Johan Gustafson2, johan.gustafson@sljus.lu.se. (1) Chalmers 
University of Technology, Goteborg, Sweden (2) Lund University, Lund, 
Sweden (3) MAX IV Laboratory, Lund, Sweden 

A promising approach for achieving a carbon-neutral society is to recycle 
CO2 instead of releasing it into the atmosphere. Due to the inertness of CO2, 
this is a difficult task, but already today, industrial production of methanol is 
performed over Cu-based catalysts with CO2 as the primary source of carbon. 
In order to facilitate the development of future catalysts recycling CO2 in 
different processes, we are studying the interaction between CO2 and Cu 
single crystals. 
Exposure of Cu(100) to O2 results in a c(2x2) structure of adsorbed O. When 
the coverage approaches 0.5 ML, however, it induces a missing-row (MR) 
reconstruction, where every fourth surface row of Cu is removed. With 
increasing O coverage, there is also a shift of the O 1s core level peak 
towards higher binding energy. The origin of this shift has not been 
satisfactory discussed in literature, but our interpretation is that it is caused by 



the reconstruction, which changes the coordination of the O atoms from 4 to 3 
Cu atoms. 
At low pressures, exposure of Cu(100) to CO2 does not result in any 
significant adsorption, but at pressures in the order of 0.1 Torr, atomic oxygen 
is found on the surface. The figure shows in-situ APXPS results of the O 
1s level during exposure to 0.3 Torr CO2 at 100°C and very similar results 
were found for exposures at 200°C and 300°C. The shift of the peak is 
obvious in the 2D plot in panel a, indicating that the growth of O structures is 
similar when CO2 is used as the O source instead of O2. In addition, the 
uptake curves in panel b shows that there are two different growth regimes 
with a drop in the adsorption speed at about 0.25 ML, which coincides with the 
start of the binding energy shift, followed by a smooth convergence towards 
what we assume is a saturation coverage of 0.5 ML. 
These results agree fairly well with a recent APXPS and HPSTM study by 
Eren et al. They, however, did not follow the CO2 adsorption live, and hence 
did not notice the different regimes in adsorption speed. 

COLL 419 

In-situ investigation of water dissociation on NiOx/CeO2 (111) surfaces 
using ambient-pressure XPS 

Zongyuan Liu2, liuz@bnl.gov, Robert M. Palomino2, Jose Rodriguez3, 
Sanjaya D. Senanayake1. (1) Bldg 555 Chem Dept, Brookhaven National 
Laboratory, Upton, New York, United States (2) Chemistry, Brookhaven 



National Laboratory, Upton, New York, United States (3) Chemistry 
Department, Upton, New York, United States 

Dissociative chemisorption of water on metal-oxide catalysts is crucial in 
numerous energy conversion processes such as water splitting, water gas 
shift and steam reforming reactions. With the help of Ambient-pressure XPS, 
we were able to elucidate the effect of metal-support interface on the O-H 
bond cleavage over nickel/ceria systems at more realistic conditions. No water 
adsorption was observed at vacuum pressure level of water (10-7 Torr), while 
dissociative adsorption of water on the Ni/CeO2(111) surface was seen as the 
pressure was increased to above 20 mTorr, leading to the formation of nickel 
hydroxide (Ni(OH)2). Moreover, O1s region of in-situ AP-XPS revealed a 
substantial larger amount of OH groups on the Ni/CeO2(111) surface as 
compared to the bare support from 300 to 500 K (figure 1). Strong metal-
support interaction was found to play an essential role in facilitating the 
dissociation of water, especially for lowering the activation energy barrier. The 
fast dissociation of water on Ni/CeO2 has a dramatic effect on the activity and 
stability of this system as a catalyst for the water-gas shift and steam 
reforming reactions, as the OH groups can easily react with the CO and 
CHx fragments to yield CO2 and H2. 

 



O 1s XPS spectra of CeO2(111) and Ni/CeO2(111) surfaces under 200 mTorr of water 
at 300 and 500 K. 

COLL 420 

Ethanol reactivity over Ti-modified CeOx(111) mixed oxide surfaces from 
UHV conditions to elevated pressures 

Jing Zhou, jzhou2@uwyo.edu. Department of Chemistry, University of 
Wyoming, Laramie, Wyoming, United States 

Ceria has been widely studied as an oxidation-reduction catalyst due to its 
unique redox properties and oxygen storage capacity. There has been an 
interest to incorporate additional metal dopant cations into ceria to potentially 
enhance its thermal stability as well as improve the redox properties for 
practical applications in catalysis. This paper focuses on the fundamental 
mechanistic understanding of the effect of Ti dopant in ceria on the structure, 
thermal stability and ethanol reactivity of Ni. In our study, Ti-modified ceria 
supports were prepared by deposition of submonolayer coverage of Ti onto 
well-ordered CeOx(111) thin films at room temperature followed by the 
subsequent heating to 700 K. X-ray photoelectron spectroscopy and CO 
reflection absorption infrared spectroscopy studies show that Ti is oxidized to 
Ti4+ at the cost of Ce4+ reduction forming atomic-layer high Ti-O-Ce linkages 
on ceria. Scanning tunneling microscopy data show that Ti-modified ceria 
supports can better enhance the dispersion and thermal stability of deposited 
Ni nanoparticles upon heating to 700 K. Upon a saturation dose of ethanol at 
300 K over ceria under ultrahigh vacuum conditions, it forms ethoxy 
intermediates which can go through both dehydration and dehydrogenation 
processes with heating to form acetaldehyde, ethylene, water and hydrogen. 
Addition of Ti in ceria can affect the dehydration and dehydrogenation 
selectivity. Upon deposition of Ni on ceria, products associated with ethanol 
reaction over metallic Ni, ceria as well as Ni-ceria interfaces were observed. 
When Ni is deposited over Ti-doped ceria, ethanol reaction over the ceria 
support itself is significantly suppressed. The reaction primarily occurs over 
the Ni particles as well as at the Ni-ceria interfaces to form CO and 
H2 products as a result of C-C and C-H bond cleavage. Surface intermediates 
including ethoxy, NixC and atomic-like C are present between 300 and 700 K. 
Ambient-pressure X-ray photoelectron spectroscopy performed at the 
Advanced Light Source (beamline 9.3.2) suggests the presence of new 
surface species when increasing the ethanol exposure to 20 mTorr. 

  



COLL 421 

Active colloids and liquid crystals 

Nicholas L. Abbott, abbott@engr.wisc.edu. Univ of Wisconsin, Madison, 
Wisconsin, United States 

The broken symmetry of a liquid crystalline environment provides several 
opportunities for the design of active colloidal systems that are not 
encountered in isotropic solvent systems. This talk will describe three of them. 
First, the configurations assumed by nematic droplets can be dipolar, enabling 
the precise positioning of catalytic particles that generate propulsive forces 
and drive the droplets into motion. The configurations can be reversibly 
manipulated, offering new ways to control active colloids. Second, the 
anisotropic viscoelastic environment of a liquid crystalline solvent can 
generate torques on anisometric active colloids, leading to motions that are 
substantially biased along the director. Topological defects can also trap 
active colloids or enable their escape from interfaces. Finally, the elasticity of 
liquid crystals can generate interparticle interactions that are absent in 
isotropic solvents, leading to new types of collective behaviors of active 
colloids. These opportunities and others will be illustrated through 
experiments performed with both thermotropic and chromonic liquid crystals. 

COLL 422 

Self-assembly of nanoparticles in droplets of colloidal cholesteric liquid 
crystals 

Yunfeng Li, yli@chem.utoronto.ca. Chemistry, University of Toronto, Toronto, 
Ontario, Canada 

An important goal of the modern soft matter science is to discover new self-
assembly modalities to precisely control the placement of small particles in 
space. Spatial inhomogeneity of liquid crystals offers the capability to organize 
colloids in certain regions such as the cores of the topological defects. Here 
we report two self-assembly modes of nanoparticles in linear defects-
disclinationsin a lyotropic colloidal cholesteric liquid crystal: a continuous 
helicoidal thread and a periodic array of discrete beads. The beads form one-
dimensional arrays with a periodicity that matches half a pitch of the 
cholesteric phase. The periodic assembly is governed by the anisotropic 
surface tension and elasticity at the interface of beads with the liquid crystal. 
This mode of self-assembly of nanoparticles in disclinations expands our 



ability to use topological defects in liquid crystals as templates for the 
organization of nanocolloids. 

COLL 423 

Synthesis and liquid crystal behavior of bent colloidal silica rods 

Yang Yang2, yangchem@umd.edu, Guangdong Chen1, Zhihong Nie1. (1) 
Chemistry and BIochemistry, University of Maryland, College Park, Maryland, 
United States (2) Chemistry and Biochemistry, University of Maryland, College 
Park, Maryland, United States 

The design and assembly of novel colloidal particles are of both academic and 
technological interest. We developed a wet-chemical route to synthesize 
monodisperse bent rigid silica rods by controlled perturbation of emulsion-
templated growth. The bending angle of the rods can be tuned in a range of 
0−50° by varying the strength of perturbation in the reaction temperature or 
pH during rod growth. The length of each arm of the bent rods can be 
individually controlled by adjusting the reaction time. For the first time we 
demonstrated that the bent silica rods resemble banana-shaped liquid-crystal 
molecules and assemble into several typical banana phases, including 
smectic A, smectic C, synclinic tilted antiferroelectric smectic, and chiral 
smectic phases. The formation and transition of these phases were found to 
be strongly dependent on the geometric parameters of rods, namely, bending 
anlge and aspect ratio. 

COLL 424 

Surprises in self-assembly dynamics at the nanoscale 

Qian Chen, qchen20@illinois.edu. Department of Materials Science and 
Engineering, University of Illinois at Urbana Champaign, Urbana, Illinois, 
United States 

Self-assembly of nanoscale building blocks is an efficient strategy to construct 
complexity in biology and engineering, which produces extremely rich phases, 
reconfigurability and associated functions. Yet the quantitative prediction of 
their ensemble architectures and formation kinetics remains a challenge due 
to technical impediments. Here we use a new nanoscopic imaging technique, 
liquid phase transmission electron microscopy, to directly image the self-
assembly of colloidal nanoparticles in solution, one-by-one in real-time. 
Depending on solvent conditions, a single type of anisotropic nanoparticles 



can lead to a wide variety of final structures not previously predicted: linear 
and cyclic “polymeric” chains, hierarchical plastic crystals, and highly ordered 
solids. In-situ monitoring of the dynamic pathways together with computation 
reveals interesting and novel phenomena in these systems due to inherent 
many-body coupling and discreteness at the nanoscale. We expect our study 
to open new opportunities in understanding the conformation, phase 
behaviors and collective dynamics on the nanometer length scale that is not 
accessible using other means. 

COLL 425 

Hybrid quantum dots-based flexible films with tailored mono-type 
microdomains by ligand interactions of tethered polymers 

Jianan Zhang3,1, jiananz1@andrew.cmu.edu, Jaejun Lee3, jaejun@cmu.edu, 
Danli Luo4, Zongyu Wang2, Jiajun Yan2, Krzysztof Matyjaszewski2, Michael R. 
Bockstaller3. (1) Chemistry, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States (3) Department of Materials Science and 
Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United 
States 

The unique properties of semiconductor nanocrystals (quantum dots, QD) with 
controlled size and shape have rendered QDs and their assemblies an 
enabling platform in technological areas ranging from sustainable energy to 
medical diagnostics. However, while much progress has been achieved in 
developing synthetic methodologies that facilitate control of the size, 
composition and architecture of QDs, their viable processing into functional 
material structures for devices often presents a challenge. In particular, the 
fabrication of multicomponent nanoparticle thin films in which the different 
particles are to be organized into uniform micron-sized domains that are 
deliberately shaped to optimize performance presents a challenge. Here we 
demonstrate that interactions between polymeric ligands enable the 
autonomous organization of polymer-tethered particles into high QD-density 
monochromatic domain structures. QD-brush particles were synthesized by a 
two-step method, i.e. the coating of QDs with a silica shell by reverse 
microemulsion and the subsequent polymer modification via surface-initiated 
ATRP. The tethering of polymer chains was shown to prevent the aggregation 
of QDs and enable the fabrication of flexible films with ordered microstructure. 
Mixing of polymer-tethered green and red QDs was demonstrated to enable 
precise control of the luminescence properties of QD hybrid films. The 
absence of reabsorption in QD-brush films allowed significant enhancement of 
the luminescence efficiency as compared to regular QD-in-polymer blends. 



This work provides a facile approach for the design and fabrication of stand-
alone polymer–QDs hybrid luminescent films with exceptional light emission, 
flexibility, and stability, which can serve as promising materials in the high-
throughput fabrication of white LED illumination devices for backlight 
applications. 

 

COLL 426 

Tuning the dielectrophoretic assembly of dielectric and semiconducting 
paticles through surface functionalization 

Nathan D. Burrows, ndburrows@gmail.com, Christine D. 
Keating. Department of Chemistry, Penn State University, University Park, 
Pennsylvania, United States 

The directed self-assembly of particles in a non-uniform electric field can be 
achieved due to the phenomenon of dielectrophoresis resulting in an applied 
force. The strength of this force depends on the polarizability of both the 
particles & suspending medium, the particles’ size and shape, and the 
frequency of the electric field. The Claussius-Mossotti Factor, a frequency 
dependent function of both the particle and medium complex dielectric 
constant, determines the direction and magnitude of particle response to 



applied AC fields and changes with charge carrier density. Surface 
functionalization can alter the mobility of the charges associated with the 
particle surface electrical double-layer and presents an opportunity to further 
tune the dielectrophoretic (DEP) response. Here in we present the DEP 
assembly of particles tuned by various surface chemistries and demonstrate 
the importance of surface charge mobility in DEP assembly. 

COLL 427 

Controlling anisotropic colloidal assembly in external fields 

Michael A. Bevan, mabevan@gmail.com. Chemical & Biomolecular 
Engineering, Johns Hopkins University, Baltimore, Maryland, United States 

The ability to assemble anisotropic nano- and micro- colloidal particles into 
hierarchically ordered structures that are also potentially reconfigurable 
provides the basis for exotic materials (e.g. photonic, negative refraction) and 
controllable devices in emerging technologies (e.g. optical computing, sub-
diffraction limit imaging, invisibility cloaking). However, current capabilities to 
produce such ordered materials with a sufficiently low defect density have 
limited the development of the science and applications of such materials. 
These limitations are due to fundamental problems with designing, controlling, 
and optimizing the thermodynamics and kinetics of assembly processes for 
complex colloidal components. As a result, there is an interest in 
understanding how thermal motion, particle interactions, patterned surfaces, 
and external fields can be optimally coupled to robustly control the assembly 
of colloidal components into hierarchically structured functional meta-
materials. 
 
Our approach to this problem is to use inhomogeneous AC electric fields to 
manipulate the position, orientation, and assembly of tri-axial super-ellipsoidal 
colloids. We begin by first developing rigorous potentials to capture the 
position and orientation dependent DLVO particle-substrate and particle-
particle, dipole-field and dipole-dipole interactions. Microscopy results are 
used to validate these theoretical expressions by showing measured and 
modeled potential energy landscapes for up to twelve unique states for single 
tri-axial particles (including all combinations of position and orientation). We 
then show how assemblies of many particles can be used to obtain a variety 
of equilibrium microstructures of super-ellipsoidal colloids. Finally, with the 
ability to measure, model, and tune anisotropic colloidal interactions and 
dynamics in inhomogeneous electric fields, we demonstrate how time-varying 
fields can be used to manipulate non-equilibrium pathways for the assembly, 



disassembly, reconfiguration, and repair of hierarchically ordered anisotropic 
colloidal microstructures. 

COLL 428 

Assembly of amphiphilic hyperbranched polymeric ionic liquids in 
aqueous media at different ionic environments 

Volodymyr Korolovych1, volodymyr.korolovych@mse.gatech.edu, Andrew J. 
Erwin1, Alexandr Stryutsky2, Emily Mikan1, Valery Shevchenko2, Leonid 
Bulavin3, Vladimir V. Tsukruk1. (1) Materials Science and Engineering, 
Georgia Institute of Technology, Atlanta, Georgia, United States (2) Institute of 
Macromolecular Chemistry, National Academy of Sciences of Ukraine, Kiev, 
Ukraine (3) Taras Shevchenko National University of Kyiv, Kyiv, Ukraine 

We demonstrated the assembly of amphiphilic hyperbranched protic ionic 
liquids (HBP-ILs) based on aliphatic hyperbranched polyester (HBP) in 
aqueous media in a range of pH and ionic conditions. The series of new 
branched polyionic liquids with different terminal groups, HBP-ILs, was 
synthesized by neutralization of carboxylic and sulfonic terminal acid groups 
of hypebranched core with N-methylimidazole (Im) and 1,2,4-1H-triazole (Tr). 
HBP-IL compounds with triazole and imidazole counterions form 12–16 nm 
core–corona micelles at pH 11.6. We found that the introduction of long 
hydrophobic terminal groups such as n-octadecylurethane tails to initial 
hydrophobic HBP core has larger effect on the size of micellar assemblies 
than the introduction of ionic terminals groups. Furthermore, tuning the 
hydrophilic/hydrophobic balance of HBP-ILs can be achieved by changing the 
degree of ionization of terminal groups and counterions by reducing pH from 
11.6 to 5.2 or ionic strength to 0.1 M. These changes caused the formation of 
much larger micellar aggregates with the size of 150-200 nm due to reduced 
ionization of carboxylic groups. At the same time, for sulfonate-containing 
HBP-ILs the micelle size increased modestly (to 25-40 nm) because of the 
higher degree of ionization of sulfonate terminal groups. Thus, we 
demonstrated how the assembly behavior of novel amphiphilic branched 
compounds is controlled by the hydrophilic/hydrophobic balance and by the 
ionization behavior of terminal ionic groups. These findings have implications 
for the development of new branched polymeric materials with ionic liquid 
properties, in particular for prospective electrochemistry and catalysis 
applications. Furthermore, we demonstrated that the variable ionicity has 
been utilized as the mechanism of responsive behavior under the external 
stimuli and the ability of HBP-ILs to form organized assemblies. 



COLL 429 

Hierarchical assembly of amphiphilic supracolloids with tunable 
patterns 

Shaoyi Zhang2, syzhang@umd.edu, Chenglin Yi3, Jie He1, Zhihong Nie3. (1) 
Dept of Chemistry, University of Connecticut, Storrs, Connecticut, United 
States (2) Chemistry, University of Maryland, Adelphi, Maryland, United 
States (3) Chemistry and BIochemistry, University of Maryland, College Park, 
Maryland, United States 

Precise control over the assembly of nanoparticles into desired ensembles 
with increased complexity and hierarchy is crucial in both fabricating new 
materials and discovering the unique collective properties of nanoparticles. 
Although much progress has been made to direct the assembly of 
nanoparticles into various larger structures with creative designs and 
feasibility, little progress has been made towards the controllable hierarchical 
assembly of nanoparticles into superstructures. Here, by tethering gold 
nanoparticles with functional block copolymers, we realize the step-wise 
assembly of hybrid building blocks into a class of well-ordered 
superstructures. In the first level assembly, a series of supracolloids with high 
yields were fabricated using a combination of binary hybrid building blocks. 
Then, their patchy surface, determined by the amphiphilic polymer blocks, 
was exploited to trigger their further assembly into hierarchical structures. Our 
approach also allows convenient control over the superstructures via tuning of 
the size of gold nanoparticles and amphiphilicity of supracolloids. This 
strategy provides a robust and efficient way to generate high-ordered 
superstructures which are difficult to obtain through traditional one step 
assemblies. 

 



 

COLL 430 

Directed self-assembly and crystallization of colloids 

Marcus Weck, marcus.weck@nyu.edu. New York University, New York, New 
York, United States 

The self-assembly or crystallization of colloidal particles into well-defined 
architectures is of great interest for potential applications in biomaterials, 
catalysis, and photonics. In contrast to atoms and molecules, the number and 
symmetry of structures that self-assemble from colloidal particles is restricted 
by the absence of directional specific bonds. We have introduced a general 
method for creating the colloidal analogs of atoms with valence: colloidal 
particles with chemically functionalized patches that can form highly 
directional specific bonds. The valences of these new “colloidal atoms” 
possess all the common symmetries characteristic of hybridized atomic 



orbitals, including sp, sp2, sp3, sp3d, sp3d2, and sp3d3. Because the bonds 
between these new colloidal atoms are highly directional and fully reversible, 
they open up the possibility of building new low-coordinated open structures, 
both amorphous and crystalline, which is emerging as a key design feature for 
assembling colloids with photonic band gaps. The presentation will expand on 
these results by introducing colloids fabricated form new materials as well as 
new crystallization and self-assembly strategies to expand the toolbox of 
colloidal molecules. 

COLL 431 

Bionanoparticles via self-assembly induced by complexation of nucleic 
acid with double hydrophilic block copolymer 

Ramanathan Nagarajan, ramanathan.nagarajan.civ@mail.mil. Natick Soldier 
RDEC, Natick, Massachusetts, United States 

Nucleic acid containing bionanoparticles are of interest to varied applications 
such as biosensing, DNA and siRNA delivery, and the creation of crystalline 
materials with interesting optical or electronic properties. A promising 
approach to generating nucleic acid containing bionanoparticles is via the 
complexation of the polyanionic nucleic acid with a double hydrophilic block 
copolymer composed of nonionic and polycationic blocks. While both the 
block copolymer and the nucleic acid have high water solubility, the 
complexation creates a reduction in charge and increased hydrophobicity and 
induces the formation of multimolecular aggregates by self-assembly. In this 
work, we present a simple molecular thermodynamic model of such complex 
micelles building upon our earlier work on uncharged block copolymer 
micelles and taking into account the new important free energy contribution 
associated with the complexation between the oppositely charged 
polyelectrolytes. The model provides quantitative predictions for the size of 
the resulting bionanoparticles as a function of the molecular weight and 
composition of the block copolymer and the charge ratio between the cationic 
block and the nucleic acid. The aggregate size and shapes are predicted from 
the model as a function of the molecular properties of the block copolymer 
and the nucleic acid. 

COLL 432 

Histone-targeted gene nanocarriers enable 100-fold reductions in BMP-2 
dosing for bone regenerative applications 



Erik Munsell1,2, emunsell@udel.edu, Millicent O. Sullivan1,2. (1) University of 
Delaware, Newark, Delaware, United States (2) Chemical & Biomolecular 
Engineering, University of Delaware, Newark, Delaware, United States 

The regeneration of damaged skeletal tissue following traumatic injury 
involves a complex series of cascades that direct the differentiation of 
mesenchymal stem cells (MSCs). These signals include a series of key 
osteogenic growth factors that are actively released within the fracture site. 
The necessity for controlled and localized expression of these factors has 
highlighted the role gene therapy may play as a promising treatment option for 
bone tissue regeneration. Gene transfer applications offer a capacity for 
sustained, controlled expression of nascent osteogenic factors that can initiate 
bone repair cascades by guiding MSC differentiation. However, the design of 
nanocarrier systems that negotiate efficient intracellular trafficking and nuclear 
delivery represents a significant challenge. Overcoming these hurdles 
requires a combination of well-controlled materials approaches with 
techniques to understand and direct cellular delivery. 
 
Recent investigations have highlighted the roles histone tail sequences play in 
directing nuclear delivery and retention, as well as activating DNA 
transcription. We previously established the ability to recapitulate these 
natural histone tail activities within non-viral gene nanocarriers, improving 
gene transfer and expression in several cell types by enabling effective 
navigation to the nucleus via retrograde vesicular trafficking. In this current 
work, we demonstrate that histone-targeting leads to a near three-fold 
enhancement in osteogenic bone morphogenetic protein 2 (BMP-2) growth 
factor expression by MSCs, as compared with standard polymeric transfection 
reagents. This improved expression ultimately augmented chondrogenic 
differentiation, an essential first step in the fracture healing cascade. Most 
notably, over 100-fold enhancements in the expression of cartilage-specific 
extracellular matrix proteins were triggered by histone-targeted gene transfer, 
as compared with the response to treatment with equivalent amounts of 
recombinant BMP-2 protein. In fact, a 100-fold dose increase in recombinant 
BMP-2 was required to achieve similar levels of chondrogenic gene and 
protein expression. Based on these findings, we aim to examine how histone-
targeted gene therapy promotes such substantial reductions in BMP-2 dosing, 
by investigating the fundamental changes that occur in MSC cellular behavior 
and biology following gene therapy versus recombinant protein therapy. 

COLL 433 

Delivering RNAi therapeutics: From discovery to applications 



Muthiah Manoharan, mmanoharan@alnylam.com. Alnylam Pharmaceuticals 
Inc, Cambridge, Massachusetts, United States 

At Alnylam Pharmaceuticals, we have advanced two delivery platforms for 
RNA interference (RNAi) based human therapeutics for liver-based disease 
molecular targets. The first one is lipid nanoparticles (LNPs) formulation 
containing siRNAs and used for intravenous administration. The second one, 
in which siRNAs are conjugated to trivalent GalNAc sugar to target 
asialoglycoprotein receptor (ASGPR) of hepatocytes are emerging as a 
potential new class of medicine supporting a broad clinical pipeline across 
multiple therapeutic targets by subcutaneous administration. Furthermore, we 
have been able to continuously optimize the siRNA chemical modifications 
and design resulting in the Enhanced Stabilization Chemistry (ESC) platform 
exhibiting improved efficacy and extended duration of silencing lasting for 
several months. Our progress and applications will be presented. 

COLL 434 

ssDNA nanotubes targeting glioblastoma multiforme 

Michael A. Harris1, Maple Shiao2, Huihui Kuang1, Walter Low2, Efrosini 
Kokkoli1, kokkoli@umn.edu. (1) Department of Chemical Engineering & 
Materials Science, University of Minnesota, Minneapolis, Minnesota, United 
States (2) Department of Neurosurgery, University of Minnesota, Minneapolis, 
Minnesota, United States 

Brain tumors are one of the leading causes of death from neurologic disease. 
The most malignant type, glioblastoma multiforme (GBM), represents 30% of 
primary tumors. Patients diagnosed with grade IV GBM have a median 
survival of 11 months after diagnosis and a 5-year survival rate of less than 
5%. Despite recent advances in neurosurgery, chemotherapy, and radiation 
therapy, there has been little significant change in the long-term survival of 
patients with malignant astrocytic neoplasms. New therapeutic approaches 
that will be specific and more effective for the treatment of GBM are urgently 
needed. In this work we have designed ssDNA nanotubes from the self-
assembly of single-stranded DNA (ssDNA)-amphiphiles and used them to 
target GL261 mouse glioma cells in vitro and in vivo in an orthotopic mouse 
model of GBM. Our work shows that the ssDNA nanotubes bind and 
internalize into the GL261 cells with minimal surface binding on control 
healthy cells. Intrastriatal injections of the ssDNA nanotubes showed 
preferential retention of the ssDNA nanotubes on the tumor-bearing side of 
the brain with no accumulation on the healthy side of the brain. The ssDNA 



nanotubes were also delivered by intravenous injection and their 
biodistribution was evaluated at 3 and 24h. The ssDNA nanotubes showed 
higher accumulation at 3h and accumulated in the brain at higher amounts 
compared to other spherical nanoparticles reported in the literature. This is the 
first demonstration of ssDNA nanotubes targeting brain cancer cells in vitro 
and in vivo and results show that our ssDNA nanotubes are promising 
vehicles for the future delivery of therapeutic nucleic acids to brain tumors. 

COLL 435 

Nucleic acid nanocapsules: A hybrid biomaterial for controlled drug 
delivery 

Jessica L. Rouge, jessica.rouge@uconn.edu. Chemistry Department, 
University of Connecticut, Storrs, Connecticut, United States 

Nucleic acids are rapidly improving the world of personalized medicine. 
However, critical to their success is the development of more effective 
vehicles for their delivery into cells. Equally important is developing ways to 
interface nucleic with small molecule drugs to maximize their combined 
therapeutic potential. Using a combination of enzyme-mediated approaches 
and robust synthetic strategies for assembling materials at the nanoscale a 
new hybrid nucleic acid nanocapsule has been synthesized. Herein we 
discuss the synthesis and characterization of this nanocapsule, assembled 
from a new surfactant molecule that generates a micellular core in water and 
is compatible with chemical crosslinking and attachment of therapeutic nucleic 
acid ligands. This hybrid biomaterial is uniform in size, non-toxic to cells and 
capable of releasing cytotoxic drugs in an enzyme-dependent fashion. The 
nanocapsules are compatible with a variety of different hydrophobic cargos, 
including dyes and drug molecules. We present the use of these capsules in 
the gated release of drugs into cells and the use of transmission electron 
microscopy for pinpointing the resulting endocytosis of these hybrid 
biomaterials. The specificity of the enzyme triggered release mechanism 
makes this material an important platform for delivering therapeutic cargo into 
cells in ways that have the potential to limit off target delivery and therefore off 
target effects. Importantly, the biomolecule ligands are assembled using 
enzymatic ligation, a method which allows for the rapid assembly of 
biomolecules on the particles surface, while preserving the chemical stability 
and function of the nucleic acid ligand itself.  

  



COLL 436 

Tunable degradability of disulfide-functional poly(amido amine)s as 
gene carriers 

Rachel Elzes, m.r.elzes@utwente.nl, Niels Akeroyd, Johan M. Engbersen, 
Jos M. Paulusse. University of Twente, Enschede, Netherlands 

Biodegradability in response to the local environment is one of the most 
effective strategies to achieve controlled gene delivery. Exploiting the 
differences in reduction potential between the extracellular and intracellular 
environment, disulfides are frequently incorporated into the backbone of 
polymeric gene carriers to ensure efficient intracellular release of the payload. 
However, although to a lesser extent, reduction of disulfides may also occur in 
the extracellular environment and should be prevented to avoid premature 
release. 
 
To optimize disulfide stability, we prepared bioreducible poly(amido amine)s 
(PAAs) with varying degrees of steric hindrance adjacent to the disulfide 
bonds (0, 2 or 4 methyl groups). Degradation of the PAA-based polyplexes 
consistently required higher reducing strengths as the steric hindrance near 
the disulfide bonds increased. Specifically, polyplexes from our 2-methyl 
cysteamine disulfide based PAA polymer (PAA2m) remained stable under 
extracellular glutathione concentrations (0.001-0.01 mM), while degrading 
within 1 h under intracellular reducing conditions (1-10 mM glutathione). In 
contrast, PAA0m polyplexes showed reduced transfection properties compared 
to PAA2m, likely due to premature degradation, while the severely hindered 
PAA4m polyplexes displayed significantly decreased cell viability and 
transfection efficiency as a result of its exceptional stability. These results 
demonstrate the feasibility of introducing steric hindrance near the disulfide 
moiety to tune polyplex stability against bioreduction, and show that PAA2m is 
a promising polymer for gene therapy applications. 

 



 

COLL 437 

Nanoparticle superlattices in 2D and 3D 

George C. Schatz, g-schatz@northwestern.edu. Chemistry, Northwestern 
University, Evanston, Illinois, United States 

In a collaboration with Chad Mirkin, we are studying 3D superlattices of gold 
or silver nanoparticles fabricated with DNA linkers, which provide many 
opportunities for making materials with unusual including switchable optical 
properties. The simplest structure consists of bcc superlattices of gold or silver 
nanoparticles, whose optical properties are well described with effective 
medium theory. Well defined crystal habits of these superlattices lead to 
rhombic dodecahedral micron size crystals, which show Fabry-Perot 
resonances that couple to the gold plasmon excitation to produce a band-gap. 
If ethanol is added to the DNA-superlattices, the lattices shrink dramatically 
but reversibly, even undergoing counterion condensation, with significant red-
shifts in the plasmon. If dye molecules are added selectively to the DNA, one 
can create luminescent superlattices with properties that are sensitive to the 
distance between the gold particles and dye molecules (showing both 
quenching, extinction and enhancement effects) and the resulting angular 
dependence of the emission is especially sensitive to the wavelength 



dependence of extinction and enhancement. Superlattices with octahedral 
particles show structural properties that are similar to those with spherical 
particles, but their extinction shows significant polarization anisotropy.  
In a collaboration with Teri Odom, we have studied 2D lattices that show 
hybrid modes involving photonic modes of the lattice, and plasmons 
associated with silver, gold or aluminum particles. In recent work, it has been 
demonstrated that the aluminum lattices can exhibit quadrupole lattice 
plasmons in addition to the normal dipole mode lattice plasmons. Using 
classical electrodynamics we are able to describe the many unusual 
properties of these quadrupole lattice plasmons. 

COLL 438 

Understanding the lasing mechanism of plasmonic nanoparticle arrays 

Teri W. Odom, todom@northwestern.edu. Northwestern University, 
Evanston, Illinois, United States 

Single band-edge states that can trap slow light are the basis of high-quality 
optical feedback for lasing from photonic bandgap crystals and metal-
dielectric waveguides. Recently, we demonstrated that single band-edge 
lattice plasmons in periodic metal nanoparticle arrays could contribute to 
single-mode lasing at room-temperature with directional emission. This talk 
will discuss experimental and theoretical studies that can provide insight to the 
mechanisms of coherence and energy transfer processes in these nanoscale 
lasers. We will describe challenges in and approaches to differentiating 
among competing energy transfer processes in the lasing action based on 
coherence, cavity size, and ultra-fast characteristics. 

COLL 439 

Site-specific surface encoding for programmable self-assembly of 
colloidal nanoparticles 

Gang Chen, gang.chen@ucf.edu. Chemistry, University of Central Florida, 
Orlando, Florida, United States 

Solution-based self-assembly is one of the few practical assembly strategies 
which can realize the spontaneous organization of large numbers of individual 
nanoparticles (NPs) into ordered structures, with different dimensions. Whilst 
important developments have emerged in this field, it is still challenging to 
allow NPs self-assemble into pre-determined configurations, which require the 



specific and directional interactions. To achieve specific interactions, surface 
encoding with single-stranded DNA (ssDNA) was developed and applied for 
various NPs of different size, shape, and composition. With these DNA-
encoded NPs, a wide variety of periodic and quasiperiodic organizations have 
been generated by tuning the interaction potentials of NPs. 
 
To make the interaction between DNA-encoded NPs also directional, site-
specific surface encoding has been proposed as a reliable means. Here we 
choose a diblock copolymer to selectively block the different surface regions 
of NPs through forming core-shell structures. After blocking, the polymer-free 
surface regions of NPs are accessible for ssDNA modification, thus enabling 
site-specific surface encoding. The resultant interparticle binding potential is 
thereby specific and directional and thus allows for an increased degree of 
complexity of potential self-assemblies. The versatility of this approach is 
reflected in two aspects. Firstly, this approach is applicable to the NPs with 
different elemental compositions, sizes, shapes, and surface ligands. 
Secondly, this approach allows for selectively encoding the different surface 
regions of the NPs, making the same NPs with different binding orientations. 
For example, the same AuNRs can be encoded in different ways, leaving only 
one end, two ends or one side bindable to the counterparts. Finally, the 
programmable self-assembly of these site-specific DNA-encoded NPs has 
been demonstrated with the construction of a total of 24 distinct complex 
nanoclusters. 

 



 
 
Site-specific surface encoding on nanoparticles of different size, shape, and 
composition through polymer blocking and DNA modification and their 
programmable self-assembly. 

COLL 440 

Ultrafast dynamics of plasmonic nanostructures 

Stephan Link, slink@rice.edu. Dept of Chem MS 60, Rice University, 
Houston, Texas, United States 

Aluminum nanostructures support tunable surface plasmon resonances and 
have become an alternative to gold nanoparticles. While gold is the most-
studied plasmonic material, aluminum 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 after photo-excitation must be understood to take full advantage of 
aluminum nanostructures in various applications including photocatalysis and 
photodetection. In this work, we investigate the energy relaxation after 
ultrafast pulsed excitation and the launching of acoustic vibrations in individual 
aluminum nanodisks with varying diameters using single-particle transient 



extinction spectroscopy. We find that the transient extinction signal can be 
assigned to a thermal relaxation of the photoexcited electrons and phonons. 
The ultrafast heating induced launching of in-plane acoustic vibrations reveal 
moderate binding to the glass substrate and are affected by the native 
aluminum oxide layer as demonstrated by theoretical calculations. We 
furthermore compare the behavior of aluminum nanodisks to that of similarly 
prepared and sized gold nanodisks. 

COLL 441 

Lead halide perovskite nanostructures for fundamental photophysical 
studies and optoelectronic applications 

Song Jin, jin@chem.wisc.edu, Yongping Fu. Univ of Wisconsin, Madison, 
Wisconsin, United States 

The remarkable performance of lead halide perovskites in solar cells can be 
attributed to the long carrier lifetimes and low non-radiative recombination 
rates, the same physical properties that are ideal for lasers and light-emitting 
devices (LEDs). Here we first report new insights on the crystal growth of the 
perovskite materials and developed the solution growth of single crystal 
nanowires, nanorods, and nanoplates of methylammonium, formamidinium 
and all-inorganic cesium lead halides perovskites (APbX3) via a dissolution-
recrystallization pathway. We further show room temperature lasing from 
single-crystal lead halide perovskite nanowires with the lowest lasing 
thresholds (220 nJ/cm2) and highest quality factors (Q ~ 3600) reported to 
date for semiconductor nanowire lasers, with estimated lasing quantum yields 
approaching 100%. The excellent photophysical properties of such single-
crystal perovskite nanostructures of diverse families of perovskite materials 
make them ideal for fundamental physical studies of carrier transport and 
decay mechanisms, and for high performance semiconductor lasers, LEDs, 
and other optoelectronic applications with broad tunability of emission color 
from 420 nm to 824 nm using different perovskite stoichiometry. This facile 
solution growth of single-crystal nanostructures of the diverse families of 
perovskite materials with different cations, anions, and dimensionality with 
different properties will enable many interesting optoelectronic applications 
with high performance. 

COLL 442 

Geometrical singularities in metal nanostructures for enhanced 
biosensor sensitivity and selectivity 



Andrew House1, Mehnaz Mursalat1, Sagnik Basuray1,2, 
sagnik.basuray@njit.edu. (1) Chemical, Biological and Pharmaceutical 
Engineering, New Jersey Institute of Technology, Newark, New Jersey, United 
States (2) Biomedical Engineering, New Jersey Institute of Technology, 
Newark, New Jersey, United States 

Nanostructured interfaces often lead to interesting interfacial physics. The 
interfacial physics at the micro/nano/bio interface is engineered upon to 
fabricate devices and sensors. Among nanostructured interfaces, substantial 
research has been in the area of fabricating geometrically singular surfaces. 
Unlike most surfaces, a geometrically singular surface leads to a significant 
increase in the electric field gradient, which drives a higher applied force, 
electrical or optical. These gradients are used in a multitude of areas from 
plasmonic, photonics, electrokinetics, and electrochemistry to make new 
biosensors. In this talk, I will inform you about our group’s research efforts to 
establish a synergy between novel nanostructures, optics (plasmonic and 
photonics), biology and electrokinetics (microfluidics and nanofluidic) and 
integrate them to develop transformative and disruptive new sensor 
technologies. Specifically, we are developing diagnostic sensors that use 
colloidal aggregation sustained by Dielectrophoresis, to form ultra-dense 
packing. These packing lead to new nano-ordered electrochemistry that not 
only increases the selectivity of the device (large shear force) but also has 
resulted in increased sensitivity. It is worthwhile to note that the sensitivity of 
the device is high enough to distinguish between active carboxyl groups 
versus a non-active one. To further increase the sensitivity, we are using a 
variety of different materials, nanostructures and transduction technologies. 
However, this biosensor is chiefly qualitative and cannot give quantitative 
information. Exchanging nanostructured packing from a liquid-solid interface 
to a solid-solid interface allows us to obtain both qualitative and quantitative 
data. In an earlier work, we showed the significant enhancement in the electric 
field from a nanostructured grating surface. For this device, we carry out 
glancing angle deposition (GLAD) of metals on top of a conventional polymer 
membrane. Atomic force microscopy and scanning electron microscopy 
allows us to observe multiple levels of geometrical singularities in the 
structure. The geometrical singularities result in significant enhancement of 
the electric field. Interestingly the high electric field enhancement allows 
theses membrane-GLAD substrates to be used for SERS. We will show how 
these nano-tailored substrates are being used for detection of cancer 
biomarkers, opioids in water with high sensitivity and selectivity. 

  



COLL 443 

Electrically modulated localized surface plasmon around self-
assembled-monolayer-covered nanoparticles 

ming su, m.su@neu.edu. Northeastern University, Newton, Massachusetts, 
United States 

We had studied the electrical field induced reorientation of water molecules 
adsorbed onto transparent conductive electrodes by monitoring localized 
surface plasmon of an array of gold nanoparticles. Electrical fields applied 
across electrodes change orientation of adsorbed water, which changes local 
dielectric constant of nanoparticle and leads to shifts of LSPR peaks. An 
energy barrier exists when ordered water molecules are turned from oxygen-
up to oxygen-down configuration. Frequency-dependent peak shifts show that 
reorientation is a reversible process. Rich reorientation dynamics are 
observed on gold nanoparticles, and self-assembled monolayer modified gold 
nanoparticles. A new spectroscopy technique is proposed on the basis of 
surface plasmon enhanced detection of electrically reoriented water 
molecules to provide signatures of adsorbed species. This work is important 
for three reasons. (1) The large peak shift indicates the fundamental cause of 
electrical modulation of localized surface plasmon should include some 
factors (i.e., water reorientation) normally not considered in the field of 
localized surface plasmon. (2) The new spectroscopy technique can be used 
to study the dynamic response of immobilized species (such as proteins) on 
solids in an electric field. (3) This work provides a simple yet powerful 
approach to study water ordering on electrode surface, which is of 
fundamental importance to many fields. 

COLL 444 

Development of plasmonic nanostructures toward surface-enhanced 
Raman scattering detection in point-of-care settings 

Nianqiang Wu, nick.wu@mail.wvu.edu. West Virginia University, 
Morgantown, West Virginia, United States 

Currently enzyme-linked immunosorbent assays (ELISA) and polymerase 
chain reaction (PCR) techniques are the commonly used for measurement of 
proteins and DNA biomarkers in human fluids, respectively. Although both the 
techniques are accurate, they are time-consuming, expensive and cannot be 
used in the point-of-care (POC) settings. This presentation will demonstrate 



our effort to develop surface-enhanced Raman scattering (SERS) biosensors 
toward POC diagnosis. We attempt to develop hierarchical plasmonic 
nanostructures to improve the sensitivity of SERS sensors, and to integrate 
plasmonic nanostructures into a paper-based microfluidic platform to minimize 
the device and to improve automation. 

COLL 445 

Symmetry broken nanostructures: Anisotropic and multi-component 
nanoparticles 

Alexander Kossak1, Benjamin Stephens1, Yuan Tian2, Mingwei 
Chen1,2, Thomas J. Kempa1, tkempa@jhu.edu. (1) Chemistry, Johns Hopkins 
University, Baltimore, Maryland, United States (2) Tohoku University, Sendai, 
Japan 

The synthesis of low-dimensional and nanostructured materials with 
sophisticated and precisely tunable structures/compositions is needed to 
advance our understanding of materials nucleation and growth and of the 
technological impacts that are possible. For example, anisotropic and multi-
component nanostructures are sought after for the unique optical, catalytic, 
and mechanical properties they support due to their broken symmetry. We 
demonstrate a one-pot, high-yield synthesis of anisotropic nanoscale dimers 
composed of noble metals and propose a mechanism for their formation. 
Detailed electron microscopy studies, in conjunction with nuclear magnetic 
resonance and optical spectroscopies, suggest these symmetry broken 
structures may possess unique plasmonic and catalytic properties. 

COLL 446 

Plasmonic biosensors with ultrastable biorecognition elements 

Congzhou Wang3, Jeremiah Morrissey4, Evan Kharasch5, Rajesh R. 
Naik1, Srikanth Singamaneni2, singamaneni@wustl.edu. (1) Air Force 
Research Laboratory, Dayton, Ohio, United States (2) Mechanical 
Engineering and Materials Science, Washington University, St. Louis, 
Missouri, United States (3) Washington University, St. Louis, Missouri, United 
States 

A wide range of conventional immunoassays and emerging biosensors rely on 
antibodies, which requires special handling and storage conditions, for 
example, transportation and storage within a “cold chain” system. We 



introduce silk and zeolitic imidazolate framework-8 (ZIF-8), a metal-organic 
framework (MOF), as a simple and versatile protective materials to preserve 
the antibody recognition capability of biochips under ambient and elevated 
temperatures. A plasmonic nanobiosensor is employed as a transduction 
platform for monitoring the formation and removal of the protective coatings 
and to quantify the biopreservation ability of these coatings under various 
extreme storage conditions. Formation of these protective coatings is easy, 
and a simple water rinsing step can restore the biofunctionality of the coated 
biochip, thereby making it highly convenient for use in point-of-care and 
resource-limited settings. We believe this energy-efficient and 
environmentally-friendly approach eliminates the needs for cold chain and 
temperature-controlled storage/shipping of diagnostic reagents and materials, 
thereby extending the capability of antibody-based biosensors to various 
resource-limited environments. More broadly, these protective coatings are 
expected to play a powerful role in the realization of ultrastable biodiagnostics 
and therapeutics. We will also present a novel class of plasmonic biosensors 
that rely artificial antibodies or peptide recognition elements with excellent 
thermal and chemical stability. This multi-pronged approach overcomes the 
poor stability of existing plasmonic biosensors and takes them closer to real-
world applications in resource-limited settings. 

COLL 447 

Biocompatible, liposome-based surface enhanced Raman spectroscopy 
(SERS) substrates 

Laura Sagle1, saglela@uc.edu, William Lum2, Ian Bruzas2, Zohre 
Gorunmez3. (1) Chemistry, University of Cincinnati, Cincinnati, Ohio, United 
States (2) Department of Chemistry, University of Cincinnati, Cincinnati, Ohio, 
United States (3) Physics, University of Cincinnati, Cincinnati, Ohio, United 
States 

Surface enhanced Raman spectroscopy (SERS) is a powerful technique 
capable of probing single molecules with unprecedented detail for biophysical 
studies. Unfortunately, most currently used SERS substrates contain <10 nm 
gaps between gold or silver particles, in which biological probe molecules are 
inserted. Although this strategy often leads to single molecule detection of the 
biological probe molecule, it also results in denaturation and inactivation of 
these molecules, which severely limits the use of SERS for biophysical 
measurements. In the Sagle group, we are working with novel liposome-
based SERS substrates, in which probe molecules are encapsulated in the 
liposome component, rather than tethered to or sandwiched between metallic 



surfaces. Initial characterization of a liposome-based gold nanoparticle on 
mirror substrate shows high field enhancement of 107-108, stability to laser 
illumination, and good measurement reproducibility. We have recently 
extended this idea to include silver particles and nanoshells around the 
liposome component, both of which exhibit increased SERS enhancement 
over the gold nanoparticle on mirror substrate and improved biocompatibility 
over traditional SERS substrates. 

COLL 448 

Surface coding of nanoparticles for self-assembly and plasmonic 
bioapplications 

Yossi Weizmann, yweizmann@uchicago.edu. Chemistry, University of 
Chicago, Chicago, Illinois, United States 

The precise and controllable arrangement of nanoparticles (NPs) has been a 
significant challenge because of the difficulty in labeling the relatively uniform 
surface chemistry of the particles with different organization scaffoldings; this 
is especially true for anisotropic particles. To achieve differentiated surface 
chemistry on the NPs, we selectively blocked their surfaces with a diblock 
copolymer by tuning the surface energy of the NPs, resulting in different 
accessibilities to their surfaces. Modification of the polymer-free region on the 
surface of the NPs with single-stranded DNA leads to controllable and site-
specific functionalization. The directionality and arrangement of the DNA-
functionalized NPs is thereby specific and programmable, allowing for 
increased order and complexity. This method has been shown to work on both 
isotropic and anisotropic particles of various shapes and sizes. To date, we 
have constructed a series of programmable and encapsulated nanoparticles 
(PENPs) with different binding affinities based on various nanoparticles with 
different shapes (NS, 0-D sphere; NR, 1-D rod; 2-D prism; and 3-D cube), 
different compositions (Au, Pd), and different sizes (20-100 nm). These 
particles have then been combined into several different assembly motifs, 
such as spherical gold NPs (AuNSs) dimers with same- or different-sized 
monomers, AuNR-AuNS dimer, AuNRs dimer (end-to-end or side-by-side), 
AuNRs linear chain, (-AuNR-AuNS-)X linear chain, AuNS-AuNR-AuNS trimer, 
etc. Since this strategy has been demonstrated on metal NPs, they can be 
used for applications in self-assembly, plasmonics, and photothermal energy 
conversion for nucleic acids amplification. 

  



COLL 449 

Controlling enzyme activity in enzyme-nanoparticle conjugates through 
selective ligand choice 

Sebastian Diaz4, sebastian.diaz@nrl.navy.mil, Soumyo Sen3, Carl Brown4, 
Eunkeu Oh1, Kimihiro Susumu1, Michael H. Stewart1, Joyce Breger4, Lauren 
D. Field4, Petr Kral2, Igor Medintz4. (1) Optical Sciences, US Naval Research 
Laboratory, Alexandria, Virginia, United States (2) University Illinois Chicago, 
Chicago, Illinois, United States (3) Chemistry, University of Illinois, Chicago, 
Chicago, Illinois, United States (4) CBMSE, Naval Research Laboratory, 
Washington, District of Columbia, United States 

Combining biomolecules such as enzymes with nanoparticles (NPs) can 
provide higher activity and effectiveness creating novel functional 
bionanomaterials. A particular design with extensive applicability as a sensor 
design are fluorescent NPs with conjugated enzyme substrates that quench 
the fluorescence. Upon modification of the substrate by a specific enzyme it 
no longer quenches the NP’s fluorescence, the change in fluorescence then 
becomes a simple readout of the enzymes activity. This form of assay is of 
great interest as it measures actual enzyme activity, as opposed to enzyme 
amount or mRNA precursor, and can be used in high throughput screens to 
test for enzyme co-factors or inhibitors. Yet very little is known about how the 
enzyme and NP interact at their interface. It is hypothesized that many of the 
positive interactions, as well as the negative ones, are due to the modified 
nanoenvironment in or near near the NP surface. These environments can 
have modified polarity, pH, or small molecule concentrations within the 
structures or near the NP surface as compared to the bulk solution. To this 
end we chose to examine a system where only the chemical nature of the 
surface functionalizing ligands of a CdSe/ZnS core shell quantum dot (QD) 
were modified, this changed the enzymes interaction with the NP resulting in 
modulated enzyme activity. 
The QD was conjugated with multiple copies of an organic dye (Cy3) labeled 
peptide that created a Förster resonance energy transfer (FRET) pair with the 
QD; the peptide also acted as a substrate for trypsin. The trypsin enzyme 
could cleave the peptide allowing the Cy3 to drift from the QD surface and 
diminish the FRET allowing for a ratiometric fluorescent signal. As mentioned 
the surface ligands of the QD were modified such that they could be positively 
or negatively charged, zwitterionic, neutral, and with differing lengths and 
hydrophobicity. 
Using a combination of experimental data and molecular dynamics 
simulations we found that key arrangements such as avoiding steric hindrance 



from longer surface ligands in combination with attractive forces (van der 
Waals and electrostatic) between the enzyme and the QD surface resulted in 
a 35-fold rise in enzymatic activity when compared to freely diffusing enzymes 
and substrates. 

COLL 450 

Bio-conjugation for designing novel adjuvants for vaccines via multiple 
reactions: Don't get too attached 

Aaron Esser-Kahn1, aesserka@uci.edu, Tyler J. Albin2, Janine Tom1, 
Amanda Burkhardt1, Adrienne Gilkes1, David H. Davies1, Philip Felgner1. (1) 
University of California, Irvine, Irvine, California, United States (2) Chemistry, 
University of California, Irvine, Irvine, California, United States 

Vaccinating against current diseases including Zika, TB, and Q-fever has 
proven a challenge for current adjuvant/antigen combinations. Many of these 
protective responses are primarily mediated by the cellular immune system, 
involving innate responses coupled with adaptive responses. Most current 
vaccine antigen candidates do not elicit sufficient protection. While these 
vaccines offer a diversity of antigens and provide good responses, they use a 
limited set of adjuvants to elicit greater cellular immunity. There are current 
challenges in (1) how different adjuvants influence the response to vaccine 
antigens and (2) how cellular responses can be controlled by adjuvant 
responses. Recently, we demonstrated that enhanced T-cell and antibody 
responses are elicited by adjuvants that activate multiple toll-like receptors 
(Multi_TLR Agonists). In a recent Q-fever vaccine project, we developed and 
tested 6 different Multi_TLR adjuvants that each activated 3 synergistic TLRs. 
There, innate and t-cell responses provide protection against Q-fever. In 
addition, our Multi_TLR adjuvants enhance and broaden immune responses 
against Q-fever vaccine candidates – creating a catalogue of distinct 
responses that can be modulated using each agonist. I will present our work 
testing combinations of our Multi_TLR adjuvant with Q-fever antigens and the 
subsequent immune responses and protection against Q-fever challeng. 
Using array technologies, we have determined how each Multi_TLR adjuvant 
changes the T-cells, antibody and cytokine responses to determine 
combinations that fit with protective profiles. 
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Transition-metal catalysis for site-selective protein modification 



Zachary T. Ball, zb1@rice.edu. Department of Chemistry MS-60, Houston, 
Texas, United States 

Site-selective modification of natural proteins is a major challenge of synthetic 
method development. This talk will focus on recent efforts to design transition-
metal-catalyzed methods that allow sequence- or structure-selective reactivity 
in a complex polyfunctional environment. Applications and mechanistic 
considerations will be discussed. 
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Cysteine-mediated redox signaling: Chemical tools for biological 
discovery 

Kate S. Carroll, kcarroll@scripps.edu. Scripps Florida, Jupiter, Florida, United 
States 

The exploration of thiol-based redox regulation and signaling offers a grand 
challenge for achieving a molecular-level understanding of its unique role in 
physiology and pathology. Redox biology also represents a frontier for 
developing new therapeutics for cancer, neurodegenerative, and metabolic 
diseases. We are developing novel small-molecule probes as a way to identify 
and study the underlying chemistry that governs thiol-based redox signaling. 
This talk will present our latest results in the discovery and understanding of 
reactive oxygen species as emerging new chemical signals and their influence 
on protein function vis-à-vis the oxidative post-translational modification of 
pivotal cysteine residues.  
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Biocompatible chemistries for imaging cellular cross-talk 

Jennifer A. Prescher, jpresche@uci.edu. chemistry dept, University of 
California Irvine, Irvine, California, United States 

The chemical reporter strategy is a popular method to monitor bioactive 
metabolites in live cells and other complex environments. This strategy 
involves the metabolic introduction of unique chemical handles (i.e., “chemical 
reporters”) into target biomolecules. The reporter groups can then be 
specifically detected using highly selective (i.e., bioorthogonal) reactions. 
While dozens of chemical reporters and bioorthogonal reactions have been 
reported in recent years, major limitations remain: (1) many reagents are too 
large or unstable for tagging biomolecules in live cells and (2) many of the 
most popular reagents cross-react with one another and cannot be used in 
tandem. To address these issues, we are identifying new reactions and 
combinations of reactions that can be used concurrently in live cells. This talk 
will showcase our recent work toward developing compatible bioorthogonal 
chemistries. Applications in multi-component imaging and monitoring cell-cell 
interactions will also be discussed. 
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Making new materials from synthetically modified proteins 

Matthew B. Francis, mbfrancis@berkeley.edu. University of California, 
Berkeley, California, United States 

The uniquely diverse structures and functions of biomolecules offer many 
exciting opportunities for creating new materials with advanced properties. 
Using only a limited set of side chains and auxiliary groups, they have evolved 
unparalleled abilities to accelerate chemical transformations, facilitate the 
delivery of genetic cargo to targeted cells, bind specific analytes in complex 
mixtures, transduce energy, and generate elaborate three-dimensional 
structures through self-assembly. Over the years, our lab has sought to 
incorporate these capabilities into new materials for use in diagnostic imaging, 
solar energy collection, and water purification. To do this, however, we also 
needed to develop a suite of chemical strategies that can attach synthetic 
molecules and polymers to single locations on a wide range of biomolecules. 
For future materials applications these reactions also must be economical and 
scalable, requiring them to achieve high yields with minimal reagent excesses. 



The development of such strategies presents a major frontier in contemporary 
chemistry research, and in addition to facilitating materials synthesis these 
new methods have far-reaching implications for biological labeling and the 
preparation of biotherapeutics. This presentation will focus on the application 
of these new modification strategies for the preparation of new bioconjugates 
for a range of different applications. 
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Engineering particles for bio–nano science and beyond 

Frank Caruso, fcaruso@unimelb.edu.au. Department of Chemical and 
Biomolecular Engineering, The University of Melbourne, Parkville, Victoria, 
Australia 

The past few decades have witnessed rapidly growing interest in the 
application of nanotechnology in biomedicine. A major focus in this field is the 
design and engineering of particles for targeted therapy and diagnostics, as 
particles can facilitate high payloads, prolong the circulation time and 
availability of drugs, improve drug targeting and solubility, and provide 
controlled-release of therapeutics into the bloodstream or targeted tissues. 
The nanoengineering of particles through templated assembly (e.g., through 
layer-by-layer assembly or metal-ligand complexation) has been used 
extensively to engineer a diverse array of particles for such applications. This 
presentation will discuss our research on the development of nanoengineered 
particles and their bio-nano interactions, focusing on challenges encountered 
from processing to fouling and scale-up. These studies are aimed at obtaining 
detailed knowledge of complex bio-nano interactions, which is fundamental for 
enabling the rational design of particles for biological applications. The 
emerging theme of “convergent science”—including topics such as 
translational alignment, bio-nano standards, and dark data—a theme that is 
key for increasing the impact of nanoengineered materials in bio–nano 
science and beyond, will also be discussed. 

COLL 456 

Probing the interactions of anions and cations with phospholipid 
membranes 

Paul S. Cremer, psc11@psu.edu. Department of Chemistry, Department of 
Biochemistry and Molecular Biology, The Pennsylvania State University, 
University Park, Pennsylvania, United States 



We have investigated the binding of cations to phospholipid bilayers and the 
associated changes in interfacial water structure. The measurements were 
made by vibrational sum frequency spectroscopy as well as by 
epifluorescence microscopy using microfluidic platforms. It was found that 
metal cations interact with lipid head groups in a wide variety of ways. For 
example, alkali metal cations (e.g. K+, Na+, Li+) interact only weakly with the 
negatively charged carboxylate and phosphate groups on lipid head groups. 
Specifically, the equilibrium dissociation constant, KD, with lipids bearing a net 
negative charge, such as phosphatidylserine (PS), phosphatidic acid (PA), 
and phosphatidylglycerol (PG), is in the high millimolar range. Alkaline earth 
metal cations like Mg2+ and Ca2+have KD values that are at least two orders of 
magnitude lower for the same groups on PS, PA, and PG lipids. All of these 
cations cause substantial changes to the interfacial water structure and follow 
a direct Hofmeister series with the most strongly hydrated cations binding 
more tightly than the most weakly hydrated cations. Significantly, Ca2+ will 
form contact ion pairs with phosphate moieties and can lead to bridging 
interactions between lipids, which can substantially alter lipid head group 
orientation. By contrast, Mg2+ does not form contact ions pairs with 
phosphate, and therefore does not bridge multiple lipids together nearly as 
effectively. Finally, transition metal ions can bind to amine moieties on PS and 
phosphatidylethanolamine (PE) lipids according to the Irving-Williams series. 
The tightest known coordination complex is formed between two PS lipids and 
1 Cu2+, which has an apparent KD value in the low picomolar range. Anions 
interact much less specifically with lipid membranes. In contrast to cations, 
weakly hydrated anions like SCN- or I-will penetrate much more deeply into 
the lipid membrane. Strongly hydrated anions are usually partitioned away 
from the membrane/water interface. 
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Nanocellulose for nanotechnologies 

Liangbing Hu, binghu@umd.edu. Materials Science and Engineering, 
University of Maryland College Park, Hyattsville, Maryland, United States 

One dimensional (1D) nanocellulose (NC) biopolymers provide the backbone 
of a large portion of the natural world. Produced by plants and bacteria, NC is 
the most available renewable nanomaterial on earth and one of the least 
expensive to access and utilize. Plant photosynthesis produces NC, with ~30-
40 wt.% of as ordered cellulose nanofibers (CNF) or nanocrystals (CNC, the 
crystalline part of CNF). The strong intra- and inter-chain hydrogen bonding 
leads to outstanding mechanical properties including a high Young’s modulus 



(~200 GPa) and tensile strength (3-6 GPa) in cellulose nanofibers that 
exceeds steel wires, multi-walled carbon nanotubes and synthetic Kevlar 
fibers. Due to these exceptional properties, wood-based cellulose nanofibers 
have attracted tremendous interest as a sustainable nanomaterial. If utilized 
efficiently, the global shortage of petroleum-based raw materials could be 
resolved. 
I will discuss assembly and functionalization strategies aimed at specific 
properties, with an eye toward high impact applications including energy, 
electronics, building materials and water treatment. 
Nanomanufacturing and light management in transparent nanopaper for 
optoelectronics (as a replacement of plastics); 
Thermal, optical and mechanical properties of nanostructured wood for 
building efficiency (transparent wood as a replacement of glass, thermal 
insulating nanowood); 
Mechanical properties of densely packed nanocellulose for lightweight 
structural materials (replacement of steel); 
Fluidics and nanofluidics of aligned cellulose nanofiber framework for water 
treatment, ionic thermoelectrics and energy conversion devices; 
Artificial tree for high-performance water desalination and solar steam 
generations; 
Mesoporous, three-dimensional carbon derived from wood for advanced 
batteries (replacement of metal current collectors for beyond Li-ion batteries). 
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Responsive organic nanosystems for targeted bioimaging and therapy 

Yanli Zhao, zhaoyanli@ntu.edu.sg. Division of Chemistry and Biological 
Chemistry, Nanyang Technological University, Singapore, Singapore 

Conventional anticancer drugs are distributed non-specifically in the human 
body where they affect both cancerous and normal cells, thereby limiting the 
dose uptake within the tumor and also resulting in suboptimal treatment. 
Using drug carriers can enhance the intracellular concentration of drugs in 
cancer cells while minimizing their toxicity in normal cells. During our research 
at Nanyang Technological University, we have innovatively developed several 
types of organic drug carriers for performing targeted cancer therapy. We 
have employed a supramolecular strategy to prepare self-assembled 
nanoparticles in order to enhance the biodegradability of the carriers, and also 
developed integrated nanoparticles as exogenous contrast agents for 
enhancing the capability of cancer imaging modalities. Treated with our 
targeted nanoparticles, the tumors in the mice did not grow further but actually 



shrunk in size. Importantly, the biocompatible nanoparticles that did not reach 
the tumors were simply excreted from the bodies without harming healthy 
cells. Thus, we have demonstrated a successful cancer therapy process of (1) 
intravenous injection, (2) controlled and targeted drug delivery to tumor, and 
(3) carrier excretion from the body by using multifunctional drug carriers. 
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Interface engineering for nanoelectronics 

Christina A. Hacker, christina.hacker@nist.gov. Stop 8120, NIST, 
Gaithersburg, Maryland, United States 

The pace of innovation within the electronics industry is picking up steam in 
response to critical challenges as conventional silicon technology matures. 
Increasingly, semiconductor-based systems, from small sensors to high 
performance computers, or everything in between, must maximize 
performance, while minimizing energy use and providing security and 
assurance. As recently highlighted in “Semiconductor Research 
Opportunities” by the SIA/SRC, for the semiconductor industry to continue 
achieving performance improvements, the broader research community needs 
a comprehensive approach that considers all aspects of semiconductor 
technology, including novel materials, new manufacturing techniques, new 
structures, system architectures and applications. 
 
Among these approaches is the fundamental understanding of electronic 
processes at interfaces since the interface increasingly dominates electronic 
performance. I will describe advances made in our ability to manipulate and 
measure organic and molecular interfaces at the nanometer scale and the 
impact on the resulting electronic performance. This talk will contain three 
primary themes, 1-designer interfaces, 2-electronic junction formation, and 3-
advancing metrology for nanoelectronics. The foremost step of interface 
engineering is the ability to create designer surfaces where monolayers can 
be tailored for specific electronic properties. This can be achieved by 
controlling the tunnel barrier thickness on a ferromagnetic electrode or by 
using click chemistry to create dense, high-quality electrically active molecular 
layers. Understanding the electrical response on the nanoscale is non-trivial 
as often creating the test structure creates artifacts that dominate the 
electronic response. In particular, I will focus on the measurement advances 
made in molecular electronics, highlighting our understanding of the interface 
science and characterization. 
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Ultra-thin thermo-responsive self-folding 3D graphene 

Weinan Xu1, weinanxu@gmail.com, Zhao Qin3, Chun-Teh Chen3, Hyerin 
Kwag1, Qinli Ma4, Anjishnu Sarkar1, Markus J. Buehler2, David H. 
Gracias1. (1) Chemical and Biomolecular Engineering, Johns Hopkins 
University, Baltimore, Maryland, United States (2) Civil and Environmental 
Engineering, MIT, Cambridge, Massachusetts, United States (3) Civil and 
Environmental Engineering, Massachusetts Institute of Technology, Boston, 
Massachusetts, United States (4) Physics and Astronomy, Johns Hopkins 
University, Baltimore, Maryland, United States 

Graphene and other two-dimensional materials have unique physical and 
chemical properties of broad relevance. It has been suggested that 
transformation of such atomically planar materials to three-dimensional (3D) 
geometries by bending, wrinkling or folding could significantly alter their 
properties and lead to novel structures and devices with compact form factors, 
but strategies to enable such shape-change remain limited. Here, we report a 
benign thermally responsive method to fold and unfold monolayer graphene 
into predesigned, ordered 3D structures. The methodology involves the 
surface functionalization of monolayer graphene using non-covalent bonded 
mussel-inspired polydopamine and thermo-responsive poly(N-
isopropylacrylamide) brushes. The functionalized graphene is micropatterned 
and self-folds into ordered 3D structures with reversible deformation under a 
full control by temperature. The structures are characterized using 
spectroscopy and microscopy, and self-folding is rationalized using a multi-
scale molecular dynamics model of such functionalized graphene. Our work 
demonstrates the potential to design and synthesize ordered 3D graphene 
structures with predictable dynamics. We highlight applicability by 
encapsulating live cells and creating non-linear resistor and creased transistor 
devices. 

COLL 461 

Aquatic stability of few-layered black phosphorus: The leading edge of 
2-dimensional nanomaterials 

S. Drew Story1, DStory@engr.ucr.edu, Linda Guiney2, Mark Hersam2, Sharon 
L. Walker1. (1) Chemical & Environmental Engineering, University of 
California, Riverside, Riverside, California, United States (2) Northwestern 
University, Evanston, Illinois, United States 



Few-layered black phosphorus (FLBP) nanomaterials are quickly joining other 
planar, i.e. 2-dimensional nanomaterials in a variety of optical, electronic, and 
biomedical applications, due to its remarkable physical-chemical properties. 
However, since FLBP nanomaterials have a propensity to degrade in the 
presence of oxygen, they have only recently been prepared in aqueous 
solution. Thus, the aquatic stability of these FLBP nanomaterials is not well 
known. In this study, we performed fundamental colloidal stability experiments 
to better characterize these novel nanomaterials. Specifically, the influence of 
aquatic conditions on the electrophoretic mobility and effective diameter, 
including that of ionic strength, pH, and the presence of biologically relevant 
protein were explored. Findings include unexpected trends of the 
electrophoretic mobility being only minimally affected by extreme pH levels, 
and the effective diameter of the suspension likewise being relatively 
unresponsive to even a 5-log increase in ionic strength as compared to other 
planar nanomaterials. Yet, the rate of aggregation of the FLBP nanomaterials 
was also evaluated to determine the critical coagulation concentration of the 
suspension and identify the diffusion-limited and reaction-limited aggregation 
regimes. This work serves as the first fundamental study of the aquatic 
stability of an emergent nanomaterial and lays the groundwork for continued 
development for colloidal applications of few-layered black phosphorus. 

COLL 462 

Molecular insight into polymer-ionic liquid mediated lubrication 

Mengwei Han, Rosa M. Espinosa-Marzal, rosae@illinois.edu. University of 
Illinois at Urbana-Champaign, Urbana, Illinois, United States 

It is well-known that the fluid-like cushioning layer of solvated polymer brushes 
effectively reduces friction. The lubrication mechanism relies on the repulsive 
force of osmotic and steric origin that efficiently separates the two counter-
surfaces, thereby hindering polymer chain overlap. As a consequence, a thin 
film of solvent remains between the two polymer chains providing a plane that 
is easy to shear, which reduces friction. To fully leverage the lubricating 
behavior of polymer brushes, a very good solvent is needed to stretch the 
anchored polymer chains. Ionic liquids (ILs) are considered outstanding 
solvents, and thus, they could potentially serve as the swelling agent for 
neutral polymers, and polyelectrolytes. Moreover, they have a low vapor 
pressure, high viscosity and thermal stability, and higher conductivity and 
electrochemical stability than other aqueous and non-aqueous solvents, which 
provides a route to design novel lubricant systems with improved properties 
for a greater field of applications. 



Ionic liquids are known to absorb on many surfaces and to form multi-layer 
boundary films at the solid-liquid interface. In the absence of tribochemistry, 
this behavior has been shown to promote low friction compared to lubricant 
oils under similar conditions. However, thermal fluctuations at soft interfaces, 
like in case of polymer brushes, are known to disturb the layering of boundary 
films, and hence, different mechanisms are responsible for the lubrication 
provided by these films. Based on our studies at the molecular scale, we 
propose various mechanisms underlying the shear behavior of binary systems 
composed of polymer films and ionic liquids. 

COLL 463 

Investigation of effect of steric substituents on the organization of 
methacrylate monomers at air-liquid interface using sum frequency 
generation spectroscopy 

Uvinduni I. Premadasa1, up641914@ohio.edu, Katherine A. Cimatu3, 
Narendra M. Adhikari2. (1) Chemistry and Bio Chemistry, Ohio University, 
Athens, Ohio, United States (2) Chemistry and Biochemistry, Ohio University, 
Athens, Ohio, United States (3) Department of Chemistry and Biochemistry, 
Ohio University, Athens, Ohio, United States 

Study of variations in monomer conformations due to the presence of steric 
substituents is important as it provides insight into the relationship between 
surface structure and properties of monomers and polymers. Methacrylate 
monomers and their polymers are important because of their applications in 
dentistry, adhesives and lubricant coatings. Understanding the effect of 
variations in the interfacial conformation of the functionalized monomers will 
assist to the design of polymers used as polymer thin films. In this work, the 
ethyl end of the methacrylate backbone is substituted with methoxy (-OCH3), 
isopropoxy (-OiPr), tert-butoxy (-OtBu), and phenoxy (-OPh) groups to 
investigate the effect of steric substituents. These functionalized monomers 
are synthesized by the nucleophilic addition/elimination reaction between 
mathacryloyl chloride and the bulky substituted alcohol. Then these 
monomers are characterized using Sum Frequency Generation Spectroscopy 
(SFGS) at the air-liquid interface. The spectroscopic results are correlated 
with the measured surface tension (ST) values of the liquid monomers. The 
sterically substituted methacrylate-based functional monomers affect the 
contributions, distributions, and conformations of the molecular groups at the 
surface. The bulkier the substituent, an increase in the number density of the 
methyl symmetric stretch vibrational mode and their orientation towards the 
surface normal compete with the other molecular groups from orienting 



themselves at the interface. The ST values resulted in a trend where –OCH3>-
OiPr>-OtBu agreed with the SFGS results. The –OPh substituted monomer 
had a high ST value due to the effect of existing dispersive forces including pi-
bonding and its orientation at the surface.  
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Liquid surfactants for boron nitride nanosheet (BNNS) processing 

Touseef Habib1, touseef@tamu.edu, Dinesh S. Devarajan3, Fardin Khabaz3, 
Dorsa Parviz1, Thomas Achee1, Rajesh Khare2, Micah J. Green1. (1) Chemical 
Engineering, Texas A&M University, Bryan, Texas, United States (2) Texas 
Tech University, Lubbock, Texas, United States (3) Chemical Engineering, 
Texas Tech, Lubbock, Texas, United States 

Boron nitride nanosheets (BNNSs) are a tremendous nanomaterial with 
excellent material properties, but obtaining them through liquid-phase 
exfoliation remains challenging due to low yields in common solvents. Recent 
studies suggest cosolvent mixtures or mixtures of alcohol and water at certain 
weight ratios can yield BNNSs dispersions with a higher concentration. The 
role of alcohols, specifically the role of t-butanol for BNNSs stability in 
dispersions will be explained. Through carefully crafted experiments and with 
molecular dynamics simulations, it was established that t-butanol behaves like 
a liquid dispersant; interacting with both water molecules and nanosheets to 
prevent aggregation. The BNNSs obtained from these dispersions are not 
only of high quality (as shown by TEM images), but the dispersions can also 
be freeze dried to obtain non-aggregated BNNSs powder. The freeze dried 
BNNSs powder are re-dispersible without the need of an extra exfoliation 
step; this demonstrates the freeze dried BNNSs powder can be utilized in 
different industrial processes without the worry of aggregation. 
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Constrained dewetting of grafted homopolymers for nanolithography 

Moritz Tebbe, moritz.tebbe@utoronto.ca, Elizabeth Galati, Gilbert C. Walker, 
Eugenia Kumacheva. Chemistry, University of Toronto, Toronto, Ontario, 
Canada 

The development of time- and cost-efficient techniques for the surface 
patterning with a characteristic feature size on the order of tens of nanometers 
remains an important goal of nanoscience and nanotechnology. Such 



nanostructures are used in a plethora of applications, e.g. semiconductor 
microelectronics and optics. Block-copolymer lithography, a self-assembly 
approach that utilizes polymer molecules comprised of distinct covalently 
linked polymer blocks, enables surface nanopatterning with topographic and 
chemical periodic or aperiodic patterns. The limitations of block copolymer 
nanolithography include the necessity of selective etching of one of the blocks 
when access to the substrate is needed, the challenge in patterning of curved 
surfaces and sophisticated synthesis, especially if high molecular weight of 
the blocks is needed. Here, we present the surface nanopatterning strategy 
that utilizes homopolymers grafted to a planar surface with one-end in a 
brush-like configuration. When transferred from a good to a poor solvent, the 
polymers undergo constrained dewetting and exhibit surface segregation with 
characteristic feature size in the range of 20-40 nm. We show control over the 
surface pattern – from spherical micelles to wormlike features to networks and 
porous structures, which is achieved by changing the grafting density and the 
molecular weight of the polymer brushes. The surface patterns formed by 
homopolymer brushes have been used as a template for nanolithography by 
using back-filling strategies with organic and inorganic materials. 
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Effects of external electric field on spreading of a surfactant on aqueous 
surface 

Shigeki Tsuchitani, tutitani@sys.wakayama-u.ac.jp, Takuya Shuto, Hirofumi 
Miki, Kunitomo Kikuchi. Opto-mechatronics, Wakayama University, 
Wakayama, Japan 

Spontaneous spreading of thin liquid films over substrate surfaces are 
attracting much attention due to practical importance in the fields such as 
coating, printing, drug delivery, and oil spill tracking. External control of the 
spreading improves the efficiency and accuracy of such operations. In this 
study, we have investigated effects of external electric field on the spreading 
of a surfactant on aqueous substrate. 
A droplet (5 ml) of aqueous solution of sodium dodecyl sulfate (SDS, critical 
micelle concentration: 8.2 mM at 25°C), which is an anionic surfactant, was 
deposited on an aqueous surface. Mica powder was dispersed on the 
aqueous surface to visualize the spreading. Electric field (10 kV/cm) was 
applied to the spreading SDS layer by applying a voltage between two 
transparent electrodes which were placed above and below the aqueous 
substrate (5 mm thick) and arranged parallelly to the aqueous surface. 
Positive electric field with the direction from air to water and negative one with 



the opposite direction were applied. The dispersion state of the mica powder 
during the spreading was recorded with a video camera. 
The spreading advanced in a circle whose radius increased with time like At α. 
Without the electric field, spreading exponent α increased from 0.43 to 0.58 
with increase in the SDS concentration from 4 to 12 mM. Prefactor A also 
increased with increasing the concentration. Both positive and negative 
electric fields decreased the spreading exponent and prefactor. Especially, the 
effects of the application of the negative electric field were remarkable and 
they increased with increase in the concentration. In the spreading of the 
aqueous solution with the concentration of 12 mM, the application of the 
negative electric field decreased the spreading exponent from 0.58 to 0.37, 
and also decreased the prefactor at the rate of 32%. We consider that the 
decreases in the spreading exponent and prefactor due to the application of 
the negative electric field are caused by the increase in the solubility of SDS 
into the aqueous phase, since the negative electric field applies the coulomb 
force to the surface active anion of SDS in the direction toward the 
underwater. 
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Self-collapse lithography 

Chuanzhen Zhao4, chuanzhenzhao@gmail.com, Xiaobin Xu4, Qing Yang4, 
Tianxing Man3, Steven J. Jonas5, Jeffrey Schwartz6, Pei-Yu Chiou3, Anne M. 
Andrews2, Paul S. Weiss1. (1) MC 722710, California NanoSystems Inst. 
UCLA, Los Angeles, California, United States (2) Mailbox 77, UCLA 
Neuroscience Bldg, Los Angeles, California, United States (3) Department of 
Mechanical and Aerospace Engineering, UCLA, Los Angeles, California, 
United States (4) California NanoSystems Institute and Departments of 
Chemistry & Biochemistry, University of California, Los Angeles (UCLA), Los 
Angeles, California, United States (5) Department of Pediatrics, David Geffen 
School of Medicine, Eli & Edythe Broad Center of Regenerative Medicine and 
Stem Cell Research, and Children’s Discovery and Innovation Institute, 
University of California, Los Angeles, Los Angeles, California, United States 
(6) Department of Physics and Astronomy, University of California, Los 
Angeles, Los Angeles, California, United States 

In this work, we exploit a previously undesirable characteristic of soft 
lithography, namely roof-collapse, utilizing it to develop a facile and robust soft 
lithography technique for high-throughput nanoscale chemical patterning, 
called “self-collapse lithography”. Nanoscale channels formed naturally at the 
edges of microscale relief features of elastomeric stamps were used to 



generate sub-30-nm features. A wide range of shapes (e.g., circles, squares, 
lines) and feature sizes (down to sub-30 nm) can be patterned by strategically 
designing stamps’ feature dimensions (such as shapes or depth) or Young’s 
modulus in a highly controllable manner. These chemical patterns can further 
serve as resists during selective etching process to pattern underlying 
materials such as gold. Finite element model simulations suggest a 
straightforward mechanism for the self-collapse process through the 
competition between the restoring stress and adhesion stress along the gap 
edge of the stamp features. These simulation results correlate well with the 
experimental data and reveal the relationship between linewidths, channel 
heights, and Young’s moduli of the stamps. This work provides new insight 
into the natural propensity of elastomeric stamps to self-collapse and 
demonstrates a means of exploiting this behavior to achieve 
patterning via nanoscale chemical lift-off lithography. 
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Ultra-dense and long-lasting shells for inorganic nanoparticles are 
based on cyclic polymer brushes 

Giulia Morgese2, giulia.morgese@mat.ethz.ch, Behzad S. Shaghasemi1, Erik 
Reimhult1, Edmondo Maria Benetti2. (1) Dept. of Nanobiotechnology, BOKU 
Wien, Vienna, Austria (2) Materials, ETH Zurich, Zurich, Switzerland 

The application of functional, inorganic nanoparticles (NPs) within 
physiological environments is in the first place determined by the capability of 
their organic shells to protect them from any unspecific physico-chemical 
interaction with the surrounding medium. The most common strategy to meet 
this prerequisite relies on the entropic and enthalpic stabilization of NPs 
mediated by hydrophilic and neutral end-tethered polymers forming dense 
“brush” shells around their inorganic cores. Concentrating on the applicability 
of polymer stabilizers for NPs beyond chain linearity, we demonstrate that 



cyclic poly-2-ethyl-2-oxazoline (PEOXA) ligands, applied on 
superparamagnetic Fe3O4 NPs provide enhanced colloidal stability and 
bioinertness in physiological media. When linear PEOXA brush shells fail in 
providing colloidal stabilization to NPs, the cyclic ones assure long lasting 
dispersions. While the thermal-induced de-hydration of linear PEOXA shells 
cause irreversible aggregation of the NPs due to the insufficient screening of 
their inorganic cores, the collapse and subsequent re-hydration of similarly 
grafted cyclic brushes, allow the full recovery of individually dispersed NPs. 
Although linear PEOXA ligands are densely grafted on Fe3O4 cores, a small 
plasma protein like bovine serum albumin (BSA) still physisorbs within their 
shells. In contrast, the impenetrable entropic shield provided by cyclic brushes 
efficiently prevents nonspecific interaction with proteins. All the unique 
properties of cyclic polymer brush shells suggest the next-generation design 
for the development of bioimaging and drug-delivery systems based on 
inorganic NPs. 

 

COLL 469 

Reconfigurable all-liquid systems using dimensionally confined colloidal 
nanoparticle–polymer surfactant assemblies at liquid-liquid interfaces 

Brett Helms1,2, bahelms@lbl.gov, Wenqian Feng1,2, Joseph W. Forth2, 
Thomas P. Russell2. (1) The Molecular Foundry, Lawrence Berkeley National 
Lab, Berkeley, California, United States (2) Materials Sciences Division, 
Lawrence Berkeley National Lab, Berkeley, California, United States 



Here I will describe our recent efforts in understanding the 2-D phase behavior 
of colloidal nanoparticle assemblies with polymer surfactants that span a 
liquid-liquid interface. These assemblies can exist in quasi-2D liquid-like and 
solid-like states, depending on the structure of the interface. I will highlight 
how it is possible to leverage the dynamic aspects of bonding between the 
nanoparticles and the polymers in these systems to controllably switch 
between these solid-like and liquid-like states on demand, which allows for a 
variety of non-equilibrium shapes (e.g., ellipsoids, cylindrical channels) to 
become shape-persistent. I will also show how the kinetic trajectory between 
them can be guided in space and time, which allows for the fabrication of new 
functional all-liquid systems, such as an all-liquid microfluidic device. 

COLL 470 

Competition between ions and nanoparticles during the reversible 
attachment of nanoparticles to a fluid interface 

Michael A. Bevan1, Joelle Frechette2, jfrechette@jhu.edu. (1) 221 Maryland 
Hall, Johns Hopkins Univ Chemistry Biomol Engr, Baltimore, Maryland, United 
States (2) Johns Hopkins University, Baltimore, Maryland, United States 

We characterize the dynamic and equilibrium adsorption of 5 nm gold NPs 
functionalized with ion-pair ligands at the toluene-water interface. We show 
that NP adsorption at the oil-water interface can be modulated by the pH and 
salt concentration. Partitioning of the NPs between the bulk aqueous phase 
and the interface is measured via absorbance spectroscopy for two different 
aqueous phase pHs (11.0 and 11.7) and over several orders of magnitude of 
aqueous phase NP concentration. The surface pressure of the interfacial film 
in equilibrium with the bulk aqueous phase is measured using the pendant 
drop method. We determine the range of surface pressure where the 
adsorption is reversible, as well as, conditions under which the adsorbed NPs 
are irreversibly adsorbed at the oil-water interface. We demonstrate that NP 
adsorption competes with the attachment of amphiphilic ions from the bulk 
phase. We present a model for the Reversible adsorption of nanoparticles 
(NP) to oil-water interfaces that is based on a decrease in interfacial area and 
interaction between the particles. We show that the model describes well the 
equilibrium and dynamic conditions. 

COLL 471 

Emulsion-based, stimuli-responsive compound micro-lenses 



Sara Nagelberg5, Lauren D. Zarzar3, Natalie Nicolas 6, Kaushik 
Subramanian4, Julia A. Kalow2, Vishnu Sresht1, Daniel Blankschtein1, George 
Barbastathis5, Moritz Kreysing4, Timothy M. Swager7, Mathias Kolle5, 
mkolle@mit.edu. (1) Department of Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) 
Department of Chemistry, Northwestern University, Evanston, Illinois, United 
States (3) Materials Science and Engineering and Chemistry, The 
Pennsylvania State University, State College, Pennsylvania, United States (4) 
Max Planck Institute for Molecular Cell Biology and Genetics, Dresden, 
Germany (5) Department of Mechanical Engineering, Massachusetts Institute 
of Technology, Cambridge, Massachusetts, United States (6) Department of 
Materials Science and Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (7) Department of Chemistry, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States 

Micro-scale optical components play a crucial role in imaging and display 
technology, biosensing, beam shaping, optical switching, wavefront-analysis, 
and device miniaturization. Here, we demonstrate liquid compound micro-
lenses with dynamically tunable focal lengths, inspired by the architectures 
found in the retina of nocturnal animals. We employ bi-phase emulsion 
droplets in responsive micro-lenses that can be reconfigured to focus or 
scatter light, and to form images. We provide evidence of the micro-lenses’ 
functionality for two potential applications – integral micro-scale imaging 
devices and light field display technology – thereby demonstrating both the 
fundamental characteristics and the promising opportunities for fluid-based 
dynamic refractive micro-scale compound lenses. 

 
 
Reconfigurable fluid micro-lenses. a) Side view optical micrographs of bi-phase 
droplets with varying internal interface curvature. Scale bar 100µm. b) Finite 



difference time domain modeling of light propagating through a reconfigurable micro-
lens with varying internal interface curvature. The internal morphology governs the 
lenses’ focal length. c) Effective focal length of fluid micro-lenses as a function of 
internal radius of curvature Ri, normalized by the droplet diameter Rd.  

COLL 472 

Continuous visualization of complex liquid emulsions using on-chip ring 
resonators 

Suchol Savagatrup, vsuchol@gmail.com, Timothy M. Swager. MIT, 
Cambridge, Massachusetts, United States 

Complex liquid emulsions are a class of sensors that translate chemical 
events into observable morphological responses. Recently, we reported 
selective and sensitive methods to detect the activity of enzymes and the 
presence of foodborne pathogens. These methods rely solely on the changes 
in the optical transmission of the emulsions as the mechanism of transduction, 
which may limit the generality of the sensors to certain analytes. In this 
presentation, we report the novel approach to continuously sense and quantify 
the morphology of these emulsions using on-chip ring resonators. The 
morphological changes of the droplets are visualized by the characteristic 
peaks in the transmission spectra of the resonators. Specifically, the shift in 
the resonant wavelength of the ring resonator is highly sensitive to the small 
changes in the localized effective refractive indices induced by the 
morphological switches. By tuning the compositions of the droplets, we 
demonstrated the capability and sensitivity of the on-chip device to detect 
different classes of analytes (i.e. UV-light, alkaloids, and biomacromolecules). 
We anticipate the combination of complex liquid emulsions and integrated 
photonics will provide ultra-compact, cost-effective, and generalized method 
for chemical and biological sensing schemes. 

 



 
 

COLL 473 

Exploiting the fluorous phase to readily access multifunctional 
nanomaterials 

Rachael Day, Daniel Estabrook, Ellen M. Sletten, 
ellen.may.sletten@gmail.com. Chemistry and Biochemistry, UCLA, Los 
Angeles, California, United States 

The fluorous phase is orthogonal to aqueous and organic solutions, providing 
opportunities for facile, controlled assembly of nanomaterials. Furthermore, 
fluorous components have unique, abiotic properties that allow chemistries to 
be controlled in complex settings. We aim to transform perfluorocarbon 
nanoemulsions, droplets of fluorous solvent stabilized by surfactants, into 
responsive, multifunctional nanomaterials by imparting custom surfactants 
and fluorous chromophores. These nanoemulsions can be prepared in one-
step via sonication. We have previously shown that photoactive molecules 
can be localized inside the nanoemulsions by introducing fluorous-tagged 
fluorophores prior to assembly. More recently, this strategy has proven 
advantageous for other photoactive molecules. I will discuss our results 
regarding the design, preparation, and application of these multifunctional 
perfluorocarbon nanoemulsions toward targeted imaging and photodynamic 
therapy. 

COLL 474 

ZIF as efficient acid-sensitive nanoparticles for intelligent anticorrosion 
coatings 

Shuo Yang, yangshuo@ipe.ac.cn. Chinese Academy of Sciences, Institute of 
Process Engineering, Beijing, China 



This work presents the synthesis of Zeolitic Imidazolate Framework 7 (ZIF-7) 
and their application as nanoparticles releasing corrosion inhibitor 
(Benzimidazol, BI) and embedded in epoxy coating for the corrosion 
protection of mild steel. The successful embedding and homogeneous 
distribution of the ZIF-7 in the passive anticorrosive epoxy film improve the 
wet corrosion resistance of the mild steel in 0.1 M hydrogen chloride solution. 
The enhanced corrosion protection of this newly developed active system in 
comparison to the passive epoxy coating was observed during a simulated 
corrosion process by the Electrochemical impedance spectroscopy (EIS). 
These results, as well as the acid-sensitive release of BI from the ZIF-7, 
suggest an inhibitor release triggered by the corrosion process leading to a 
self-healing effect. The important effect of particle shapes and sizes were 
described in this work by investigating three types of ZIF-7 (∼ 100nm 
spherical, 400 nm rhombic-dodecahedral, and 1300 nm rod-shaped). And the 
coating barrier properties are strongly influenced by the particle shapes and 
sizes as assessed with EIS. 

 

COLL 475 

Nanoscale interfacial complexation in emulsions (NICE): From 
encapsulation and controlled release to protocells 

Daeyeon Lee, daeyeon@seas.upenn.edu. University of Penn, Philadelphia, 
Pennsylvania, United States 

Polyelectrolyte microcapsules represent a class of responsive colloids with a 
wide range of functionality and properties, making them useful for applications 



in encapsulation and delivery of actives. Despite their functionality, 
widespread utilization of polyelectrolyte microcapsules is limited because their 
preparation methods often require multiple steps or do not yield 
microcapsules with high encapsulation efficiency. In this presentation, I will 
introduce our recent efforts to fabricate multifunctional polyelectrolyte 
microcapsules using nanoscale interfacial complexation in emulsions (NICE). 
In NICE, the complexation of two oppositely charged polyelectrolytes takes 
place at the interface between two immiscible liquid phases. We use emulsion 
droplets as templates to induce one-step generation of microcapsules made 
of polyelectrolytes and nanoparticles. I will show that either oil/water interface 
or water/water interface can be used for the production of polyelectrolyte 
microcapsules. Interestingly, there is a subtle difference between 
complexation of two oppositely charged polyelectrolytes at the oil/water and 
water/water interfaces, which must be taken into consideration for robust 
formation of polyelectrolyte microcapsules. Encapsulation of living cells, 
controlled release of molecules as well as mimicking the basic cellular 
functions in NICE microcapsules will be discussed. I will also discuss the 
potential of enabling scalable manufacturing of polyelectrolyte microcapsules 
via NICE. 

COLL 476 

Self-assembled structures using DNA-coated colloids and depletion 

David Pine, pine@nyu.edu. New York Univ, New York, New York, United 
States 

We report a number of new self-assembled structures using DNA-coated 
colloidal particles. These include new colloidal crystals with different 
sublattices as well as structures assembled from patchy particles. In each 
case the DNA-mediated interactions are supplemented with depletion 
interactions, which are used in concert, to achieve a variety of structures, 
many of which haven't been observed previously. 

COLL 477 

Studies of catalyst surfaces under near-ambient pressure conditions 

Georg Held1,2, g.held@reading.ac.uk. (1) Chemistry, University of Reading, 
Reading, United Kingdom (2) Diamond Light Source, Didcot, United Kingdom 



The last decade has seen a vast increase in studies using XPS under near-
ambient pressure conditions due to advances in the design of differentially 
pumped electron analysers. Both synchrotron and laboratory-based 
instruments can now routinely measure XP spectra in the mbar range. 
The first part of the talk will discuss problems and key design features specific 
to the study of heterogeneous catalysts (model and industrial). The second 
part will report results of recent studies on model catalysts for hydrogenation 
and oxidation reactions. Amongst other examples, I will discuss the influence 
of reactants and solvents on modifier molecules used in enantioselective 
heterogeneous catalysis and the influence of the catalyst’s oxidation state on 
the selectivity in the oxidation of methane. These experiments show 
remarkable differences, both between near-ambient-pressure and UHV and 
between nanoparticles and single/poly crystals. 

COLL 478 

In-operando study of CO oxidation on Pt/TiO2 nanoparticles to 
investigate the reaction mechanism: A step towards closing the 
pressure and materials gap 

Randima Galhenage1, rgalhena@uci.edu, Jared Bruce2, Djawhar Ferrah3, 
Adrian Hunt4, Iradwikanari Waluyo4, John C. Hemminger1. (1) University of 
California, Irvine, Irvine, California, United States (4) National Synchrotron 
Light Source II, Brookhaven National Laboratory, Upton, New York, United 
States 

Platinum supported on oxides, such as TiO2, are widely studied catalysts to 
drive oxidation reactions. Even though there are fundamental studies that 
have been done on single crystal Pt and TiO2 to understand the reactivity and 
the mechanism, there lies a sizable knowledge gap due to the complexity of 
the real catalytic systems compared to the single crystal studies. We studied 
CO oxidation on a unique model system where Pt nanoparticles (NPs) is 
deposited on TiO2 NPs which are supported on an inert HOPG surface. Our 
studies takes the complexity of the material one step forward. In-operando 
Ambient Pressure X-ray photoelectron spectroscopy (AP-XPS) was used to 
study the oxidation states of Pt, Ti, and O during the reaction to understand 
the role of different oxidation states of the elements on the reaction 
mechanism. Ex-situ prepared model catalyst which mostly contain a mixture 
of Pt(4) and Pt(2) were first heated to obtain a mixture of Pt(0) and Pt(2). 
During the reaction, the TiO2 remains stoichiometric with no indication of any 
change in the oxidation state. At 400 K, CO is adsorbed on Pt resulting in a 
decrease of the Pt(2)/Pt(0) ratio. O1s spectra shows the formation of Pt-O 



bond at 450 K. A rapid decrease of O1s (Pt-O) and a decrease of Pt(2)/Pt(0) 
ratio were observed simultaneous with CO2production at 500 K. In conclusion, 
we were able to study CO oxidation on a more complex model system of 
Pt/TiO2 and follow the reaction mechanism. CO first adsorbed on Pt and 
reacts with the oxygen that are dissociated on Pt sites which agrees with the 
existing Langmuir–Hinshelwood (LH) mechanism. Furthermore, we found out 
that CO get adsorbed on Pt(2) rather than on Pt(0) when there is a mixture of 
Pt(2) and Pt(0). 

COLL 479 

Application of ambient pressure x-ray photoelectron spectroscopy to 
studies of catalytic materials 

Franklin (Feng) Tao, franklin.feng.tao@ku.edu. Department of Chemical and 
Petroleum Engineering and Department of Chemistry, University of Kansas, 
Lawrence, Kansas, United States 

Catalysis is crucial for efficient chemical and energy transformations. 
Understanding catalysis at a molecular or even an atomic scale is the key 
step for designing a catalyst with high activity and selectivity. In situ/operando 
studies of a catalyst under a reaction condition and during catalysis allow for 
establishing a correlation between observed catalytic performance and its 
corresponding authentic surface of the catalyst during catalysis. Advances in 
tracking surface of catalysts with electron-based surface analytical techniques 
under a working condition or a semi-working condition was made. Ambient 
pressure X-ray photoelectron spectroscopy allows for tracking surface of a 
catalyst at high temperature in a gas phase with certain pressure and even a 
liquid phase. It has been used in examining surface of thermal catalysis and 
electrocatalysis in the last decade. I will describe instrumentation of lab-based 
AP-XPS and application of AP-XPS to study catalyst surfaces in gas phase of 
one reactant or mixture of all reactants of a catalytic reaction. Instrumentation 
of reaction cell design for simulating the fixed-bed flow reactor will be 
described. Data analysis and interpretation in terms of the difference between 
vacuum XPS and AP-XPS will be discussed. The applications of AP-XPS to 
catalysis can be categorized into in situ/operando of model catalysts, metal 
nanoparticle catalysts, and oxide nanoparticle catalysts. I will exemplify the 
applications of lab-based AP-XPS to studies of different types of catalysts 
under reaction conditions and during catalysis. In addition, I will discuss the 
existing challenges in applying this near-ambient pressure surface analytical 
technique to studies of catalysts under working conditions. 



COLL 480 

Bridging the pressure and materials gaps: Methanol oxidation on La1-

xSrxMnO3 thin-films and powders 

David R. Mullins3, mullinsdr@ornl.gov, Yafen Zhang1, Michelle Kidder2, 
Steven H. Overbury4. (1) Oak Ridge National Lab, Knoxville, Tennessee, 
United States (2) MS 6197 4500N, C2, Oak Ridge National Lab, Oak Ridge, 
Tennessee, United States (3) MS 6201, Oak Ridge National Lab, Oak Ridge, 
Tennessee, United States (4) Bldg 4100 MS 6201, Oak Ridge Natl Lab, Oak 
Ridge, Tennessee, United States 

Surface science has contributed fundamental insights into heterogeneous 
catalysis by studying reactions on model, single crystal surfaces under ultra-
high vacuum (UHV) conditions. While these studies have provided precise 
mechanistic understanding their application to processes under “real world” 
conditions has been hampered by two so-called “gaps”. The “pressure gap” 
refers to the pressure differential that occurs between studies conducted 
under UHV conditions and reactions conducted at atmospheric pressure. This 
difference can affect reaction mechanisms, kinetics or result in a 
reconstruction of the catalytic surface. The “materials gap” refers to the 
differences between precisely characterized, low-surface area materials used 
in UHV studies to isolate specific structural or compositional catalytic functions 
and high-surface area powdered catalysts which may have complex surface 
structures, defects and surface compositions. We are addressing these “gaps” 
by conducting parallel experiments on flat, highly crystalline LaXSr1-

XMnO3(100) thin films, and on the same materials synthesized by sol-gel 
techniques as moderate-surface area powders. The materials’ structures are 
characterized by TEM, XRD, AFM, ion scattering and depth profiling XPS. A 
direct comparison of the oxidation of methanol, as a function of temperature 
and O2 : CH3OH ratio, was conducted at nominally 0.1 Torr using ambient 
pressure XPS (APXPS). The similarities and differences observed in the 
reactions on these various surfaces will be presented. 

COLL 481 

Interface chemistry of H2O on pure and Ni-modified CoOOH nanowires 
probed by ambient-pressure x-ray photoelectron spectroscopy 

Zhu Chen2, Coleman X. Kronawitter3, Iradwikanari Waluyo1, Bruce E. Koel2, 
bkoel@princeton.edu. (1) National Synchrotron Light Source II, Brookhaven 
National Laboratory, Upton, New York, United States (2) Dept. of Chemical 



and Bio. Engineering, Princeton University, Princeton, New Jersey, United 
States (3) Department of Chemical Engineering, University of California, 
Davis, Davis, California, United States 

Water chemistry at pure and Ni-modified cobalt oxyhydroxide (CoOOH, Ni-
CoOOH) nanowires was investigated using ambient-pressure photoelectron 
spectroscopy (APPES) under different water vapor pressures and 
temperatures. This study was motivated by the large number of theoretical 
calculations and empirical results on transition metal (oxy)hydroxide materials 
demonstrating excellent activity for the oxygen evolution reaction (OER). The 
promoting effect of Ni for the OER activity of CoOOH was previously 
explained in terms of improved stability of a surface reaction intermediate by 
DFT calculations and impedance analysis of electrochemical data. However, 
no direct evidence was available to correlate the stability of surface bound 
species such as adsorbed hydroxyl groups (OHads) with the presence of Ni. 
Using APPES, the dissociation of H2O on CoOOH and Ni-CoOOH, and the 
thermal stability of surface species, were monitored for the first time on this 
important class of OER catalysts. With an increase in the H2O pressure, 
dissociation of H2O on both catalysts was observed, characterized by the 
increase in the OHads (Co-OH, or Ni-OH) and lattice OH (Olattice-H) 
components in the O 1s core-level spectra. Interestingly, the onset of surface 
hydroxylation for Ni-CoOOH occurred at lower H2O vapor pressure compared 
to the condition required for hydroxylation on CoOOH. Isobaric experiments 
performed at 1 torr H2O vapor pressure revealed that a significant fraction of 
OHads and Olattice-H groups were lost at 220 °C and the complete 
transformation of CoOOH to Co3O4 occurred by 320 °C. In stark contrast, 
OHads on Ni-CoOOH exhibited much greater stability and a substantial fraction 
still remained on the nanowire surfaces at 220 °C. Furthermore, divalent Co 
ions (Co2+) were the dominant species upon heating Ni-CoOOH to 320 °C, 
which can be contrasted with Co3O4, and suggests the formation of a CoO-like 
structure. 

COLL 482 

Surface chemistry and catalysis confined under two-dimensional (2D) 
materials 

Qiang Fu, qfu@dicp.ac.cn. Dalian Institute of Chemical Physics, CAS, Dalian, 
China 

Two-dimensional (2D) materials are characteristic for their weak interaction 
between layers. Interfaces between the neighboring 2D layers or between 2D 



overlayers and substrate surfaces can provide nanospaces for chemical 
processes, which arouse a new area of chemistry under 2D covers. We 
demonstrate that many elements and molecules can intercalate atomically 
thin 2D atomic crystals supported on solid surfaces and, moreover, chemical 
processes such as catalytic reactions and energy storage can occur 
underneath the 2D covers. The reactions under the 2D covers can be well 
visualized by in-situ AP-XPS and PEEM/LEEM. 

COLL 483 

In silico modeling of nanodrug: Molecular insight of metallofullerenol 
Gd@C82(OH)22 in cancer anti-metastasis 

Seung-Gu Kang, sgkang@us.ibm.com. Computational Biology Center, IBM 
T.J. Watson Research Center, Yorktown Heights, New York, United States 

Nanoscience provides unprecedented possibilities in tackling incurable 
diseases like cancer. Merited in a wide variety of chemical flexibility and 
functional modularity, nanomaterials showed clinical potentials as novel 
diagnostic and therapeutic tools for cancer therapy. Even with the tremendous 
opportunities as for the next generation medicines, however, pharmacological 
mechanisms at a molecular level remains largely unresolved. Recently, 
metallofullerenol Gd@C82(OH)22 was shown to have considerable anti-tumoral 
efficacy in various cancer models (i.e., breast, liver, and pancreatic) 
genografted in mice. In experiments, Gd@C82(OH)22 targeted proteins 
relevant to cancer migration. Specifically, Gd@C82(OH)22 directly inhibited 
matrix metalloproteinases (i.e., MMP-2/9), elemental enzymes for 
angiogenesis and metastasis in cancer media, besides down-regulation of 
their mRNA and protein expressions. Furthermore, Gd@C82(OH)22 also 
inhibited protein association between histone deacetylase-1 (HDAC1) and 
metastasis-associated protein 1 (MTA1), as remotely down-regulating MMP 
expressions. We, then, applied large-scale molecular dynamics simulations in 
order to understand the protein-nanoparticle interactions in atomistic details. 
Our simulation reveals that Gd@C82(OH)22 can inhibit MMPs allosterically at 
the ligand-specificity S1’ loop rather than directly blocking the active site, but 
with different affinities between MMP2 and MMP9, as proposing distinctive 
inhibitory mechanisms in contrast to small molecular organic drugs. With 
HDAC1, Gd@C82(OH)22 effectively blocks sub-domains important to MTA1 
association, consistently with experiments. Our results demonstrate how 
nanoparticles can function as a potential “nanodrug”, and also provides an 
intuition on how they are different from the conventional ones. 



 

COLL 484 

Dextran coated iron oxide nanoparticle: Biomimetic catalysts and anti-
biofilm agents 

Pratap C. Naha2, pratapnaha@gmail.com, Yuan Liu1, Sarah Gubara3, Geelsu 
Hwang1, Dongyeop Kim1, Venkata Jonnakuti2, Lizeng Gao1, Hyun Koo1, David 
Cormode2,3. (1) School of Dental Medicine, University of Pennsylvania, 
Philadelphia, Pennsylvania, United States (2) Radiology, University of 
Pennsylvania, Philadelphia, Pennsylvania, United States (3) Department of 
Bioengineering, University of Pennsylvania, Philadelphia, Pennsylvania, 
United States 

Biofilm related dental caries is a significant threat to public health. Bacteria 
form adherent biofilms on tooth surfaces, creating an acidic environment that 
demineralizes enamel-apatite and leads to dental caries. Currently, no 
effective anti-biofilm treatment exists, because many drugs fail to penetrate 
into biofilm architecture and kill bacteria. In this study, we present dextran 
coated iron oxide nanoparticles (Dex-IONP) that are capable of penetrating 
biofilms and, in the presence of H2O2, Dex-IONP catalyzes the generation of 
free radicals. These free radicals efficiently destroy biofilm architecture and kill 
bacteria. 
 
Various Dex-IONP formulations (A) were synthesized via co-precipitation of 
ferrous chloride and ferric chloride using ammonium hydroxide. A range of 



Dex-IONPs were synthesized using dextran with different molecular weights 
(from 1.5 kDa to 40 kDa). Dex-IONPs were characterized using various 
analytical tools. Their catalytic activities were quantified via a colorimetric 
assay. Cytotoxicity was tested with primary oral epithelial and BJ5ta cells. The 
bacteria killing efficiency of Dex-IONP in biofilm was also investigated. 
 
The hydrodynamic diameter of Dex-IONP was found to be around 35 nm for 
all formulations, with the core size around 10 nm by TEM analysis (B). All 
formulations have greater catalytic activity in acidic pH (4.5) compared to 5.5 
and 6.5 (C), while T 10 shows the highest catalytic activity among all these 
formulations. No cytotoxicity was observed in either cell line when incubated 
with Dex-IONP (D). Similar bacterial killing effect of S. mutans biofilm was 
observed with T 1.5, T 5 and T 10 formulations (E). However, T 10 showed 
significantly higher reduction of biomass and higher biofilm uptake compared 
to T 1.5 and T 5. In this presentation, we will discuss the synthesis, 
characterization, catalytic activity, catalysis mechanism, bacterial killing 
efficiency and in vivo efficacy of the Dex-IONP. 

 
 



 

COLL 485 

Non-crosslinking aggregation of DNA-modified gold nanoparticles for 
gene diagnosis and directed assembly 

Guoqing Wang1, gqwangcn@hotmail.com, Yoshitsugu Akiyama1,2, Naoki 
Kanayama3, Tohru Takarada1, Mizuo Maeda1. (1) RIKEN, Wako-shi, Japan 
(2) Tokyo University of Science, Oshamambe, Japan (3) Shinshu University, 
Nagano, Japan 

Double-stranded DNA (dsDNA)-modified gold nanoparticles readily undergo 
rapid aggregation at high ionic strength in a non-crosslinking manner, 
irrespective of the size and shape (e.g., sphere, rod, and triangle) of the 
nanoparticle core. This process is accompanied with a distinct color change of 
the dispersion. In contrast, the particles remain dispersed when the outmost 



DNA base pairs are mismatched. This distinct colloidal phenomenon provides 
a colorimetric approach for discrimination of single-nucleotide polymorphism 
(SNP), which has been demonstrated in real sample gene diagnostics (Figure 
1). Furthermore, by region-selectively arranging single-base 
pairing/mismatching at the outmost surface of the DNA layer, anisotropic 
nanoparticles (e.g., nanorods and nanotriangles) spontaneously evolve into 
orientation-controlled assemblies, allowing for applications in fields ranging 
from diagnostics to nanodevices (Figure 2). 

 
 
Figure 1. Workflow of the colorimetric genotyping using a gene model containing 
guanine (G) at the target single-nucleotide polymorphism (SNP) site. For example, 
dsDNA-gold nanorods are used as the probe. 



 
Figure 2. Side-by-side and end-to-end assembly of gold nanorods by spatially 
controlled single DNA base pairing/mismatching. 

COLL 486 

Surface chemistry dictates the internalization and cytotoxicity of 
carbonic anhydrase inhibitor functionalized gold nanoparticles targeting 
hypoxic tumors 

Ahmed Shabana2, tuf15203@temple.edu, Md R. Alam2, Taylor Spoon1, Utpal 
Mondal3, Codee A. Ross1, Marc A. Ilies2. (1) Temple University, Philadelphia, 
Pennsylvania, United States (2) Pharmaceutical Sciences, Temple University, 
Philadelphia, Pennsylvania, United States 

Gold nanoparticles (Au NPs) are considered to be a powerful platform 
technology in nanotechnology and cancer therapy. Au NPs have been utilized 
extensively in targeting different epitopes over-expressed in various tissues 
due to their unique physicochemical and optical properties, as well as their 
ease of synthesis, functionalization and biocompatibility. 
On the other hand, carbonic anhydrase IX (CA IX) is a membrane-bound 
protein that is overexpressed under hypoxic conditions on the surface of 
cancer cells, allowing them to maintain normal intracellular pH while acidifying 
the extracellular space around the tumor and to increasing tumor 
invasiveness. 
We will present our recent results towards the development of gold 
nanoparticles functionalized with carbonic anhydrase inhibitors. We will 
present the synthesis, functionalization and biological testing of Au 
nanoparticles decorated with different carbonic anhydrase inhibitors and will 



reveal their ability to target and kill hypoxic tumors overexpressing CA IX. 
Correlations will be made between ligand type, density and the colloidal 
stability, internalization ability, and tumor killing. 

COLL 487 

Spatiotemporal modulation of doxorubicin toxicity via delivery as a 
nanoparticle-bioconjugate complex 

Ajmeeta Sangtani1,10, asangtan@umd.edu, Eleonora Petryayeva5, Miao Wu8, 
Kimihiro Susumu4, Eunkeu Oh9, Alan Huston7, Guillermo Lasarte-Aragonés1, 
Igor Medintz3, Walter R. Algar6, James Delehanty2. (1) U.S. Naval Research 
Laboratory, Hyattsville, Maryland, United States (2) US Naval Research Lab, 
Washington, District of Columbia, United States (3) US Naval Research 
Laboratory, Washington, District of Columbia, United States (4) Optical 
Sciences, US Naval Research Laboratory, Alexandria, Virginia, United States 
(5) Chem Dept, Univ British Columbia, Vancouver, British Columbia, Canada 
(6) Chemistry, University of British Columbia, Vancouver, British Columbia, 
Canada (7) Naval Research Laboratory, Washington, District of Columbia, 
United States (8) University of British Columbia, Vancouver, British Columbia, 
Canada (9) U.S. Naval Research Laboratory, Washington, District of 
Columbia, United States (10) University of Maryland, College Park, Maryland, 
United States 

Nanoparticle (NP)-mediated drug delivery offers many potential benefits over 
the traditional systemic delivery of therapeutic drug compounds including the 
ability to specifically target and control the release of the NP-associated drug 
cargo. Doxorubicin (DOX) is a widely used FDA-approved cancer therapeutic 
that has been shown to be effective for the treatment of a variety of cancers. 
However, one of the many side effects of systemic administration of DOX is 
cardiac toxicity, which limits the utility of this otherwise very potent anti-cancer 
drug. Thus, there is wide interest in understanding to what extent DOX toxicity 
can be modulated once delivered to cells. Here, we utilize a quantum dot (QD) 
as a central scaffold to conjugate DOX via three different peptidyl linkages 
(ester, disulfide, hydrazone) that are responsive to enzymatic cleavage, 
reducing conditions and low pH, respectively. The QD-[peptide-DOX] complex 
is endocytosed into cells by appending a cell penetrating peptide (CPP) 
containing a highly positive polyarginine sequence which facilitates uptake of 
the complex. Polyhistidine-driven metal affinity coordination will be used to 
self-assemble both peptides to the QD surface. This allows fine control over 
the ratio of peptides attached to the QD in the ensemble. Importantly, this 
allows for the fine control over the dosage of DOX delivered to cells by simply 



varying the number of copies of peptide-DOX assembled onto the QD surface. 
Gel electrophoresis, dynamic light scattering studies and microplate-based 
Förster resonance energy transfer assays confirmed the successful 
ratiometric assembly of the conjugates. Cell delivery experiments were 
performed to track the residence of the QD-[peptide-DOX]-CPP complexes in 
the endocytic pathway and distinct differences amongst the various peptide-
DOX conjugates are noted. Cytotoxicity assays confirm the augmented cell 
killing of the QD-[peptide-DOX]-CPP conjugate when the DOX is 
attached via an ester linkage compared to a control peptide where the DOX is 
attached through an amide bond. Attachment of the DOX through hydrazone 
and disulfide linkages show intermediary cytotoxicity. Here, we discuss the 
results in the context of the role played by various attachment chemistries 
used in QD-peptide-drug assemblies and their implications for the rationale in 
design of nanoparticle-based constructs for drug delivery. 

COLL 488 

Interaction of gold nanorods with genomic DNA 

Jessica A. Kretzmann1, jessica.kretzmann@research.uwa.edu.au, Diwei 
Ho1,6, Priyanka Toshniwal1, Cameron W. Evans1, Marck Norret1, Michelle 
Nguyen 5, Jean-Pierre Veder3, Haibo Jiang4, Alaa Munshi1, Amanda J. 
Blythe1, Martin Saunders4, Michael Archer5, Melinda Fitzgerald5, Jeffrey A. 
Keelan6, Charles S. Bond1, Laurence H. Hurley2, Matt R. Kilburn4, Nicole M. 
Smith1,5, K. Swaminathan Iyer1. (1) School of Molecular Sciences, The 
University of Western Australia, Perth, Western Australia, Australia (2) 
College of Pharmacy, University of Arizona, Tucson, Arizona, United States 
(3) John de Laeter Centre, Curtin University, Perth, Western Australia, 
Australia (4) Centre for Microscopy, Characterisation and Analysis, The 
University of Western Australia, Perth, Western Australia, Australia (5) School 
of Animal Biology, The University of Western Australia, Perth, Western 
Australia, Australia (6) School of Women's and Infants' Health, The University 
of Western Australia, Perth, Western Australia, Australia 

Gold nanorods (GNRs) are one of the most widely explored and well 
documented inorganic materials in nanomedicine, with applications in 
diagnostics, therapeutics and sensing. One of the reasons for such wide-
spread use of GNRs is that they have repeatedly been reported as inert and 
non-cytotoxic. However, it has also been documented that exposure to GNRs 
can result in alterations in gene regulation, although the mechanisms remain 
unknown. Gene expression profiles are highly dependent on complex 
interactions between DNA-binding proteins and genomic sequences. In 



addition to sequence-specific interactions, sequence dependent structural 
dynamics of DNA also play a significant role in DNA-protein interactions. The 
stability of sequence-dependent dynamic secondary structures of DNA, such 
as G-quadruplex DNA, is highly influenced by the immediate 
microenvironment of surrounding regions. 
With a focus on conformational dynamics of secondary structures in genomic 
DNA we evaluate the potential of popular gold-thiol chemistry, used to 
engineer gold nanomaterials for intracellular applications, to alter the 
microenvironment within the nucleus. Our results confirm that GNR exposure 
is associated with an overall alteration in the conformational dynamics of 
genomic DNA, which can potentially play an important role in dictating 
changes in gene expression. We conclude that in order to develop 
translatable technologies using gold nanomaterials, it is essential to go 
beyond coarse cytotoxicity evaluations and conduct detailed in situ analysis of 
changes within the genomic environment. 

COLL 489 

Tracking photon-induced electron transfers in nanoparticle systems 
using ultrafast x-ray absorption spectroscopy 

Xiaoyi Zhang1, xyzhang@aps.anl.gov, Cunming Liu1, Kaibo Zheng2, Asra 
Hassan3, Preston T. Snee3, Jier Huang4, Sophie Canton5. (1) X-ray Science 
Division, Argonne National Laboratory, Argonne, Illinois, United States (2) 
Department of Chemical Physics and Nanolund, Lund University, Lund, 
Sweden (3) Chemistry, University of Illinois at Chicago, Chicago, Illinois, 
United States (4) Marquette University, Milwaukee, Wisconsin, United States 
(5) Deutsches Elektronen-Synchrotron, Hamburg, Germany 

Photo-driven electron-transfer plays important roles in solar energy 
conversion processes. Tracking the photo-induced electronic and structural 
changes during those processes is essential in understanding the 
fundamental reaction mechanism, therefore, realizing the rational designs of 
solar device. Time-resolved X-ray absorption spectroscopy (TR-XAS) uses 
pulsed laser as excitation source, interrogates with stroboscopic X-ray pulse 
snapshots. It is a powerful tool to directly visualize electronic and structure 
correlation during solar energy conversion. 
TR-XAS has been applied to study the ultrafast structural dynamics of a series 
of emergent photoactive materials. Four examples will be presented, 
representing the application in different research fields: (1) The excited state 
and charge separated dynamics of a Zeolitic imidazolate framework (ZIF) 
material, ZiF-67, toward the photocatalytic application; (2) Interfacial electron 



injection from Os(II)(dcbpy)2(CN)2 to TiO2 semiconductor nanocrystals, 
mimicking the electron injection process in dye-sensitized solar cells; (3) The 
fate of photoexcited charge carriers in lead-free perovskite nanocrystals for 
excitonic solar cells; (4) Interplay between the charge carrier and the bonding 
of semiconductor dopants in Cu-doped CdSe nanoparticles. 
These works have demonstrated the great potential of time-resolved X-ray 
spectroscopy to study fundamental structural-functional correlations in solar 
electricity and fuel generation. 

COLL 490 

Mapping carrier dynamics on semiconductor material surfaces and at 
interfaces using laser spectroscopy and 4D electron microscopy 

Omar F. Mohammed, omar.abdelsaboor@kaust.edu.sa. Chemistry, KAUST, 
Thuwal, Saudi Arabia 

The ability to access carrier dynamics selectively on material surfaces with 
high spatial and temporal control in a photo-induced reaction is a particularly 
challenging task that can only be achieved by applying four-dimensional 
ultrafast electron microscopy (4D UEM). For this purpose, we established and 
developed the second generation of four-dimensional scanning ultrafast 
electron microscopy (4D S-UEM) at KAUST and demonstrate the ability to 
take time-resolved secondary electrons images (snapshots) of material 
surfaces with 650 fs and ~ 5 nm temporal and spatial resolutions, respectively. 
In this method, the surface of the photoactive materials is excited by a 
clocking optical pulse and the photo-induced changes will be imaged using a 
pulsed primary electron beam as a probe pulse, generating secondary 
electrons, which are emitted from the surface of the specimen in a manner 
that is sensitive to the local electron/hole density. This method provides direct 
and controllable dynamical information regarding surface dynamics. For 
instance, we clearly demonstrate how the surface morphology, grains, defects 
and nanostructured features can significantly impact the overall dynamical 
processes on the surface of photoactive-materials. Moreover, we show that 
the energy loss and carrier spreading on the surfaces of InGaN nanowires can 
be achieved now in real space.. In another interesting work describes a 
breakthrough in mapping charge carrier dynamics on the surface of 
quaternary copper indium gallium selenide (CIGSe) nanocrystals (commonly 
used in solar and optoelectronic devices) using S-UEM. The time-resolved 
images provided by S-UEM clearly demonstrate how surface treatment with 
high band gap materials such as ZnS can control the overall carrier relaxation 
process on the surfaces of these materials. More specifically, SE images at 



different time delays of treated nanocrystal surfaces clearly indicate that the 
carrier dynamics is slowed down by at least factor of two, indicating that the 
density of the trap states is significantly reduced after surface treatment with 
ZnS inorganic layer. 

COLL 491 

Excitation wavelength dependent multiphoton emission of single 
semiconductor nanocrystal near gold nanoparticles 

Jing Zhao, jing.zhao@uconn.edu. Chemistry, Univerisity of Connecticut, 
Storrs Mansfield, Connecticut, United States 

Semiconductor nanocrystals are promising materials for light emitting devices 
and biological imaging probes because of their high fluorescent quantum 
yield. However, multiphoton emission efficiency of single semiconductor 
nanocrystals is often low, due to fast non-radiative recombination of 
multiexcitons. Multiexciton emission of single semiconductor nanocrystals can 
be enhanced when they located in close proximity to gold nanoparticles. 
When excited by light, gold nanoparticles can concentrate light in a small 
volume next to the gold nanoparticles, due to the excitation of localized 
surface plasmon. The enhanced field can increase the excitation rate of the 
semiconductor nanocrystals. Meanwhile, the radiative and non-radiative rates 
of multiexciton are both increased according to electrodynamics simulation, 
leading to enhanced multiexciton emission intensity. Moreover, we find the 
extent of the enhancement of multiexciton emission intensity is dependent on 
the wavelength of the excitation source. This dependence is mainly resulted 
from wavelength-dependent excitation rate of multiexcitons in semiconductor 
nanocrystals near gold nanoparticles. The research shows that exciton-
plasmon interaction in semiconductor-metal nanostructures can be easily 
modulated by the excitation wavelength. 

COLL 492 

Single and multiexciton energy and electron transfer processes in 2D 
semiconductor structures 

Benjamin Diroll1, Clare E. Rowland4, Peijun Guo1, Igor Fedin5, Pierre 
Darancet1, Stephen K. Gray2, Alexander Govorov3, Dmitri Talapin5, Richard 
D. Schaller1,4, schaller@anl.gov. (1) 1Center for Nanoscale Materials, 
Argonne National Laboratory, Argoone, Illinois, United States (2) Center for 
Nanoscale Materials, Argonne National Laboratory, Lemont, Illinois, United 



States (3) Ohio Univ., Athens, Ohio, United States (4) Department of 
Chemistry, Northwestern University, Evanston, Illinois, United States (5) 
Department of Chemistry, University of Chicago, Chicago, Illinois, United 
States 

Colloidally prepared, two-dimensional semiconductor nanostructures offer 
advantages for numerous classes of application including energy capture and 
conversion, detection, and biolabeling. We perform an array of photophysical 
characterizations of these systems to obtain the thorough understanding of 
fundamental desired and undesired processes of exciton and charge transport 
in addition to multiexcitonic behaviors of relevance to gain and lasing. 
Presented studies using time-resolved optical methods such as absorption 
and emission as functions of sample temperature and photon energy suggest 
especially rapid energy transfer, charge transfer rates that offer suggestions 
regarding spatial exciton distribution in plane, and outstanding optical 
performance for laser action. 

COLL 493 

Coupled optical and electrochemical measurements for studying 
nanostructured materials 

Katherine A. Willets, kwillets@temple.edu. Chemistry, Temple University, 
Philadelphia, Pennsylvania, United States 

Understanding the role that light plays in enhancing electrochemical reactions 
on nanostructured materials is a critical scientific problem, with broad 
implications in photocatalysis and photovoltaics. This talk will describe efforts 
to use optical microscopy techniques, such as fluorescence or surface-
enhanced Raman scattering, as well as electrochemical approaches, such as 
scanning electrochemical microscopy, to probe light-assisted electrochemical 
processes on nanostructured materials with nanoscale spatial resolution. 

COLL 494 

Imaging the photochemical reactions of single nanoparticles with 
surface plasmon resonance microscopy 

Wei Wang, wei.wang@nju.edu.cn. Nanjing University, Nanjing, China 

Surface plasmon resonance imaging (SPRi) was a well-established technique 
for studying binding kinetics and affinity between biomolecules. Due to the 



limited spatial resolution, SPRi was mostly compatible with microarrays and 
biochips. We have been developing an advanced SPR microscopy (SPRM) 
with a greatly improved spatial resolution of optical diffraction limit, so that one 
can obtain the SPRM image of single objects from single bacterium to single 
nanoparticles. The SPRM contrast of single nanoparticles depends on the 
size, the refractive index of the nanoparticles, as well as the distance between 
the nanoparticles and the substrate. Compared with other single nanoparticles 
imaging methods, such as fluorescent microscopy, the plasmonic imaging of 
single nanoparticles is based on the refractive index change, which can be 
used to image almost all kinds of the nanoparticles, including polymer, 
semiconductor, metal nanoparticles and so on without labelling. This label-
free technology allows us to do many exciting explorations of its application in 
nanoscience, e.g. nanocatalysis, nanoelectrochemistry and nanosensing etc. 
We have recently adopted this SPRM technique to investigate the 
photochemical processes occurring on single semiconductor nanoparticles, 
such as the photocatalyzed hydrogen generation and the bi-directional 
electron transfer crossing a semiconductor-metal interface. 

COLL 495 

Key insights into carbon dioxide photoreduction from single-
nanoparticle catalysis studies 

Prashant K. Jain, jain@illinois.edu. Chemistry, UIUC, Urbana, Illinois, United 
States 

The design of efficacious, selective heterogeneous catalysts relies on the 
knowledge of the nature of active sites and reactive intermediates involved in 
the catalytic transformation. This is also true in the case of carbon dioxide 
reduction, an important scientific and technological problem. With the goal of 
furthering mechanistic understanding of a complex transformation that yields 
multiple products, we are employing surface enhanced Raman scattering 
(SERS) to image carbon dioxide photoreduction on individual Ag 
nanoparticles within a heterogeneous dispersion. The lack of ensemble-
averaging is allowing us to detect fleeting intermediates in the adsorption and 
catalytic photoreduction processes. In particular, we have detected on some 
sites physisorbed CO2 and at others chemisorbed CO2

- anion radical, a critical 
intermediate in carbon dioxide reduction. The primary product formed also 
appears to vary from one catalytic nanoparticle to another: CO, formaldehyde, 
or formic acid. The origin of such heterogeneities in adsorption and 
photoreduction behavior are being traced to differences in nanoparticle 
structure or surface composition, from which structure/activity relationships 



will be established, with aid from electronic structure theory. This single-
nanoparticle approach is providing molecular-level insights into a broad range 
of industrially and environmentally relevant catalytic transformations. 

COLL 496 

Hybrid semiconductor-metal nanoparticles as photocatalysts 

Uri Banin, uri.banin@mail.huji.ac.il. Hebrew Univ of Jerusalem, Jerusalem, 
Israel 

Hybrid nanoparticles (HNPs) combine disparate materials onto a single 
nanosystem thus providing a powerful approach for bottom-up design of novel 
architectures. Beyond the fundamental development in synthesis, the interest 
in HNPs arises from their combined and often synergetic properties exceeding 
the functionality of the individual components. These ideas are well 
demonstrated in hybrid semiconductor-metal nanoparticles, which are the 
focus of this talk. The synergistic optical and chemical properties of hybrid 
nanoparticles resulting in light-induced charge separation and charge transfer, 
allow photocatalytic activity which can promote surface chemistry redox 
reactions, and open a pathway for converting solar energy to chemical energy 
stored in a fuel. An additional area of interest is in use of the HNPs for light-
induced generation of radicals and its application in biomedicine and in 
materials. 
We will report on the effects of the surface coating and the co-catalyst metal 
size on the photocatalytic function for hydrogen generation from water, of 
metal tipped semiconductor nanorods as a model hybrid nanoparticle system. 
Both tested parameters were found to influence the photocatalytic efficiency 
and charge transfer dynamics. The work combines advances in synthesis of 
well-controlled hybrid nanoparticles, hydrogen evolution efficiency 
measurements, steady state and time resolved emission measurements, as 
well as ultrafast transient absorption measurements to gain a complete view 
on the effects of these parameters on photocatalysis with metal tipped 
semiconductor nanorods. A model was devised to capture the essential 
effects of the size of the metal tip on the photoctalytic efficiency. The 
understanding of the effects of the hybrid nanosystems properties on the 
photocatalytic processes contribute to the rational design of hybrid 
nanostructures in photocatalytic applications. An additional aspect we will 
discuss concerns the use of the HNPs in generation of reactive hydrogen 
species and its application for light-controlled enzymatic activity and in 
additional areas where on-demand light-induced radicals formation is imprtant 
and potentially useful. 



COLL 497 

Colloidal semiconductor nanocrystal photocatalysts: Teaching an old 
dot new tricks 

Todd D. Krauss, krauss@chem.rochester.edu, Jill Caputo, Leah C. Frenette, 
Cunming Liu, Fen Qiu, Jeffrey J. Peterson, Kelly L. Sowers, Daniel J. 
Weix. Department of Chemistry, University of Rochester, Rochester, New 
York, United States 

Photochemical syntheses, such as the light-driven reduction of protons to 
H2 (i.e. artificial photosynthesis) that involve purely molecular systems 
typically suffer from short lifetimes because of decomposition of the light-
absorbing molecule, such as an organic dye, making these systems 
impractical. A complementary approach to entirely molecular systems would 
be to incorporate nanoscale based systems, such as semiconductor 
nanocrystals, into the photochemical process as the light-harvesting element. 
Nanocrystals offer several potential advantages for photocatalytic applications 
including durability, electronic states and redox potentials that are size 
tunable, and the ability to store and deliver multiple electrons. We will present 
studies of a robust and highly active system for solar hydrogen generation in 
water that uses CdSe nanocrystals capped with dihydrolipoic acid (DHLA) as 
the solar energy harvester and a soluble Ni2+-DHLA catalyst for proton 
reduction. Under appropriate conditions, the nanocrystal-based system has 
undiminished activity for at least 360 hours with about a million turnovers. 
Ultrafast optical spectroscopy studies of electron transfer from the 
nanoparticles to a Ni-catalyst reveals the optimal nanoparticle size and shape 
for photochemical proton reduction, which was confirmed with photocatalytic 
experiments. Finally, we will also present recent measurements of carbon-
carbon bond formation driven photochemically using CdSe nanocrystals (See 
Figure). A single-sized CdSe nanocrystal (3.0 ± 0.2 nm) can replace several 
different dye catalysts needed for five different photoredox reactions (β-
alkylation, β-aminoalkylation, dehalogenation, amine arylation, and 
decarboxylative radical formation). Even without optimization of the 
nanocrystals or the reaction conditions, efficiencies rivaling the best available 
metal dyes were obtained. The facile customization afforded by nanocrystals 
for photoredox catalysis suggests they could have important applications in 
future syntheses of novel pharmaceuticals. 

 



 
Reaction scheme for colloidal semiconductor nanocrystal photoredox catalysis. 

COLL 498 

Photoinduced charge transfer in chiral nanoparticle assemblies 

David H. Waldeck, dave@pitt.edu. Univ of Pittsburgh, Pittsburgh, 
Pennsylvania, United States 

We describe studies that explore how nanoparticle chirality can be used to 
filter electron spin and to direct charge flow in nanoparticle assemblies. We 
report order of magnitude effects ofchirality on electron-transfer rates between 
quantum dots in chiral quantum dot (QD) assemblies. Indeed, both the circular 
polarization of the light that excites the electron donor and the imprinted 
chirality of the acceptor QDs affect the dot-to-dot electron-transfer kinetics. 
Further we describe how the observed selectivity correlates with the strength 
of the acceptor QD circular dichroism spectrum, indicating that chiral 
imprinting of the dots may lie at the origin of the phenomenon. These studies 
point toward new approaches to develop nanoscale spintronic and 
optoelectronic devices. 

COLL 499 

Understanding and manipulating quantum dot photoluminescence 
lineshapes: Traps, defects and surface states 

Justin R. Caram3,2, justin.caram@gmail.com, Sophie N. Bertram2, Moungi G. 
Bawendi1. (1) MIT, Cambridge, Massachusetts, United States (2) Chemistry, 
MIT, Cambridge, Massachusetts, United States (3) Chemistry and 
Biochemistry, UCLA, Los Angeles, California, United States 



The ability to manipulate and confine excitons in colloidal QDs allows for their 
broad range of optoelectronic applications. Exciton properties are measured 
using ensemble photoluminescence (PL), for which the linewidth and quantum 
yield presents a rapid analytical tool for determining synthetic qualtiy. 
However, for this tool to work, we need to fully understand the intrinsic (or 
single copy) photophysics of a nanocrystal. In particular, in cases where the 
photoluminescence signatures are partially attributed to trap or defect states, 
ensemble PL linewidths no longer report on easily controllable synthetic 
parameters (e.g. size distribution). We present recent measurments of 
intrinsic nanocrystal linewidths of NIR and IR emitting PbS and CuInS2 QDs, 
measured using solution photon correlation Fourier spectroscopy (S-PCFS). 
S-PCFS results demonstrate the effect of heterogeneous traps and defects in 
governing single molecule linewidths, with broad implications to nanocrystal 
synthetic preparations and device photophysics. 

COLL 500 

Detailed balance efficiencies for luminescent solar concentrators with 
aligned semiconductor nanorods 

Matthew T. Sheldon, sheldonm@tamu.edu. Chemistry, Texas A&M 
University, College Station, Texas, United States 

The highest efficiency solar cells are also excellent optical emitters. Band 
edge luminescence results when no other loss mechanisms compete with 
power conversion, allowing an ideal maximum efficiency of 33.7%. 
Constraining the angular range of emitted light, in order to promote light 
trapping and photon recycling within the semiconductor, increases this 
maximum to 45.1%. By analogy, here we show how a strategy for integrating 
highly luminescent aligned semiconductor rod-shaped nanocrystals 
(nanorods) into luminescent solar concentrators (LSCs) can also improve light 
trapping in the design and similarly enhance performance in comparison with 
conventional LSCs. This efficiency improvement relies on an asymmetry in the 
angular dependence of emission versus absorption that can be provided by 
the stokes shift of the radiation remitted by the nanorod. Our analysis predicts 
efficiency increases even when non-radiative loss is comparable to current 
GaAs cells and nanorod optical performance is consistent with state-of-the-art 
synthetic preparations. 

  



COLL 501 

Exploiting exciton plasmon coupling to enhance optical transitions in 
colloidal quantum dots 

Kathleen Dipple, Andrew K. Tobias, Marcus Jones, 
marcus.jones@uncc.edu. Chemistry, University of North Carolina at Charlotte, 
Huntersville, North Carolina, United States 

Quantum dots (QDs) hold tremendous potential for low-cost processing and 
fabrication of light harvesting and other optoelectronic devices. In addition to 
their size-tunable electronic structure and high photo-stability, their ability to 
support multiple optical excitations is being explored as a strategy for 
developing more efficient solar cells, LEDs and single photon sources. As a 
way to enhance photo-emission and absorption in these materials we are 
studying the interactions between QD excitons and surface plasmon 
resonances in nanostructured metals. Gold and silver nanoparticles are able 
to collect and focus visible light over nanometer length scales by forming 
surface plasmon oscillations of electron density. These can couple with 
excitonic transitions and have been shown to increase QD photoemission and 
absorption rates; however, to minimize losses, the distance between metal 
and QD has to be carefully controlled. 
In this seminar I will outline our synthetic and spectroscopic studies of QD-
metal systems. We have developed two distinct QD-metal systems, each of 
which enable good control of metal-QD distances. Exciton recombination in 
these systems has been studied using single particle and ensemble 
fluorescence methods. And using CdSe QDs we have demonstrated an 
optimum distance for their interactions with gold nanocrystals. We are 
especially interested in the way that surface plasmon resonances are able to 
enhance the emission and absorption rates of multi-excited states in QDs. We 
have shown that plasmonic coupling enhances the radiative rates of trions 
and biexcitons so that fluorescence can compete with non-radiative Auger 
processes that typically dominate recombination from these states. I will 
discuss these data and show how multi-excited states can be generated in 
reasonably high yields in CdSe QDs. Finally we will discuss the implication of 
these data for future light harvesting technologies. 

 



 

COLL 502 

Distance- and dye-dependent quenching behavior of magnetic (nickel or 
iron oxide) core- gold shell nanoparticles 

Parth Nalin Vakil2, pnv12@my.fsu.edu, Geoffrey F. Strouse1. (1) Florida 
State University, Tallahassee, Florida, United States (2) Chemistry and 
Biochemistry, Florida State University, Tallahassee, Florida, United States 

Small (<20nm diameter) plasmonic nanoparticles, gold nanoparticles (AuNPs) 
in particular, have enabled the development of various biosensor technologies 
that function on the distance-dependent quenching of fluorescent signals by 
the nanoparticles. The ability to extent the application of these long-range 
molecular beacon systems into red and infrared wavelengths while still using 
a very small nanoparticle size can be achieved through a core-shell 
nanostructure with a magnetic material and gold shell. These systems show a 
much higher quenching behavior than pure gold nanoparticles of the same 
size, and being magnetic in nature allow for easier processing and enable 
multimodal functionality as well. Here we present the synthesis and 
characterization of these small core-shell particles and quenching studies on a 
number of fluorescent dyes. Such particle systems can be used to study the 
dynamics of biological structures inclu ding proteins and DNA without 
disturbing their native structures. 

  



COLL 503 

Mechanical vibrations of metal nanoparticles for sensing applications 
and fundamental fluid dynamics 

Matthew Pelton, mpelton@umbc.edu. Physics, University of Maryland 
Baltimore County, Baltimore, Maryland, United States 

Plasmonic metal nanoparticles have been widely investigated as a means of 
enabling sensitive chemical sensing, primarily using surface-enhanced 
Raman scattering or refractive-index-induced shifts in plasmon resonance 
frequencies. Mechanical vibrations of the nanoparticles offer another potential 
sensing mechanism: adsorption of molecules on the nanoparticle surfaces will 
reduce the vibration frequency, and the small mass of the nanoparticles 
means the fractional frequency change will be large. However, in order for a 
precise frequency measurement to be possible damping of the vibrations 
within the nanoparticles and by the surrounding media cannot be too strong. 
This is a particular concern in the liquid environments that are relevant for 
biomolecular sensing. 
 
Ultrafast laser spectroscopy enables sensitive measurement of the vibrations: 
an incident pump laser heats the nanoparticles, leading to their expansion and 
the excitation of mechanical vibrations. The vibrations produce oscillations in 
the plasmon resonance frequency of the nanoparticles, which are monitored 
by measuring the change in transmission through the sample of a second, 
probe laser pulse. By making such measurements on a highly monodisperse 
sample of bipyramidal gold nanoparticles, we were able to determine both the 
frequency and the decay rate of the vibrations. Measurements on 
nanoparticles in different solvents made it possible to determine the portion of 
damping and the vibrational frequency shift that are due to coupling to the 
surrounding liquid environment. In high-viscosity fluids, conventional viscous 
damping could not explain the observations, and it was necessary to take into 
account the viscoelastic response of the liquids. This occurs because the 
vibrational periods are comparable to the intrinsic molecular response times of 
the liquids. These measurements demonstrate the ability of vibrating metal 
nanoparticles to serve as a sensitive, high-frequency probe of their 
mechanical environment, and to reveal new phenomena on the nanoscale. 

COLL 504 

Engineering cell surfaces with synthetic polymers 



Harm A. Klok, harm-anton.klok@epfl.ch. STI-IMX-LP, EPFL, Lausanne, 
Switzerland 

Cells and other natural particulates such as bacteria and viruses provide 
attractive opportunities to develop innovative drug delivery systems. Red 
blood cells e.g. are uniquely designed to circulate in the bloodstream for 
extended periods of time. Immune cells, in particular lymphocytes from the 
adaptive immune system, are attractive as they potentially provide possibilities 
to home in to the disease site in a highly selective manner. These attributes 
make such cells very attractive as carrier system for the delivery of polymer 
nanomedicines. Successful cell-mediated delivery of polymer nanomedicines, 
however, requires chemistries that allow to conjugate the polymer 
nanomedicine to the cell surface under biological conditions and in high yields 
and without compromising cell viability and function. This presentation will 
discuss various efficient polymer cell surface modification strategies and 
compare these different approaches in terms of the possibilities they offer to 
modify cell surfaces as well as their impact on cell viability and function. It will 
be shown that under appropriate conditions live cells can be surface modified 
with synthetic polymers while retaining their viability and functional properties. 

COLL 505 

Click chemistry to enable bioinspired polymer nanofibers 

Jonathan K. Pokorski, jon.pokorski@case.edu. Case Western Reserve 
University, Cleveland, Ohio, United States 

Recently, there has been an explosion in biomaterials research, in which 
polymeric materials are firmly entrenched as the basic components of these 
functional materials. Such systems can include 3D-printed scaffolds, 
hydrogels, slow-release implants and nanofibers, amongst others. However, a 
significant hurdle is the ability to fabricate materials in high-throughput. This 
talk will describe a high-throughput extrusion-based system to generate 
polymer nanofibers that can be surface modified using a variety of cick 
chemistries. The process begins by using a coextrusion and multiplication 
method, to yield polymeric nanofibers at ~2 kg/hr. Once the fibrous mat is 
processed, the fibers can be modified either physically or chemically to dictate 
cellular responses. For instance, these fibers undergo strain stiffening, which 
can dictate cellular morphology. Furthermore, we have introduced simple 
photochemistry to spatially pattern fibrous scaffolds, directing progenitor cell 
differentiation and alignment. The presentation will describe the manufacturing 



process, post-processing physical manipulation of mechanical properties, and 
finally cell fate based on these properties. 

COLL 506 

Orthogonal click chemistry allows encapsulation of functional drugs in 
nanocapsules 

Katharina Landfester, landfest@mpip-mainz.mpg.de. Max-Planck Institut für 
Polymerforschung, Mainz, Germany 

The encapsulation of sensitive drugs into nanocarriers retaining their 
bioactivity and achieving selective release is a challenging topic in current 
drug delivery design. Established protocols rely on metal-catalyzed or 
unspecific reactions to build the (mostly synthetic) vehicles which may inhibit 
the drug’s function. 
For the formation of nanocapsules different click reactions as biorthogonal 
reactions of miniemulsion droplets have been successfully proved to be highly 
suitable for the encapsulation of functional drug molecules. 
Triggered by light, the mild tetrazole-ene cycloaddition enables us to prepare 
protein nanocarriers (PNCs) preserving at the same time the bioactivity of the 
sensitive antitumor and antiviral cargo Resiquimod (R848). This catalyst-free 
reaction was designed to take place at the interface of aqueous nanodroplets 
in miniemulsion to produce core-shell PNCs with more than 90% 
encapsulation efficiency. Albumins used herein are major constituents of 
blood and thus ideal biodegradable natural polymers for the production of 
such nanocarriers. These protein carriers were taken up by dendritic cells and 
the intracellular drug release by enzymatic degradation of the protein shell 
material was proven. 
Click reactions allow also a specific functionalization of the nanocarriers for 
further efficient targeting of cells. Together with the thorough colloidal analysis 
of the PNCs, their stability in human blood plasma and the detailed protein 
corona composition, these results underline the high potential of such 
naturally derived drug delivery vehicles. 

COLL 507 

Thiol-ene photo-addition as versatile tool for biomedical applications 

Ulrich S. Schubert, ulrich.schubert@uni-jena.de. Laboratory for Organic and 
Macromolecular Che, Friedrich-Schiller-University Jena, Jena, Germany 



During the last century, thiol-ene reactions attracted attention due to the wide 
range of commercially available thiols and alkenes. The highly efficient 
coupling reaction, often described in literature as “click” chemistry, is 
performed at a defined wavelength of 365 nm under mild conditions. Our 
group has focused on thiol-ene photo-addition as a versatile tool for the 
introduction of bioactive molecules (e.g. carbohydrates, peptides) to several 
polymer classes. Thiol-bearing sugars (e.g. glucose, galactose, mannose) and 
peptide moieties (glutathione) could be successfully installed on poly(2-
oxazoline)s, poly(allyl glycidyl ether) and poly(acrylamide)s. Besides the 
improvement of biocompatibility and solubility properties, the bioactive 
molecules form the basis to target particular applications. Thus, cationic 
polymers, which are known for their potential to transport genetic material, 
were modified with d-fructose allowing the targeting of human breast cancer 
cells besides the delivery of genetic material. Furthermore, we were able to 
transport plasmid DNA through the hCMEC/D3 endothelial cell layer 
mimicking the blood-brain barrier within microfluidically perfused biochips by 
the attachment of l-glutathione moieties. 

 
 



COLL 508 

Combined supramolecular and click chemistry approach towards the 
development of functional biomaterials 

Qian Wang, wang@chem.chem.sc.edu. University of South Carolina, 
Columbia, South Carolina, United States 

Supramolecular chemistry and click chemistry are usually orthogonal to each 
other. Here we demonstrate that different kinds of functional biomaterials can 
be readily synthesized using the combination of supramolecular chemistry and 
click chemistry. For example, a pyridine-grafted poly(ε-caprolactone) based 
polymer can be assembled with different proteins to form polymer-protein 
core-shell nanoparticles, which can trigger the host immune system 
responses and lead to an effective nanosized vaccine display platform. On the 
other hand, responsive supramolecular hydrogels have been prepared using 
biomacromolecules or fibrous bionanoparticles as the scaffolding materials. 
The resulting hydrogels showed sol-gel transition behaviours induced by 
either photo-irradiation, pH-control or competitive host or guest molecules. 
Such kind of hydrogel system could serve as matrices for cell culturing or drug 
carriers for controlled release applications. 

COLL 509 

Gel networks as confined microenvironments for photochemical 
reactions under mild conditions 

David Diaz-Diaz1,2, dddjournals@gmail.com. (1) Faculty of Chemistry and 
Pharmacy, University of Regensburg, Regensburg, Germany (2) IQAC-CSIC, 
Barcelona, Spain 

Through millions of years of evolution, nature has used confinement and 
compartmentalization to access otherwise slow or forbidden pathways and 
achieve high selectivity under mild conditions. This has inspired scientists all 
over the world to study the effects of reactant confinement in non-conventional 
media on their chemical properties and reactivity. The fields of photochemistry 
and photocatalysis, among others, have also capitalized on the benefits of 
spatial confinement, which are related to changes in key properties such as 
light absorption, formation of redox intermediates, lifetime of excited species, 
thermodynamics of reacting mixtures, kinetics of competitive steps and 
adsorption/desorption of chemical species. Within this context, the use of 
supramolecular gels as confined microenvironments for photophysical and 



photochemical processes has been recognized as an emerging research 
area. This field is presented by means of case studies and the respective 
benefits provided by the gel medium. Specifically, examples involving photo-
initiated oxidation of alcohols, reduction of aryl halides, chemoselective C-H 
arylation and trifluoromethylation reactions are presented. These preliminary 
results open the door for future work involving bond activation pathways that 
are inaccessible in solution under very mild conditions. 

 
 
Representative illustration of photon upconversion coupled to single electron transfer 
for the chemical transformation of a substrate inside a gel matrix 

COLL 510 

Quantitative particle-cell interaction: Some basic physicochemical 
pitfalls 

Wolfgang Parak1,3, wolfgang.parak@physik.uni-marburg.de, Neus 
Feliu1,2. (1) Universitaet Marburg, Marburg, Germany (2) Department of 
Laboratory Medicine (LABMED), Karolinska Institutet, Stockholm, Sweden (3) 
Universität Hamburg, Hamburg, Germany 



There are numerous reports about particle-cell interaction studies in literature. 
Many of those are performed in two-dimensional cell cultures. While the 
interpretation of such studies seems trivial at first sight, in fact for quantitative 
analysis some basic physical and physicochemical basis need to be 
considered. This starts with the dispersion of the particles, for which in fact 
gravity, Brownian motion, as well as inter-particle interactions need to be 
considered. The respective strength of these interactions determine whether 
the particles will sediment, are dispersed, or agglomerated. This in turn largely 
influences their interaction with cells. While in case of well dispersed particles 
only a fraction of them will come into contact with cells in two-dimensional 
culture, (agglomeration-induced) sedimentation drives the particles towards 
the cell surface, resulting in enhanced uptake. 

COLL 511 

Simultaneous detection and inhibition of Healthcare-Associated 
Infections (HAIs) by colloidal gold nanoclusters 

Niveen M. Khashab, niveen.khashab@kaust.edu.sa. KAUST, Thuwal, Saudi 
Arabia 

Healthcare-associated infections (HAIs) are infections that patients get while 
receiving medical treatment in a medical facility with bacterial HAIs being the 
most common. Silver and gold nanoparticles (NPs) have been successfully 
employed as antibacterial motifs however, NPs leaching in addition to poor 
dispersion and overall reproducibility are major hurdles to further product 
development. Herein, we designed and fabricated a smart antibacterial mixed-
membrane coating comprising colloidal lysozyme-templated gold nanoclusters 
as nano-fillers in poly(ethylene oxide)/poly(butylene terephthalate) (PEO–
PBT) amphiphilic polymer matrix. MSN-AuNCs@lys dispersed homogenously 
within the polymer matrix with no phase separation and zero NPs leaching. 
This mixed-matrix coating can successfully sense and inhibit bacterial 
contamination via a controlled release mechanism that is only triggered by 
bacteria. The system was coated on a common radiographic dental imaging 
device (PSP plate) that is prone to oral bacteria contamination. Variation and 
eventually disappearance of the red fluorescence surface under UV light 
signals bacterial infection. Kanamycin, an antimicrobial agent, was 
controllably released to instantly inhibit bacterial growth. Interestingly, the 
quality of the images obtained with these coated surfaces is the same as 
uncoated surfaces and thus the safe application of such smart coatings can 
be expanded to include other medical devices without compromising their 
utility. 



 

COLL 512 

Photo/magnetic stimulated nanocargos: Cancer theranostics for MR/CT-
imaging-guided magneto-chemotherapy 

Nanasaheb Thorat1,2, thoratnd@gmail.com, Syed A. Tofail2, Wolfgang 
Parak1. (1) Universitaet Marburg, Marburg, Germany (2) Bernal Institute, 
University of Limerick, Limerick, Ireland 

A careful and proper diagnosis of multidrug resistant cancerous tumor and the 
cure thereof are the dual targets of current cancer theranostics (simultaneous 
diagnosis and therapy). Early detection and, potentially concurrent, efficient 
treatment are the two challenges that must be overcome in the battle against 
cancer. Photonic therapy (PT), can treat tumors either through photothermal 
effect (PTE) using a photothermal agent (PTA) for selective localised heating, 
or through photo-dynamic therapy (PDT) using photosensitizers (PS) for a 
series of photochemical reactions. Many plasmonic nanoparticles can serve 
both as PTA and PS for stimulation in the visible (VIS) and infra-red (IR) 
region of the optical spectra (optical stimulation).This minimally invasive 
procedure offers personalisation of cancer therapy.This approach can be 
brought together with Magnetic hyperthermia (MH) based theranostics and is 
the goal of the present study.NANOCARGO, introduces a new paradigm that 
theranostics can be made far more effective if a multimodal action can be 
integrated by adding a plasmonic shell to a magnetic nanoparticle core. The 
development of drug resistance in tumor cells plays a major role in the failure 
of current cancer therapies. To overcome the drug resistance NANOCARGO 



with photo-magnetic properties are developed along with simultaneous 
diagnosis and therapy (theranostics) approach. The plasmonic shell is 
functionalized with the chemotherapeutic drugs and aptamars. These 
nanocargos is stimulated by simultaneous application of magnetic 
hyperthermia and photonic therapy. Cellular delivery is benefited from 
photoporation. Anticancer therapy thus made much more effective through the 
multimodal actions of these nanocargos exposed to endo-luminal, minimally 
invasive optical stimulation and extra-corporeal magnetic resonance imaging 
based excitation. Such a combined strategy maximised the delivery of these 
nanocargos into tumor cells in-vitro and in-vivo. 

COLL 513 

Developing endothelial targeted nanotechnologies to wean cancer 
nanomedicine and bioimaging nanotechnology off the EPR effect 

David Leong1, cheltwd@nus.edu.sg, Magdiel I. Setyawati1, Chor Yong 
Tay2. (1) National University of Singapore, Singapore, Singapore (2) Nanyang 
Technological University, Singapore, Singapore 

Cancer nanomedicinal and bioimaging strategies in the literature often rely on 
exploiting the enhanced permeability and retention (EPR) effect of the tumor 
vasculature to assess the tumor cells. However, there are several issues if 
there is the sole dependence on the EPR effect to access the tumor. Since 
the EPR effect of leaky cancer vasculature is derived from the tumor, it is 
unpredictable and makes sub-tumor region targeting, a hit-and-miss 
endeavor. Moreover, the EPR effect is initiated by a more mature tumor which 
ironically carries more drug resistance. This limits any EPR dependent 
nanomedicine to only begin to access a more difficult to kill tumor instead of 
accessing and kiling a less mature and more vulnerable tumor. We described 
several non-EPR dependent nanobiotechnological strategies with the overall 
future goal of accessing an immature tumor through the vasculature. We 
showed that we could almost induce permeability at will through tinkering with 
nanoparticles induced oxidative stress; through controlling the density and 
size parameters of nanomaterials to induce endothelial cells leakiness 
(NanoEL). These studies represent our current paradigm shifts towards a 
more proactive approach towards accessing the tumors (especially immature 
tumors) from the vasculature. 

  



COLL 514 

Cylindrical graphene nanomaterials for disease assessment and drug 
development 

Daniel A. Heller1,2, hellerd@mskcc.org, Januka Budhathoki-Uprety1, Rune 
Frederiksen1, Thomas V. Galassi2,1, Jackson D. Harvey2,1, Christopher P. 
Horoszko2,1, Prakrit V. Jena1, Rachel E. Langenbacher2,1, Daniel Roxbury3, 
Janki Shah1, Yosi Shamay1, Ryan M. Williams1. (1) Memorial Sloan-Kettering 
Cancer Center, New York, New York, United States (2) Weill Cornell Medical 
College, New York, New York, United States (3) Department of Chemical 
Engineering, University of Rhode Island, Kingston, Rhode Island, United 
States 

The real-time and spatially-resolved detection and identification of analytes 
present important goals for next-generation nanoscale sensors. Low-
dimensional nanomaterials may improve the detection of molecular binding 
phenomena and result in better quantification of disease biomarkers and other 
bioanalytes. Cylindrical graphene provides a non-degradable, luminescent 
material for bioanalytical measurements which exhibits minimal toxicity. We 
developed hybrid polymer and biopolymer/cylindrical graphene nanomaterials 
to quantify bioanalytes in live cells, tissues, and organisms for studies in 
disease biology and for assays to facilitate drug development. On exploring 
avenues for optical modulation, we found new methods to enable 
unprecedented control over the shifting of emission wavelength towards both 
red and blue wavelengths, facilitated by adsorbed species, including 
biomacromolecules, and polymers that allow for switchable modification of 
surface coverage and charge on the cylindrical graphene surface. Analyte 
identification is achieved by modulation of the spectral response, resulting in 
distinct optical fingerprints. The responses can be spatially mapped via 
hyperspectral imaging in live cells and tissues, and quantified in real-time with 
sensitivity down to the single-molecule level, facilitating unprecedented 
bioanalytical measurements. 

COLL 515 

Targeting macrophages with multimodal nanomaterials 

Andrew Smith, smi@illinois.edu, Kelly S. Swanson, Erik R. Nelson, 
Wawrzyniec Dobrucki, Tzu-Wen L. Cross, Liang Ma, Hongping 
Deng. University of Illinois at Urbana-Champaign, Urbana, Illinois, United 
States 



Inflammation is causally linked to numerous clinical pathologies, including 
cancer, heart disease, and type 2 diabetes. Pro-inflammatory macrophages 
have been widely implicated in the initiation and progression of these 
diseases and therefore are a key target for therapeutic intervention. We have 
recently developed a new nanoparticle-based macrophage targeting strategy 
for imaging agents and anti-inflammatory prodrugs that shows unusually high 
targeting efficiency to inflamed tissue in vivo. We observe more than 80% of 
an administered dose can selectively distribute to inflamed tissues of rodent 
models of disease after regional administration, and >90% of the targeted 
dose is associated with macrophages. We use multimodality probes to resolve 
tissue localization patterns using both radioisotopic imaging and fluorescence 
microscopy. Anti-inflammatory prodrugs delivered through this strategy 
demonstrate higher potency of inflammatory gene expression inhibition 
compared with free drugs in mouse models of obesity and type 2 diabetes. 
This strategy may be widely adopted for the detection and treatment of 
diseases associated with macrophage-mediated inflammation, and to 
correlate underlying cellular mechanisms with therapeutic outcomes. 

COLL 516 

Novel fluorine probes for gold nanoparticle labelling with application 
in 19F-MRI 

Monica Carril1,2, mcarril@cicbiomagune.es. (1) CIC biomaGUNE, San 
Sebastian, Spain (2) Ikerbasque, Bilbao, Spain 

Fluorine 19 (19F) based MRI is a re-emerging field with promising features 
which complement proton-based traditional MRI. The most interesting 
advantage of 19F over 1H is the negligible endogenous 19F-MRI signal, for 
which any detectable signal can only come from an exogenous probe. 
However, in order to achieve a quality of image similar to that obtained with 
conventional MRI, a high load of fluorine atoms with the same resonance 
frequency is required. One of the main challenges in this field at the moment 
is the improvement of existing contrast agents in order to increase the SNR 
and circumvent the intrinsic hydrophobicity of fluorinated probes. 
Nanotechnology has widely contributed to the field of contrast-enhanced 
imaging, and nowadays nanoparticles (NPs) as imaging probes are ubiquitous 
in preclinical MRI studies. Taking this into account, the use of NPs bearing a 
high number of identical fluorinated ligands could be an appealing strategy to 
increase the local concentration of chemically equivalent fluorine atoms. In 
this context, novel fluorine labels for nanoparticles have been designed, 
synthesised, characterised and tested as potential imaging probes. 



COLL 517 

Functional approach to solubility parameter computations 

Jason Howell2, Miranda Roesing1, David S. Boucher1, 
boucherds@cofc.edu. (1) Department of Chemistry and Biochemistry, College 
of Charleston, Charleston, South Carolina, United States (2) Department of 
Mathematics, College of Charleston, Charleston, South Carolina, United 
States 

The determination of solubility parameters for solutes represents a 
challenging mathematical problem of locating the central tendency of solvent 
affinity based on a limited set of data taken from experimental observations. 
At present, the most commonly used methods for computing solubility 
parameters of a solute require a binary classification of solvent affinity for the 
solute and employ a spherical/ellipsoidal compatibility region in the three-
dimensional Hansen solubility parameter space. Utilizing a binary 
classification requires an arbitrary solubility threshold, and an ellipsoidal fitting 
model imposes a symmetry on the intermolecular forces that is rarely reflected 
by the experimental data. To overcome these issues, an approach that makes 
use of accurate solubility data to describe a three-dimensional solubility 
function, f, is introduced. The principles of the approach are discussed in 
detail and the procedures for constructing the solubility function and 
computing solubility parameters are described. An example using PCBM 
solubility data available in the literature demonstrates the new method. Lastly, 
a method that employs f as a predictor of solubility in arbitrary solvents with a 
proposed measure of reliability is presented. 

COLL 518 

Investigation of functional monomers, polymers, and polymer thin films 
using sum frequency generation spectroscopy (SFGS) and atomic force 
microscopy (AFM) 

Katherine A. Cimatu, cimatu@ohio.edu, Uvinduni I. Premadasa, Narendra 
M. Adhikari, Adelaide Kruse. Department of Chemistry and Biochemistry, Ohio 
University, Athens, Ohio, United States 

Polymers are important for several industrial applications such as coatings. 
The properties of polymers are affected by their chemical structure, and final 
bulk and interfacial conformations.Thus the goal of this project is to 
understand how modifying a specific end group of a monomer can affect the 



final conformation of a polymer using a more systematic approach.These 
physicochemical studies involved the synthesis and characterization of 
methacrylate-based functional monomers (MBFMs), polymers, and polymer 
thin films (PTFs) using SFGS and AFM. In general, the MBFMs were modified 
via replacement of the functional group at the ethyl end of the monomer.First, 
the effect of electronic and steric substituents on these monomers was 
studied at the air-liquid (AL) interface using SFGS.The molecular 
conformational change at the interface was monitored by acquiring SFG 
spectra at different polarization combinations.A key observation was the 
presence of the peak positioned at 3000 cm-1.This peak was assigned to the 
alkene-methylene (=CH2) CH stretch.The presence of the =CH2 can indicate 
the completeness of the polymerization.Also, the spectral results allowed the 
estimation of the orientation of the methyl (CH3) symmetric stretch positioned 
at ~2900 cm-1 in the CH region.Specifically, the tilt angle of the CH3 group of 
the 2-methoxyethyl methacrylate (MEMA) monomer was estimated using 
polarization combination and polarization mapping methods.The spectral 
results and orientational analysis showed that the MEMA monomer is 
partially-ordered at the air-monomer interface.The steric substituents of the 
MBFMs were also investigated at the monomer-hydrophilic quartz interface to 
verify the conformations of these monomers in a much controlled 
environment.The spectral profile and results at this interface are different from 
the AL interface using the same MBFMs.The C=O group was only observed at 
the monomer-hydrophilic quartz interface.Lastly, the polymer thin films of 
MBFMs were prepared via spin coating of polymer solutions.The study 
involved changing the solvents and annealing times. The PTFs were 
characterized using AFM and SFGS. Correlation of AFM and SFG results are 
significant in the interpretation of the actual interactions and the overall 
conformation of the polymers at the air-polymer interface.To mention, the 
valuable information that was obtained in these studies will help polymer 
chemists design polymers for more effective coatings and inhibitors. 

COLL 519 

Solubility characteristics of poly(3-hexylthiophene) 

Miranda Roesing1, Jason Howell2, David S. Boucher1, 
boucherds@cofc.edu. (1) Department of Chemistry and Biochemistry, College 
of Charleston, Charleston, South Carolina, United States (2) Department of 
Mathematics, College of Charleston, Charleston, South Carolina, United 
States 



Solubility data for poly(3-hexylthiophene) (P3HT) in 29 pure solvents is 
presentedl. Functional solubility parameter (FSP) and convex solubility 
parameter (CSP) computations are performed and the CSP and FSP results 
are compared to previously reported Hansen solubility parameters (HSPs) 
and to the parameters calculated using additive functional group contribution 
methods. The empirical data reveals experimental solubility parameters with 
substantial polar (δP) and hydrogen-bonding (δH) components, which are not 
intrinsic to the structure of the P3HT polymer. Despite these apparent 
irregularities, it is shown that the predictor method based on the solubility 
function, f, does provide a reliable way to quantitatively evaluate the solubility 
of P3HT in other solvents in terms of a given set of empirical solubility data. 
The solubility behavior is further investigated using linear solvation energy 
relationship (LSER) modeling and COSMO-RS computations of the activity 
coefficients of P3HT. The LSER model reveals that (1) the cavity term, δT, is 
the dominant factor governing the solubility behavior of P3HT and (2) the 
solvent characteristics that dictate the structural order (crystallinity) of P3HT 
aggregates do not similarly influence the overall solubility behavior of the 
polymer. 

COLL 520 

Effect of long chain reptation on surface tackiness 

You Wang1, wangyouhk@163.com, Bin Xia1, Aiping Zhou1, Xiaorong 
Wang1,2. (1) School of Chemical Science and Engineering, Tongji University, 
Shanghai, China (2) Institute for Advanced Study, Tongji University, 
Shanghai, China 

To understand the surface tack behavior of polymer melts, we have 
synthesized a number of linear polyisoprenes with their molecular weights 
ranging from 90K to 400K Dalton. The tackiness of these melts to steel 
surface is investigated under various test conditions, including the change of 
the detachment speed Vs, the initial load N, the contact time t, and the sample 
thickness h. Our results show that as long as the detachment speed is large 
enough the detachment is always purely adhesive. In the case of adhesive 
separation, the maximum detaching force Fmax is always proportional to the 
detaching speed Vs

1/3, and is proportional to the time tmax
-1/2 that is required for 

the system to reach the maximum Fmax. This unique power-law behavior is 
found to be independent of the molecular weights of these melts. A new 
theoretical model based on the viscoelastic nature of the materials is able to 
describe the observed behavior and further explain the fundamentals in some 
great detail. 



COLL 521 

Cavity ring-down spectroscopy monitoring of thermal degradation of 2D 
polymer monolayers on fused silica substrates 

Sean M. Casey1, scasey@unr.edu, Alissa C. Murray1,2. (1) Department of 
Chemistry, University of Nevada, Reno, Nevada, United States (2) 
Department of Chemistry, Dominican University of California, San Rafael, 
California, United States 

Normal incidence cavity ring-down spectroscopy (NICRDS) was used to probe 
the thermal and photo degradation reactions of a two-dimensional (2-D) 
polymer system. Cavity ring-down spectroscopy (CRDS) is a sensitive 
absorption technique which has been extensively used for detection of gas-
phase species and, less often, in condensed-phases. Extension to the study 
of monolayer 2-D polymer films is a relatively new application for CRDS 
techniques. Photo depolymerization and thermal depolymerization were 
monitored using NICRDS to help characterize the poly(carboxy fantrip) 2-D 
polymer system. Both thermal and photo-induced depolymerization reactions 
displayed fairly low activation energies, based on an Arrhenius treatment of 
the transient absorption signals as a function of substrate temperature. These 
results are discussed in terms of the well-studied anthracene dimerization 
reaction, which is the linking unit for the poly(carboxy fantrip) 2-D polymer. 

COLL 522 

Preparation and characterization of PHMB-based multifunctional 
microcapsules 

June S. Lum, jlum@bu.edu, Laura W. Place, Sarah Gulcius-Lagoy. Biological 
Sciences and Technology Team, U.S. Army NSRDEC, Natick, 
Massachusetts, United States 

Insects and microbes can cause disease and corrode materiel deployed in 
humid environments. Materials with multifunctional properties are highly 
desirable to the Army to create textile products that would inherently mitigate 
these issues and decrease Soldier load. Microcapsules (MCs) that 
encapsulate active compounds such as insect repellents are a potential 
platform to accomplish this. MCs that exhibit antibacterial and antifungal 
properties were prepared using an antimicrobial polymer, PHMB, as the shell, 
and the encapsulation of an insect repellent, picaridin, is reported. MCs are 
spherical, uniform, and demonstrate a net positive zeta potential. Microscopy 



images illustrate that MCs remain stable when stored in diH2O for at least six 
months. MCs were adsorbed onto a 50:50 nylon:cotton blend (NyCo) as a 
model for functionalized materiel. GC data indicates that picaridin loading 
levels are more than ten times the required dose for deterring mosquitoes. 
Antibacterial activity is observed for MC concentrations across two orders of 
magnitude and can be used to impart this property to NyCo. Additionally, they 
confer antifungal properties to NyCo. Treated fabric is resistant to fungal 
growth throughout a four week culture period. A four week storage study 
demonstrates no discernable loss in picaridin content, and NyCo swatches 
sustain at least a three log reduction in bacteria growth for all time points. The 
findings detailed in the following report suggest that these PHMB-based MCs 
could be used to functionalize materials against microbial organisms and 
mosquitoes, and are robust enough to endure storage in their crude form and 
as a coating. 

COLL 523 

Effect of surfactant system on polyHIPE morphology and mechanical 
properties 

Kristen Rohm2, knr19@case.edu, Vahid Karimkhani1, Donald Feke2, Ica 
Manas-Zloczower1. (1) Department of Macromolecular Science & 
Engineering, Case Western Reserve University, Cleveland, Ohio, United 
States (2) Department of Chemical Engineering, Case Western Reserve 
University, Cleveland, Ohio, United States 

Emulsion templating is a successfully proven route to fabricate low density 
porous polymer foams called poly(High Internal Phase Emulsion)s or 
polyHIPEs. Maximizing mechanical strength while maintaining a high internal 
surface area and low density is desirable for many foam applications. For 
polyHIPEs, the morphology and stability of the precursor emulsion has direct 
impact on final foam morphology. Although use of surfactant to stabilize the 
emulsion system is well-studied, there remains an incomplete understanding 
of the mechanisms by which surfactant concentration and composition in the 
emulsion influences polyHIPE morphology and mechanical properties. In this 
work, we investigate the emulsion (and the resulting foam) properties using a 
non-ionic surfactant system at different concentrations and a two surfactant 
system incorporating both non-ionic and cationic surfactants. Emulsion droplet 
size distribution leads to void size distribution in the polyHIPE. Control over 
these parameters has been demonstrated through the selection of both 
surfactant system and processing conditions. In this study, we analyze the 
effect of surfactant system on polyHIPE properties by adjusting processing 



conditions to maintain constant droplet size in the emulsion. We evaluate 
whether changes in the interfacial behavior of the emulsion is the sole 
indicator of foam morphology and mechanical properties. 

COLL 524 

Covalently bonded thioxanthone-laponite hybrid as photoinitiator for 
polymerization 

Silvano Valandro, silvano@iqsc.usp.br, Alessandra L. Poli, Carla C. 
Schmitt. Instituto de Química de São Carlos - Universidade de São Paulo, 
São Carlos, São Paulo, Brazil 

Hybrids photoinitiators based on photoactive molecules covalently attached 
into nanostructured matrix are very promising for technological applications. 
While the focus of most efforts in this direction is on organomodified clays 
prepared by intercalation of quaternary ammonium compounds, in this work 
we describe the synthesis of a novel organic-inorganic hybrid photoinitiator 
based on Laponite and thioxanthone derivative (LapMTX). Its structure was 
characterized using 13C and 29Si NMR, FTIR experiments. Spectroscopic 
properties were explored by UV−vis diffuse reflectance spectroscopy (DR) 
and different fluorescence techniques. LapMTX showed absorption at 392 nm 
and the fluorescence measurements showed an emitting state with lifetimes of 
0.66 ns in DMSO. The efficiency of LapMTX as a hybrid photoinitiator was 
checked by photopolymerization kinetics of PEGDA. Photocalorimetry 
experiments (photo-DSC) showed that the increasing of the concentration of 
LapMTX photoinitiator increases the photopolymerization rates up to 0.5 wt%. 
Above 0.5 wt% of LapMTX the photopolymerization rate seemed to decrease 
due to a greater concentration of clay-based additives can scatter/absorb the 
incident light. These findings make our photoinitiator very promising candidate 
when it comes to radical polymerization reactions. 

COLL 525 

Study early drying stage of latex film using diffusing wave spectroscopy 

Lin Wang, lwang9@dow.com, Antony Van Dyk, Jonathan Derocher. The Dow 
Chemical Company, Collegeville, Pennsylvania, United States 

Prolonging open time, the time duration that the latex film remains re-
workable, has become an industrial challenge since the introduction of 
aqueous paint. Open time of a coating can be affected by multiple factors, 



such as drying conditions, drying rheology, re-dispersibility of particles, etc. 
Diffusing wave spectroscopy (DWS) has been used to observe Brownian 
motion of particles on the surface and in the body of a drying latex film. It was 
demonstrated that the first DWS phase transition can be correlated with open 
time if the drying rheology plays a key role in re-workability of the paint. By 
using DWS coupled with other techniques, we studied the drying behavior a 
series of latex formulations. The impacts of changing volume solids, the 
volatile organic compound (VOC) as well as particle size on open time will be 
discussed in this talk. 

COLL 526 

Superhydrophobic, infrared transmissive moth eye-like substrates for 
use in wet conditions 

Darryl A. Boyd1, darryl.anthony@gmail.com, Jesse A. Frantz1, Lynda E. 
Busse1, Woohong Kim1, Shyam S. Bayya1, Ishwar Aggarwal2, Jasbinder S. 
Sanghera1. (1) Optical Sciences, US Naval Research Laboratory, Alexandria, 
Virginia, United States (2) University of North Carolina - Charlotte, Charlotte, 
North Carolina, United States 

Infrared (IR) transmissive moth eye-like substrates, including randomly 
patterned fused silica and various periodically patterned germanium 
substrates, were surface modified using a simple process. Goniometric 
analysis showed that the surface modification altered the surface wettability of 
each substrate, rendering them superhydrophobic. Following the surface 
modification, it was determined that the desirable IR transmission and anti-
reflective properties of each substrate type were maintained. Furthermore, the 
hydrophobicity, IR transmission and anti-reflective capabilities of the 
substrates were shown to be significantly enhanced in comparison to native, 
non-moth eye fused silica and germanium substrates that underwent the 
same processes. The results of this work provide an opportunity for the 
development of enhanced utility infrared transmissive optics in wet or humid 
conditions. 

COLL 527 

Surface PEGylation to silver nanoparticles: Kinetics of simultaneous 
surface dissolution and molecular desorption 

De-Hao Tsai, dhtsai@mx.nthu.edu.tw, We-Chang Chang. Chemical 
Engineering, National Tsing Hua Univ, Hsinchu, Taiwan 



We demonstrate a high-resolution, quantitative approach for the 
characterization of the stability of silver nanoparticles (AgNPs) conjugated 
with thiolated polyethylene glycol (SH-PEG). Using the time-resolved gas-
phase ion-mobility and mass analyses, the extents of aggregation and surface 
dissolution of AgNPs, as well as the amount of SH-PEG adsorbed to or 
desorbed from AgNPs, were able to be identified simultaneously in the 
aerosol state. The results show that the SH-PEG with a molecular mass of 6 
kg/mol (SH-PEG6K) was able to adsorb to the surface of AgNP to form 
PEG6K-HS-AgNP conjugates with a strong affinity due to thiol bonding to the 
AgNP surface. The formation of SH-PEG6K corona prevented PEG6K-HS-
AgNP conjugates from aggregation under the acidic environment, but 
dissolution of core AgNPs occurred following a first-order reaction. The rate 
constant of Ag dissolution from PEG6K-HS-AgNP was independent of the 
starting surface packing density (σ0) of SH-PEG6K on AgNP, indicating the 
interactions of acid molecules was not interfered by the presence of SH-
PEG6K corona. The surface adsorbate density of PEG6K-HS-AgNP 
decreased simultaneously following a first-order reaction, and the desorption 
rate constant was proportional to σ0. Our work presents the first quantitative 
study to illustrate the complex mechanism of PEGylated AgNP colloids that 
involves simultaneous aggregation and dissolution of core AgNPs in 
combination with adsorption and desorption of SH-PEG.  

COLL 528 

Hydrophobization of inorganic oxide surfaces via siloxane equilibration 
reactions 

Kaleigh M. Ryan, William Y. Bender, Joshua Kreitler, Joseph W. Krumpfer, 
zeroglass45@yahoo.com. Chemistry and Physical Sciences, Pace University, 
Pleasantville, New York, United States 

Siloxanes, or silicones, are largely ignored as inorganic oxide modifying 
agents due to their lack of traditional functional groups. However, siloxanes do 
react with acid/base moieties on inorganic oxide surfaces causing covalent 
attachment of these chains. Herein, we explore the potential of these reagents 
through solvent-free, universal, and low material-cost reactions on silica, 
alumina, titania, and nickel oxide. Particularly, reaction conditions at liquid-
solid and vapor-solid interfaces are explored via ellipsometry, XPS, and 
dynamic contact angles. Resulting surfaces are conformal, nanometer-scale 
coatings, many of which exhibit low hysteresis behavior. This work is further 
extended to include functional siloxanes as a route to create and control the 
chemistry of a large range of inorganic oxides. 
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Unveiling the internal structure of light-harvesting porphyrin 
nanoaggregates using phase-sensitive vibrational sum frequency 
generation spectroscopy 

Christopher C. Rich, richcc@colostate.edu, Amber T. Krummel. Chemistry, 
Colorado State University, Fort Collins, Colorado, United States 

Synthetic porphyrin assemblies have gained attraction recently for their 
potential utility as light-harvesting materials. The water-soluble nanotube 
aggregates of tetra(sulfonatophenyl)porphyrin (TSPP) are particularly 
intriguing as their chiral properties and tubular structure resemble that of 
green sulfur bacteria chlorosomes. Considerable research has been 
conducted on this particular light-harvesting aggregate (LHA) revealing its 
optical properties, the influence of solvent and environmental effects on its 
electronic properties, as well as the helical nature of the associated molecular 
excitons. However, a precise description of the internal structure of the 
aggregate, i.e. how the porphyrin monomers arrange themselves within the 
aggregate, is still debated among investigators. Thus far, high resolution 
microscopy efforts have not been able to unveil this internal structure and thus 
a combination of imaging and spectroscopic studies have been used to devise 
a variety of possible structures. Recently, our group discovered that 
heterodyne-detected vibrational sum frequency generation (HD-VSFG) 
spectroscopy is capable of measuring both monomeric and excitonic 
properties of these aggregates by keeping track of the “phase acrobatics” 
associated with various vibrational and electronic resonances. In VSFG 
spectroscopy, a mid-infrared (IR) pulse and a visible pulse are overlapped on 
a sample in space and time to produce a signal emission whose frequency is 
the sum of the frequencies of the two input pulses. For heterodyne detection, 
a local oscillator interferes with the VSFG emission to produce a spectral 
interferogram which provides for phase-sensitive information. We found that 
when the VSFG signal frequency is resonant with the JQ exciton electronic 
transition and the IR frequency is resonant with vibrational modes associated 
with macrocycle C=C vibrations, PPP-polarized HD-VSFG spectra exhibit 
doubly-resonant conditions reflective of excitonic properties of the aggregate 
and SSP-polarized HD-VSFG spectra exhibit singly-resonant conditions and 
are reflective of properties of the constituent monomers. We utilize an 
excitonic polaron model, to fit ultraviolet-visible (UV-vis) absorption, HD-
VSFG, and resonance Raman spectra and convey the organization of the 
porphyrin within these aggregates and its excitonic properties. We propose a 



model which describes a 26-start helical nanotube that best represents the 
structure of TSPP aggregates. 

COLL 530 

Exploring graphene oxide through stable emulsion systems 

Harish Kumar1, harish.kumar@uconn.edu, Vignesh Vasu1, Chinthani D. 
Liyanage1,2, Thomas Francis2, Douglas H. Adamson1,2. (1) Institute of Material 
Science (Polymer Program), University of Connecticut, Storrs, Connecticut, 
United States (2) Department of Chemistry, University of Connecticut, Storrs, 
Connecticut, United States 

Graphene oxide (GO) batches are composed of graphene sheets with widely 
varying degrees of oxidation. We show that emulsifying a sample of GO 
separates the sheets into fractions of differing degrees of oxidation. More 
oxidized GO sheets suspend in a water phase, while the less oxidized 
material stabilizes the emulsion phase. This in turn provides the ability to 
control the electrical and thermal conductivity of the GO by making stable 
emulsions. These fractions are characterized by different techniques including 
XRD, 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. This emulsion based fractionation method is pH 
dependent and can also be used to isolate a reduced graphene oxide (rGO) 
like material with a lower value of Raman defect density. This rGO like 
material has the capability of replacing the more expensive and topological 
defects inducing methods presently available. 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. 

COLL 531 

Schizophyllan-guided cell-specific delivery platform technology loaded 
with anti-CD40 oligonucleotide induces permanent cardiac allograft 
acceptance at low dose 

Babak N. Alizadeh, b.alizadeh@napajen.com, Atsushi Uno, Hironori 
Ando. NapaJen Pharma, Inc., Burlingame, California, United States 

We have developed a technology platform for specifically targeting 
oligonucleotide drugs to dendritic cells (DC) and macrophages, by complexing 



the drugs with Schizophyllan (SPG) a beta-glucan that interacts with Dectin-1, 
a mammalian receptor for glucans predominantly expressed on DC and 
macrophages. These are first responder antigen presenting cells that play 
critical roles in oncology, autoimmune, inflammatory, infectious disease and 
transplantation settings. By complexing an oligonucleotide targeting the 
mRNA of the co-stimulatory molecule CD40 with SPG, we have achieved 
permanent allograft acceptance in a murine cardiac transplantation model 
through short-term peri-transplant administration. We further report having 
attained low dose efficacy, through integrating Dectin-1 receptor-mediated 
precision delivery with stability enhancement conferred onto the oligo drug by 
SPG. Based on these results, a brief overview of our pipeline program will 
also be presented. 
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Chalcogenide nanomaterials in thin-film photovoltaics 

Daniela R. Radu1,2, dradur@yahoo.com, Cheng-Yu Lai1, Mimi Liu1, Po-Yu 
Hwang1, Dominik Berg1, Ching-Chin Chen1, Kevin Dobson3. (1) Delaware 
State University, Hockessin, Delaware, United States (2) Materials Science 
and Engineering, University of Delaware, Newark, Delaware, United States (3) 
Institute of Energy Conversion, University of Delaware, Newark, Delaware, 
United States 

Nanostructured chalcogenides with adequate functionality are readily 
dispersible in various solvents to create colloidal solutions. Such dispersions, 
often called inks, could be easily coated in large areas on conducting 
substrates, conferring an inexpensive and robust method to construct thin 
films for photovoltaic applications. The processing required for obtaining 
uniform and dense nanostructured coatings is governed by the ability to tailor 
particle size, particle size distribution, nanoprecursors' surface and select 
appropriate dispersion reagents. Each type of nanostructure is unique and 
finding a specific set of conditions require in-depth analysis of properties such 
as purity, surface properties, and morphology of nanostructures. 
The presentation will comprise our discoveries in thin-film chalcogenide 
photovoltaics (PV) when utilizing colloidal dispersions of nanostructured 
materials, including Cu2ZnSnS4, Cu2SnS3, Fe2GeS4, and more. 

COLL 533 

Functionalised silica nanoparticles as fouling resistant surface coatings 



Paul Molino1,2, pmolino@uow.edu.au, Brianna Knowles1, Binbin Zhang1,2, 
Michael Higgins1,2, Gordon Wallace1,2. (1) Intelligent Polymer Research 
Institute, The University of Wollongong, Wollongong, New South Wales, 
Australia (2) ARC Centre of Excellence for Electromaterials Science, The 
University of Wollongong, Wollongong, New South Wales, Australia 

Critical to the development of antifouling coatings technologies for biomedical 
and aquatic applications is the coupling of effective materials and functional 
chemistries with coating fabrication techniques, providing a clear avenue for 
the application of these coatings to industrially relevant processes. One 
approach that is gaining increasing interest is the application of nanomaterials 
to generate antimicrobial interfaces. Nanomaterials can be employed to 
provide specific functionality to the coating interface (i.e. catalytic interfaces), 
they can be modified to present appropriate surface chemistries at the 
material interface, and the coating fabrication method may be tailored to 
generate specific interfacial topographies and surface morphologies. In this 
talk we present silica nanoparticles as a highly tuneable coating system 
through which nanopartricle size and surface functionality, generated through 
the tethering of various chemistries using silane chemistry, can be tailored to 
enable control over the nano- and micro-interfacial properties of nanoparticle 
coatings. Through modifying silica nanoparticles with hydrophilic chemistries 
(e.g. poly(ethylene glycol and zwitterions), we show the coatings comprised of 
functionalised silica nanoparticles are highly effective at resisting adsorption 
from organics, and adhesion and colonisation by microbial organisms. We 
also demonstrate this nanoparticle system to be highly amenable to a range of 
fabrication technologies, such as spray coating and inkjet printing, and 
demonstrate the use of these materials as fouling resistant coatings on a 
range of substrates such as stainless steel surfaces. 

COLL 534 

Template-free 3D titanium carbide (MXene) particles crumpled by 
capillary forces 

Smit Alkesh Shah2, smit.shah@tamu.edu, Touseef Habib2, Huili Gao3, Peipei 
Gao3, wanmei sun1, Micah J. Green2,3, Miladin Radovic3. (1) Chemical 
Engieering, Texas A&M University, College Station, Texas, United States (2) 
Chemical Engineering, Texas A&M University, College Station, Texas, United 
States (3) Materials Science & Engineering, 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 range of applications such as batteries, supercapacitors, 
electromagnetic shielding, and water desalination. There was a lack of 
research on changing the morphology of these nanosheets which might 
potentially open doors to many new fascinating applications. In this study, we 
have shown that Ti3C2MXenes can be reversibly processed into a 3D 
crumpled structure. This was achieved by using capillary forces of a drying 
droplet in a commonly used spray dryer. Without using any template, we were 
able to obtain scrolled, bent and folded 3D structures and the morphological 
change was found to be reversible upon rehydration. We also showed that the 
extent of crumpling can be controlled by adjusting the spray drying 
parameters. 
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Extremely stretchable coatings for super-repellent flexible electronics 

Joseph E. Mates1, Joseph.Mates@gmail.com, Ilker Bayer3, John Palumbo2, 
Patrick Carroll2, Constantine Megaridis2. (1) Propellants Branch, Air Force 
Research Laboratory, Edwards AFB, California, United States (2) University of 
Illinois at Chicago, Chicago, Illinois, United States (3) Nanomaterials, Italian 
Institute of Technology, Genoa, Italy 

Advances in modern electronics require more robust and versatile functional 
components. We combine commercially available paraffin wax–polyolefin (PF) 
thermoplastic (elastomer matrix binder) with bulk-produced carbon nanofibers 
(CNF, charge percolation network for electron transport, imparting nanoscale 
roughness) to fabricate adherent thin-film composite electrodes. The simple 
wet-based process produces composite films capable of sustained ultra-high 
strain (500%) with resilient electrical performance (resistances of the order of 
101–102 Ω sq-1). The composites are superhydrophobic for long-term 
corrosion protection, maintaining extreme liquid repellency at severe strain. 
Comprised of inexpensive common materials applied in a single step, the 
present scalable approach eliminates manufacturing obstacles for 
commercially viable wearable electronics, flexible power storage devices and 
corrosion-resistant circuits. 

 



 
 
Stretch sequence of a 50 wt.% CNF (mass fraction=0.5) composite coating applied on 
natural rubber substrate (25 micron scale bars): (a) before stretch, λ=1; (b) λ=2; (c) 
λ=6; and (d) after relaxing to unstretched state, λ=1. As stretched sample recovers 
from deformation, folds in composite form due to strong adhesion on substrate. 
Charge percolation network of CNF is reinvigorated across folds, resulting in 
recoverable electrical performance. (e,f) Profile view of stretch routine; CNF 
embedded in PF on rubber substrate. (e) Initial profile view of uninterrupted electrical 
path. (f) CNF separate during stretch, raising electrical resistance. (g) Incomplete 
conductive network recovery after compression. 
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Plant-based polyphenol coatings for surface functionalization with 
proteins and enzymes 

Ana Sousa1, ana.sousa@strath.ac.uk, Sabu Varghese3, Tai-De Li4, Peter 
Halling2, King Hang Aaron Lau1. (1) University of Strathclyde, Glasgow, United 
Kingdom (3) Department of Chemistry, Lancaster University, Lancaster, 
United Kingdom (4) CUNY Advanced Science Research Center (ASRC), New 
York, New York, United States 

Immobilisation of proteins on synthetic material surfaces enables a range of 
applications from biosensing to industrial biocatalysis. However, common 
chemical immobilization methods are effective only on specific materials, a 
number of traditional methods can lead to denatured proteins, and specific 
linkers can be costly. 
We recently reported that plant polyphenols are useful precursors for forming 
“universal” coatings on many surfaces under mild aqueous conditions. For 
example, tannic acid (TA) and pyrogallol (PG) (polyphenols) can self-crosslink 
into stable transparent coatings under a range of pH. We now demonstrate 
the application of such polyphenol coatings as versatile and chemically 
reactive interfacial layers for biomolecules immobilization. 
We present results on exploiting TA, PG, and pyrogallol-2-aminoethane 
coatings on different materials such as alumina, cellulose, stainless steel and 
polyester. These coated materials were used for the immobilisation of 
immunoglobulin G, avidin, and a range of enzymes. 
Different conditions for both coating and immobilization such as pH and 
precursor and enzyme concentrations were tested. The effectiveness of the 
polyphenol was evaluated by measuring the immobilized enzyme activities. 
The results were compared with physisorbed and immobilized enzymes via 
polydopamine (pDA) coatings. The presence and thickness of the coating and 
enzyme layers were further quantified by X-ray photoelectron spectroscopy 
(XPS). Solid NMR was used to characterize finger print regions of the 
coatings and immobilized enzymes. 
It was found that polyphenol coatings were able to immobilize a wide range of 
proteins from antibodies to enzymes, and were up to 12 times more effective 
than both pDA coatings and physisorption for certain proteins and materials. 
The pH during coating and immobilisation were found to be key parameters 
influencing both enzyme activity and stability. The immobilization depended 
also on the underlying surface charge of the material support and the 
chemical nature of the coatings formed at different pH. 
In summary, we demonstrated that polyphenol coatings are effective 



interfacial layers for the immobilization of complex biomolecules. Polyphenol 
coatings can provide unique advantages ranging from their plant-based 
availability to their extended range of preparation pH and enhanced 
effectiveness on specific materials. 

COLL 537 

Soft and hard x-ray ambient pressure photoelectron spectroscopy of 
semiconductor/electrolyte interfaces for water splitting applications 

David E. Starr3, david.starr@helmholtz-berlin.de, Marco Favaro1, Fatwa 
Abdi2, Michael Kanis1, Hendrik Bluhm4, Ethan Crumlin5, Roel Van de Krol3. (1) 
Institute for Solar Fuels, Helmholtz Zentrum Berlin, Berlin, Germany (2) 
Helmholtz-Zentrum Berlin, Berlin, Germany (3) Institute for Solar Fuels, 
Helmholtz-Zentrum Berlin, Berlin, Berlin, Germany (4) Lawrence Berkeley 
National Laboratory, Berkeley, California, United States (5) Advanced Light 
Source, Lawrence Berkeley National Laboratory, Berkeley, California, United 
States 

Due to their potential long term stability in aqueous solutions, ease of 
synthesis, and low cost of production, semiconducting metal oxide materials 
have recently garnered much attention for use as photoelectrodes for 
photoelectrochemical water splitting. Most studies have focused on binary 
semiconducting oxide materials. However, currently no binary oxide material 
has met all the criteria listed above. This has driven researchers to expand the 
materials database and investigate more complex multinary oxides. Among 
multinary oxide materials, bismuth vanadate, BiVO4, is currently viewed as 
one of the most promising for water splitting. The monoclinic scheelite phase 
of BiVO4 has a band-gap of 2.4 eV and recent reports of >5 % solar to 
hydrogen conversion efficiency under AM 1.5 illumination makes it the most 
successful multinary oxide photoanode to date. 
We have used ambient pressure X-ray photoelectron spectroscopy to gain a 
molecular-level understanding of the BiVO4/aqueous electrolyte interface. 
With soft X-rays (AP-XPS) water adsorption from the gas phase at pressures 
up to a few Torr can be studied providing information about the early stages of 
solid/electrolyte interface formation. The tender X-ray form (AP-HAXPES) can 
be used to directly interrogate a solid surface under an electrolyte film that is 
tens of nanometers thick. Our AP-XPS measurements on BiVO4(010) single 
crystal surfaces indicate that the surface is significantly hydroxylated by ~0.5 
Torr. Surface hydroxylation is accompanied by reduced vanadium in the 
surface which leads to occupied states above the valence band maximum. 
We have also investigated the open-circuit behaviour of the thin-film 



BiVO4/bulk-like potassium phosphate electrolyte interface when illuminated 
with a solar-simulator. Upon illumination we observe changes in the 
BiVO4 consistent with the production of a small amount of H+ and significant 
restructuring of the electrolyte near the interface. These results provide 
fundamental information about the general behaviour of water splitting 
photoelectrodes under illumination. 

COLL 538 

Assessing doping effects on surface chemical stability by in situ AP-
XPS in barium perovskites, BaCexZr0.9-xY0.1O2.95 (x = 0.9 ; 0.2 ; 0) 

Angelique Jarry3,1, ajjarry@lbl.gov, Christopher Pellegrinelli4, Aaron Geller2, 
Sandrine Ricote5, Xiaohang Zhang3, Ichiro Takeuchi3, Eric D. Wachsman4, 
Ethan Crumlin1, Bryan W. Eichhorn2. (1) Advanced Light Source, Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (2) Dept 
Chem, Univ of Maryland, College Park, Maryland, United States (3) 
Department of Materials Science and Engineering, University of Maryland, 
Washington, District of Columbia, United States (4) University of Maryland 
Energy Research Center, University of Maryland, College Park, Maryland, 
United States (5) Colorado School of Mines, Boulder, Colorado, United States 

The two major proton-conducting solid oxide fuel cell (PCFC) performance 
limitations are the long-term stability as well as the concentration and mobility 
of proton defects in the electrolyte. The main electrolyte candidates are 
perovskite type, in particular, yttrium doped barium Ba(Zr/Ce/Y)O3-s materials. 
However the poor grain boundary conductivity of BaZr0.9Y0.1O2.95 (BZY) and 
the lack of chemical stability of BaCe0.9Y0.1O2.95 (BCY) impede their 
application. The first issue can be addressed by the development of grain 
boundary-free thin films which exhibit conductivity level up to three orders of 
magnitude higher than standard sintered pellets. A solid solution of BZY and 
BCY, BaCe0.2Zr0.7Y0.1O2.95 (BCZY), demonstrates further optimized 
conductivity levels and chemical stability. However, due to the low 
concentration of protons and surface gas sensitivity of these materials, 
detailed knowledge on the chemical interaction between elements from oxide 
host lattice and fuel cell environment is still lacking, hindering PCFC 
development. 
 
In this work, we developed BaCexZr0.9-xY0.1O2.95 epitaxial thin films and 
characterized their performance with electrochemical impedance 
spectroscopy. We investigated the doping effect on surface chemistry by 
using Ambient Pressure X-ray Photoelectron Spectroscopy (AP-XPS) in fuel 



cell environments (100 mtorr of H2O, H2, O2 or CO2) at operating temperature 
(>400°C). Upon applying water partial pressure, changes in the O 1s and Y 3d 
core level spectra were observed with a clear dopant dependency. These 
results indicate the formation of degradation products at the surface. The 
correlation between surface activity, composition, chemical stability, and 
conductivity level as well as associated new insights into the dopant effect on 
hydration and degradation mechanisms will be discussed. 

COLL 539 

Structure and chemistry of oxide thin films and surfaces revealed by 
ambient pressure x-ray photoelectron spectroscopy and absorption 
spectroscopy: Implications for better electrochemical energy conversion 
and electronic devices 

Bilge Yildiz, byildiz@mit.edu. Departments of Nuclear Science, and 
Engineering and Materials Science and Engineering, Massachusetts Institute 
of Technology, Cambridge, Massachusetts, United States 

Surface chemistry and structure of oxides evolve under external driving 
forces, including temperature, reactant gas pressure, electrochemical 
potentials, mechanical stresses and strong electric fields. This evolution of this 
interface affects the charge transfer kinetics in a wide range of technologies, 
including electrochemical energy conversion, storage, and information 
processing. I will present two examples where the use of near ambient 
pressure X-ray photoelectron (XPS) and absorption spectroscopy (XAS) 
helped uncover the chemistry and electronic structure of surfaces and thin 
films under working conditions, and the implications of that new knowledge on 
device performance. First is on the surfaces of perovskite type oxides, which 
degrade when doped with aliovalent cations. We performed ambient pressure 
XPS and XAS experiments, and have revealed that by maintaining a more 
oxidized surface, achieved either by surface doping with more oxidizable 
cations or by coating, one can improve significantly both the stability and the 
kinetics of oxygen exchange reactions that are important for the performance 
of high temperature fuel cells, electrolyzers and thermochemical fuel 
synthesis. Second is on oxides that can change their phase and their 
electronic properties upon change of oxygen content. Ability to change the 
electronic properties by feasible means, such as electrical bias, is promising 
for electronic device applications. We were able to demonstrate on two 
different types of oxides, SrCoOx and VOx, in nm-scale thin film form, that 
electrical bias to control the oxygen chemical potential in the oxide is a 
promising way to alter the phase, and the electronic properties drastically. The 



use of XPS and XAS under controlled oxygen pressure, electrochemical 
potential and temperature was crucial to reveal the electronic structure 
evolution taking place during these transitions. The results suggest a new type 
of metal-insulator-transition that is achievable over a wide range of 
temperatures, and is solely controlled by electrochemical modulation of 
oxygen content to switch between two distinct phases. 

COLL 540 

Understanding solid/liquid electrified interfaces using ambient pressure 
x-ray photoelectron spectroscopy 

Marco Favaro1, marco.favaro.sdm@gmail.com, Zhi Liu3,4, Ethan Crumlin2. (1) 
Institute for Solar Fuels, Helmholtz Zentrum Berlin, Berlin, Germany (2) 
Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, 
California, United States (3) State key Laboratory of Functional Materials for 
Informatics, Shanghai Institute of Microsystem and Information Technology, 
Chinese Academy of Sciences, Shanghai, China (4) Division of Condensed 
Matter Physics and Photon Science, School of Physical Science and 
Technology, ShanghaiTech University, Shanghai, China 

Understanding the interplay between surface chemistry, electronic structure, 
and reaction mechanism of catalysts at the electrified solid/liquid interface will 
enable the design of more efficient systems for sustainable energy production. 
The substantial progress in operando characterization, particularly using 
synchrotron based X-ray spectroscopies, provides the opportunity to uncover 
surface chemical and structural transformations under various 
(photoelectro)chemical reaction environments. 
In this talk, we will focus and review the main results obtained at the 
Advanced Light Source coupling Hard X-ray Photoelectron Spectroscopy 
(HAXPES) and ambient pressure conditions to access to the operando study 
of solid/liquid electrified interfaces. By using the “dip and pull” procedure and 
ambient pressure X-ray photoelectron spectroscopy (APXPS), we were able 
to simultaneously probe ~20-30 nm of aqueous electrolyte (at the equilibrium 
with its vapor) and ~10 nm of the electrocatalyst, while undergoing 
electrochemical reactions at the solid/liquid electrified interface. 
As first example of the potentialities of such innovative technique, we will 
show the results obtained on the investigation of the electrochemical double 
layer at the solid/liquid junction. By coupling numerical simulations of the 
electric field at the interface and the photoelectron spectra of the solvent 
(water) and a spectator neutral molecule used as local probe, we discerned 
the shape of the electrochemical double layer profile. In addition, we 



determined how the electrochemical double layer changes as a function of 
both the electrolyte concentration and applied potential. 
In the second part of the talk, we will show the application of the technique to 
two paradigmatic materials for oxygen evolution reaction: Pt and a biphasic 
catalyst composed of a Co3O4/Co(OH)2 layered structure. For both materials, 
we studied the surface and sub-surface chemical and structural evolution as a 
function of the applied potential, and in particular at potentials able to drive 
water splitting. Based on the experimental findings, we were able to propose a 
catalytic cycle for both systems under oxygen evolution conditions. 
Finally, we will portray some future perspectives/developments of APXPS 
within a more general operando multi-technique approach, with the aim of 
opening up fruitful discussions at the workshop among the AP community. 

COLL 541 

Operando AP-XPS evaluation of semicondutor/liquid and associated 
systems 

Michael Lichterman2, mlichter@caltech.edu, Matthias Richter2, Shu Hu4, 
Ethan Crumlin5, Bruce S. Brunschwig1, Achim Lewerenz2, Nathan S. 
Lewis3. (1) MC 139-74, California Inst of Tech, Pasadena, California, United 
States (2) Chemistry, California Institute of Technology, Pasadena, California, 
United States (3) Caltech, Pasadena, California, United States (4) Chemical & 
Environmental Engineering, Yale University, West Haven, Connecticut, United 
States (5) Advanced Light Source, Lawrence Berkeley National Lab, Berkeley, 
California, United States 

Through the use of tender X-rays from a synchrotron source, we evaluate the 
energetic relations of semiconductor/liquid junctions. A potentiostat maintains 
the working electrode, in a three electrode configuration, at an isopotential 
which can be varied throughout the potential range allowed by the electrolyte. 
We have evaluated the effects of metal deposition on the band energetics in 
the TiO2/water system as well as providing a means to measure the defect 
state density in a semiconductor in contact with a solution. Other experiments 
to investigate related systems will be discussed. 
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Operando APXPS studies of electrocatalysis 

Anders R. Nilsson, andersn@fysik.su.se. Department of Physics, Stockholm 
University, Stockholm, Sweden 

I will demonstrate how electron spectroscopy can be used to address 
fundamental questions regarding the reaction mechanism and active sites of 
the Oxygen Reduction Reaction (ORR), Oxygen Evolution Reaction (OER), 
Hydrogen Evolution Reaction (HER) and CO2 reduction reaction (CO2RR). 
We have developed in-situ XPS capabilities using a membrane assembly 
where either the anode or cathode side is exposed to a differential pumped 



environments where direct measurements of the changes in the catalyst and 
various reaction intermediates can be probed during ORR on Pt, OER on 
IrO2 and HER conditions for MoS2. We have followed the change of Cu 
catalyst after oxidative activation and then reduction into the metallic state 
using x-ray absorption spectroscopy and ambient pressure XPS to elucidate 
the nature of the enhanced selectivity towards ethylene in CO2RR. 

COLL 543 

Anchor peptide enables rapid targeting, loading and capture of 
exosomes of diverse origins and targets oligonucleotides to muscle 
in mdx mice 

Xianjun Gao2, Hong Moulton1, Haifang Yin2, haifangyin@tmu.edu.cn. (1) 
Biomedical Sciences, Oregon State University, Corvallis, Oregon, United 
States (2) Tianjin Medical University, Tianjin, China 

Exosomes are circulating nanovesicular carriers of macromolecules, 
increasingly used for diagnostics and therapeutics. The ability to load and 
target patient-derived exosomes without chemical modifications of exosomal 
surfaces is key to unlock therapeutic potential of the nano-carriers. Here we 
demonstrate that 1) a peptide (CP05) identified by phage display stably 
attaches to exosomes of diverse origins, including patient-derived exosomes, 
through binding to CD63 - an exosomal protein, and 2)CP05 can anchor 
exosomes and a cargo(s) of interest. Systemic administration of exosomes 
anchored with CP05-conjugated dystrophin-splice-correcting Morpholino 
oligomers (EXOPMO) increased dystrophin protein 18-fold in quadriceps of 
dystrophin-deficient mdx mice compared to CP05-PMO conjugate in the 
absence of exosomes. In addition, loading CP05-muscle-targeting fusion 
peptide onto the EXOPMO further enhanced dystrophin production in muscles 
with functional improvement without overt toxicity. Furthermore, CP05 can 
also capture exosomes from serum. We have discovered a novel exosomal 
anchor peptide enables direct and effective functionalization of exosomes and 
thus provides a tool for exosome engineering, probing gene function in 
vivo and targeted drug delivery. 

COLL 544 

Targeting the FGFR3-TACC3 fusion: Toward personalized medicine 

Brittany Parker Kerrigan1, bcparker@mdanderson.org, Shinji Yamashita1, 
Matthew Kronowitz1, Daniel Ledbetter1, Joy Gumin1, Lynette Phillips1, Anwar 



Hossain1, Wei Zhang2, Frederick Lang1. (1) Neurosurgery, MD Anderson 
Cancer Center, Houston, Texas, United States (2) Cancer Genomics and 
Precision, Medicine Wake Forest Baptist Comprehensive Cancer Center, 
Winston-Salem, North Carolina, United States 

Glioblastomas (GBMs) are notoriously resistant to therapy due to the unique 
biology of the tumor cells and the delivery challenges imposed by the blood-
brain and blood-tumor barriers. The FGFR3-TACC3 fusion (F3-T3) has been 
shown to drive gliomagenesis, but successful targeting of this “driver” has not 
been achieved heretofore. We hypothesized that depleting F3-T3 using siRNA 
to the FGFR portion of the fusion or to the fusion breakpoint would inhibit F3-
T3+ GBMs, and that biological nanoparticles called exosomes isolated 
from ex vivo cultures of mesenchymal stem cells (MSCs) could successfully 
deliver these siRNAs. 
We first labeled exosomes with infrared dye and showed that they home to 
brain tumors after intravascular, intra-arterial, and intraperitoneal injection. To 
specifically apply to F3-T3+ GBMs, F3-T3 was overexpressed in U87 and 
SNB19 lines and we identified two F3-T3+ Glioma Stem-like Cells (GSC13 
and 231) from patients. We constructed two lenti-shRNAs that targeted 
portions of FGFR3 within the fusion (called LV-shRNA-FGFR), and a lenti-
shRNA that targeted a region of FGFR outside the fusion as a negative 
control (LV-shRNA-3’UTR). Treatment with LV-shRNA-FGFR constructs 
depleted F3-T3 protein in all four F3-T3+ lines, whereas LV-shRNA-3’UTR 
had no effect. Treatment with LV-shRNA-FGFR resulted in decreased cell 
viability compared with LV-shRNA-scrambled or LV-shRNA-3’UTR GSC13: 
82% decrease (p<0.0001); GSC231: 52% decrease (p<0.0001). Intracranial 
implantation of GSC13 after treatment with LV-shRNA-FGFR resulted in 
increased animal survival compared to controls (median survival: LV-shRNA-
FGFR=145 days, Control treatments=70 days, p< 0.01). We next constructed 
10 unique siRNAs that specifically targeted the junction region of F3-T3+ cell 
lines, and demonstrated that 7 of these siRNA reduced expression of F3-T3 
up to 90%. Importantly, the fusion specific siRNAs did not deplete wild-type 
FGFR3 or TACC3. 
We conclude that targeting the F3-T3 fusion using shRNAs specific to the 
FGFR portion of the fusion or to the unique fusion junction may be an effective 
treatment for the subset of patients with GBM who harbor this driver mutation, 
and that exosomes may be a promising delivery vehicle. 

COLL 545 

Immunization with antigenic peptides complexed with β-glucan induces 
potent cytotoxic T-lymphocyte activity in combination with CpG-ODNs 



Shinichi Mochizuki1, mochizuki@kitakyu-u.ac.jp, Hiromi Morishita1, Kazuo 
Sakurai2. (1) The University of Kitakyushu, Fukuoka, Japan (2) U of 
Kitakyushu Dept of Chem, Kitakyushu Fukuoka, Japan 

We have studied schizophyllan (SPG; Figure 1), a member of β-1,3-glucans, 
as a delivery carrier of oligo nucleotides since SPG can complex with 
particular homo nucleotides such as poly(C) or poly(dA) via combination of 
hydrogen bonding and hydrophobic interactions. In 2001, Gordon at el. found 
a major β-1,3-glucan receptor Dectin-1 on immune cells such as 
macrophages and dendritic cells. Therefore it is expected that the SPG can 
specifically deliver the bound oligonucleotides to macrophages and dendritic 
cells. We have attached dA40 to antisense ODNs (AS-ODNs) or short 
interference RNA sequence to render ability to make complex with SPG and 
achieved efficient gene silencing in animal models of fulminant hepatitis and 
bowel disease. In this study, we prepared CpG-DNA/SPG and antigenic-
peptide/SPG complexes and evaluated immune responses in vitro and in 
vivo (Figure 2). We prepared CpG-dA40 and antigenic peptide (OVA257-264) 
conjugated with dA40, and made the complexes with SPG. After immunization 
with CpG-dA/SPG and OVA257-264-dA/SPG complexes, we evaluated the 
immune responses to induce cytotoxic T lymphocytes (CTLs) and anti-tumor 
effect. Immunization with OVA257-264-dA/SPG induced peptide-specific immune 
responses in combination with CpG-dA/SPG both in vitro and in vivo. When 
splenocytes from immunized mice were incubated with E.G7-OVA tumor 
model cells presenting OVA peptides, the number of cells drastically 
decreased after 24 hours. Furthermore, mice pre-immunized with OVA257-264-
dA/SPG and CpG-dA/SPG exhibited a long delay in tumor growth after tumor 
inoculation. These findings indicate that SPG offers potential in biotechnology 
and CpG-DNA and antigenic peptide complexes may be expected to be next 
cancer and influenza vaccine. 

 
 



COLL 546 

Protein mimics enable antibody delivery into T-cells 

Gregory N. Tew, tew@mail.pse.umass.edu. Polymer Science and 
Engineering, University of Massachusetts, Amherst, South Deerfield, 
Massachusetts, United States 

A new series of synthetic protein transduction domain mimics (PTDMs) was 
designed based on key parameters of Pep-1 and TAT. These novel PTDMs 
were significantly more active than either Pep-1 or TAT alone. To better 
understand the importance of guanidine and phenyl groups segregation along 
the backbone both membrane interactions and cellular internalization studies 
were conducted. The results showed that functional group segregation 
impacts activity. Their ability to deliver active peptides, proteins, and 
antibodies into primary T-cells was exploited This study gives new design 
guidelines for the development of PTDMs. 

COLL 547 

Semi-solid pro-drug nanoparticles for long-acting delivery of water-
soluble antiretroviral drugs for combination HIV therapies 



James J. Hobson2, Amer Al-khouja1, Paul Curley3, Charles Flexner4, Caren L. 
Meyers4, Andrew Owen5, Steve Rannard2, srannard@liv.ac.uk. (1) Johns 
Hopkins School of Medicine, Baltimore, Maryland, United States (2) 
Chemistry, University of Liverpool, Liverpool, United Kingdom (3) Molecular 
and Clinical Pharmacology, University of Liverpool, Liverpool, United Kingdom 
(4) Pharmacology and Molecular Sciences, Johns Hopkins School of 
Medicine, Baltimore, Maryland, United States 

The use of solid drug nanoparticles to deliver poorly-water soluble drugs has 
been achieved through a number of top-down nanoparticle formation routes 
such as nano-milling and high pressure homogenisation. The delivery of 
water-soluble drugs using such techniques, however, has received very little 
attention as these processes predominantly utilise aqueous media which 
would dissolve the drug compound. 
 
Here, we employ a strategy that requires masking of functionality within water-
soluble drugs to promote water-insolubility, thereby allowing the use of 
emulsion-templated freeze-drying approaches to form semi-solid drug 
nanoparticles. Nano-milling would not be appropriate in these cases as the 
pro-drugs with increasing logP have low melting points; equally, high pressure 
homogenisation would lead to removal of the pro-drug masking groups. 
Emulsion-templated freeze-drying is a physically and chemically gentle 
processing approach that has allowed semi-solid prodrug nanoparticles to be 
generated from systematically varying prodrugs of emtracitabine, bearing alkyl 
carbamate and carbonate functionality. This antiretroviral drug is a key 
component of backbone therapies for HIV treatment but it’s water-solubility 
leads to considerable difficulties when developing long-acting combination 
depot delivery options to improve adherence to therapy and optimise 
outcomes. 8 prodrug compounds were screened aganist binary combinations 
of polymers and surfactants leading to 392 separate semi-solid nanoparticle 
candidates. Through iterative studies of nanoparticle formation following 
charaterisation and optimisation of drug-loading relative exciepients, a number 
of candidate long-acting semi-solid pro-drug nanoparticle depots have been 
identified. The impact of pro-drug moiety chain length on nanoparticle 
formation has been studied using this high throughput emulsion templating 
approach that allows large materials space to be investigated quickly with 
clear implications for future design and progression of highly drug loaded 
depot formulations for long-acting HIV therapy. 

 



 

COLL 548 

Refilling drug-eluting depots through systemic administration of inert 
prodrugs 

Yevgeny Brudno1,3, brudnospam@gmail.com, Rajiv Desai2,3, Brian J. 
Kwee2,3, Michael Aizenberg3, Neel S. Joshi2,3, David J. Mooney2,3. (1) 
Biomedical Engineering, University of North Carolina Chapel Hill and North 
Carolina University Raleigh, Chapel Hill, North Carolina, United States (2) 
School of Engineering and Applied Sciences, Harvard University, Cambridge, 
Massachusetts, United States (3) Wyss Institute, Harvard University, Boston, 
Massachusetts, United States 

Drug-eluting material systems have proven useful in a variety of clinical 
settings, including preventing restenosis with stenting, treating cancer and 
enhancing wound healing. These systems benefit from tunable drug release 
kinetics, continuous drug release, and local delivery, which together provide 
spatiotemporal control over drug availability and diminish drug toxicity. I will 
describe our efforts to overcome one major hurdle to widespread use of drug-
eluting systems in vivo – that they carry a finite depot of drug and require 
invasive procedures to refill. I will describe a technology to modify materials so 
as to capture blood-circulating drug refills, allowing for repeated refilling of the 



depots for local release. Bioorthogonal chemistry and nucleic acid-based 
methods for selective depot replenishment will be discussed. Repeated drug 
refilling and release improved outcomes in cancer models and allowed for 
selective drug homing in models of lower limb ischemia and osteomyelitis. 
Refillable drug delivery devices that enable repeated and spatiotemporally 
controlled drug release may have clinical applications in cancer therapy, 
wound healing, immunotherapy, and drug-eluting vascular grafts and stents. 

 

COLL 549 

Nanostructure synthesis at the liquid-substrate interface: A new strategy 
for obtaining plasmonic and chemically active surfaces 

Svetlana Neretina, sneretina@nd.edu, Robert Hughes. College of 
Engineering, University of Notre Dame, Notre Dame, Indiana, United States 

The template-mediated synthesis of noble metal nanostructures has proven to 
be one of the most effective routes for directing growth pathways toward a 
desired endpoint. Such syntheses have given rise to an impressive collection 



of complex nanostructures with asymmetric, core-shell and hollowed 
morphologies that offer numerous functionalities based on tunable plasmonic 
resonances and intense near-fields. Nearly all such routes have, however, 
been restricted to syntheses performed on solution-dispersed templates. 
Creating photoactive surfaces from such structures is, therefore, reliant on the 
controlled dispersal and attachment of colloidal nanostructures onto a 
substrate. Here, we present an alternative strategy reliant on the use of 
substrate-immobilized nanostructures formed through vapor phase assembly 
processes as templates for solution-based reactions. 

 

COLL 550 

Porous metals via the oriented attachment of nanoparticles 

Zewei Quan, quanzw@sustc.edu.cn. Chemistry, Southern University of 
Science and Technology, Shenzhen, China 

Oriented attachment (OA) is a crystal growth pathway that involves 
aggregation of crystallographically discrete particles followed by orientaion 
and interface elimination, which can be used to interprete natural 
crystallization and more importantly to synthesize novel types of 
nanostructures. In this talk, I will show our recent progress in the formation of 
porous metals (such as Au) by utilizing the oriented attachment of 
nanoparticles. These intriguing nanostructures could give rise to interesting 
optical, electronic, and catalytic properties. 

COLL 551 

Hot carrier up-conversion luminescence in nanocrystal heterostructures 



Matthew T. Sheldon, sheldonm@tamu.edu. Chemistry, Texas A&M 
University, College Station, Texas, United States 

Plasmonic enhancement of non-thermalized, ‘hot’ carrier phenomena in metal 
nanostructures has prompted significant interest in the fundamental properties 
and applications of these short-lived, ballistic charge carriers. Here we report 
our studies on new classes of Cd-chalcogenide and all-inorganic Cs-Pb-
Halide perovskite metal-semiconductor nanocrystal heterostructures with 
several ideal compositional and optical properties for probing hot carrier 
generation and transport. We have optimized synthetic protocols for more 
complex level alignments in Cd-based chalcogenide semiconductor-metal 
heterostructure nanoparticles for promoting hot carrier transport and 
collection. We also report our recent success designing all-inorganic CsPbX 
(X = Cl, Br, I) perovskite nanoparticles with Au metal deposited on the particle 
surface. Importantly these new hybrid perovskite materials maintain quantum 
fluorescence yield > than 75% , which is especially remarkable when 
compared with the near-complete quenching of photoluminescence observed 
in similar Au-chalcogenide nanocrystals. 
Our analysis is carried in in combination with full-wave optical modeling 
(FDTD method), to design and fabricate optimal nanocrystal samples for 
characterization with photoluminescence excitation (PLE) spectroscopy and 
dark field microcopy. By systematically mapping the potential landscape that 
defines the charge transfer dynamics, these optical studies provide 
fundamental insights into non-equilibrium charge phenomena across 
nanoscale electronic interfaces, crucial for identifying strategies that best 
optimize photocatalysis and photoelectrochemical reactions. 
In particular, we report nanocrystal morphologies that can exhibit a new 
mechanism of up-conversion luminescence (UCL), whereby the photo-
induced transfer of hot electrical carriers from the metal region over the 
interfacial Schottky barrier can produce band-edge luminescence in the 
semiconductor, with energy greater than the incident light. This novel 
mechanism, which we term ‘hot carrier UCL’, could have potentially significant 
advantages in applications that benefit from UCL, such as biological imaging, 
optical energy conversion, and optoelectronic signal processing and data 
storage. This behavior also informs fundamental thermodynamic issues 
related to energy conversion. 

COLL 552 

Photo-triggered N2-generating submicroparticles for selective cancer 
cell killing 



Weijun Tong, tongwj@zju.edu.cn, Huiying Li, Changyou Gao. Zhejiang 
University, Hangzhou, China 

Cancer has been a major threat to human beings for a long time. In current 
cancer treatments, chemotherapy is an important and effective strategy. 
However, cancer drug resistance and some severe side effects may be 
induced after repeated administration of cancer drugs, which may significantly 
limit the efficacy of chemotherapy. So, developing new strategies for cancer 
treatment is important. Recently, utilizing the physicochemical property 
change of materials in specific location to disrupt cancer cells has been 
regarded as a potential way to treat cancer by many researchers.In this study, 
photo-responsive submicron particles based on diazo-resin (DZR) which is 
able to release N2 under UV irradiation were prepared through a polyamine-
salt aggregation method. After surface modification with hyaluronic acid (HA), 
the particles could be internalized selectively by cancer cells and mainly 
located in lysosomes after 6 h incubation. The viability of cancer cells 
decreased obviously after co-cultured with photo-responsive particles and UV 
irradiation due to the integrity damage of lysosomes by photo-triggered 
N2 generation.

 

COLL 553 

Reversible self-assembly and tunable optical properties of stable 
photoresponsive nanoparticles 



Zhiqun Lin1, zhiqun.lin@mse.gatech.edu, Yihuang Chen1, Guangzhao 
Zhang2. (1) School of Material Sci Engr, Georgia Institute of Technology, 
Atlanta, Georgia, United States (2) University of Science and Technology of 
China, Hefei, China 

Nanostructured materials consisting of organic polymers and inorganic 
nanoparticles with a well-defined interface between each counterpart are of 
immense interest because of their exclusive applications in many areas. 
Herein, we elaborate an untraditional strategy to craft monodisperse 
bifunctional nanoparticles involving high-quality plasmonic Au nanoparticles 
firmly and perpetually anchored by photoresponsive poly(7-methylacryloyloxy-
4-methylcoumarin) (PMAMC) polymer shell utilizing amphiphilic star-like 
poly(acrylic acid)-block-poly(7-methylacryloyloxy-4-methylcoumarin) (PAA-b-
PMAMC) diblock copolymer as template. The size and shape of the hairy 
nanoparticles can be precisely controlled. The PMAMC polymer shell imparts 
reversible photoresponsive properties to nanoparticles with self-assembly and 
its reverse behavior triggered by 365-nm and 254-nm UV lights, respectively. 
Compared with the previous work that is reversible based on the interactions 
between small functional molecule and inorganic nanoparticles, the light-
induced reversible self-assembly (LIRSA) system here is stable upon UV 
irradiation due to the permanently and intimately linked PMAMC chains. 
Moreover, the general template strategy enables the facile design of 
bifunctional nanoparticles with various inorganic core and organic polymer 
shell for both fundamental researches and practical applications. 

COLL 554 

Polymer-assisted co-assembly approach toward mesoporous hybrid 
metal oxides catalysts for photocatalysis 

Ben Liu2, Steven L. Suib1, Jie He3, jie.he@uconn.edu. (1) Univ of 
Connecticut, Storrs Mansfield, Connecticut, United States (2) Chemistry, 
Univeristy of Connecticut, Storrs, Connecticut, United States (3) Dept of 
Chemistry, University of Connecticut, Storrs, Connecticut, United States 

The utilization of noble metal nanoparticles (NPs) as photo antennas in metal 
oxides having a large band gap is of particular interest for surface plasmon 
enhanced photocatalysis. Current synthetic approaches of metal oxide/noble 
metal hybrids, however, lack controllability in engineering their nanostructures. 
We present a new bottom-up synthetic approach to preparing mesoporous 
transition metal oxide/noble metal hybrid catalysts via a ligand-assisted co-
assembly of amphiphilic block polymer micelles and polymer-tethered noble 



metal NPs. The use of polymer ligands that can improve the stability of metal 
NPs under the extreme conditions used for the sol-gel chemistry is a key to 
the controllable synthesis of hybrid catalysts. It is found that the hybrid 
catalyst possesses long-range, periodically ordered mesoporous 
nanostructures with an average pore size of 20-25 nm and a wall thickness of 
15-18 nm. Noble metal NPs are homogenously embed into the mesostructural 
channels of the hybrid catalysts without NP fusion or migration. Our synthetic 
approach offers a general and straightforward method to precisely tune the 
sizes and loading amounts of noble metal NPs in metal oxides; and this 
system, thus, provides a solid platform to clearly understand the role of noble 
metal NPs in various photocatalytic reactions, including alcohol oxidation and 
water reduction. 

COLL 555 

A customizable class of colloidal-quantum-dot spasers and plasmonic 
amplifiers 

Jian Cui1, gunqwee@ethz.ch, Stephan J. Kress1, Patrick Rohner2, David K. 
Kim1, Felipe V. Antolinez1, Karl-Augustin Zaininger1, Kevin McPeak1, Dimos 
Poulikakos2, David J. Norris1. (1) 1Optical Materials Engineering Laboratory, 
ETH Zurich, Zurich, Switzerland (2) Laboratory of Thermodynamics in 
Emerging Technologies, ETH Zurich, Zurich, Switzerland 

Colloidal quantum dots are robust, efficient, and tunable emitters now used in 
lighting, displays, and lasers. Consequently, when the spaser—a laser-like 
source of high-intensity, narrow-band surface plasmons—was first proposed, 
quantum dots were specified as the ideal plasmonic gain medium for 
overcoming the significant intrinsic losses of plasmons. Many subsequent 
spasers, however, have required a single material to simultaneously provide 
gain and define the plasmonic cavity, a design unable to accommodate 
quantum dots and other colloidal nanomaterials. Additionally, these and other 
designs have been ill-suited for integration with other elements in a larger 
plasmonic circuit, limiting their use. Here we develop a more open architecture 
that decouples the gain medium from the cavity, leading to a versatile class of 
quantum-dot-based spasers that allow controlled generation, extraction, and 
manipulation of plasmons. We first create high-quality-factor, aberration-
corrected, plasmonic cavities at desired locations on an ultrasmooth silver 
substrate. We then incorporate quantum dots into these cavities via 
electrohydrodynamic printing or drop-casting. Photoexcitation under ambient 
conditions generates monochromatic plasmons (0.65 nm linewidth at 630 nm, 
Q ~ 1000) above threshold. This signal is extracted, directed through an 



integrated amplifier, and focused at a nearby nanoscale tip, generating 
intense electromagnetic fields. More generally, our device platform can be 
straightforwardly deployed at different wavelengths, size scales, and 
geometries on large-area plasmonic chips for fundamental studies and 
applications. 

COLL 556 

Monodisperse hexagonal pyramidal and bipyramidal wurtzite CdSe-CdS 
core-shell nanocrystals 

Ou Chen2, ou_chen@brown.edu, Rui Tan2, Jing Zhao1. (1) Chemistry, 
Univerisity of Connecticut, Storrs Mansfield, Connecticut, United States (2) 
Chemistry, Brown University, Providence, Rhode Island, United States 

Hetero-structural core-shell quantum dots (hetero-QDs) have garnered a 
copious amount of research effort for not only scientific advances but also a 
range of technological applications. Particularly, controlling the hetero-shell 
deposition, which in turn determines the particle morphology is vital in 
regulating the photophysical properties and the application potential of the 
hetero-QDs. In this talk, I will present a synthesis of pyramidal shaped (i.e., 
hexagonal pyramid, HP, and hexagonal bipyramid, HBP) CdSe-CdS hetero-
QDs through a two-step shell growth method. The detailed shape evolution 
mechnism will be discussed. The resultant HP- and HBP-QDs exhibit not only 
high morphological uniformity with perfect epitaxial wurtzite crystallinity, but 
also superior optical properties at both ensemble and single particle levels. 
Moreover, the HBP-QDs have been successfully transferred into an aqueous 
solution without aggregation. High cellular uptakes associated with low 
cytotoxicity render these water-soluble HBP-QDs an excellent candidate for 
intracellular imaging and labeling. 

COLL 557 

Correlating carrier density and emergent plasmonic features in Cu2–xSe 
nanoparticles 

Jill Millstone2, jem210@pitt.edu, Lauren E. Marbella2,1, Xing Yee Gan2. (1) 
Chemistry, University of Cambridge, Cambridge, United Kingdom (2) 
Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, United States 

Recently, a wide variety of new nanoparticle compositions have been 
identified as potential plasmonic materials including earth-abundant metals 



such as aluminum, highly doped semiconductors, as well as metal pnictides. 
For semiconductor compositions, plasmonic properties may be tuned not only 
by nanoparticle size and shape, but also by charge carrier density which can 
be controlled via a variety of intrinsic and extrinsic doping strategies. Current 
methods to quantitatively determine charge carrier density primarily rely on 
interpretation of the nanoparticle extinction spectrum, as well as detailed 
knowledge of structure-dependent electronic properties, such as the dielectric 
constants of both the material and surrounding medium (which may or may 
not include particle ligands). However, this interpretation can be complicated 
by ambiguity concerning particle structure, and/or convoluted by factors such 
as particle ligands, size distribution and aggregation state. Therefore, 
alternative methods to quantify charge carrier density may be transformational 
in the development of these new materials and would facilitate previously 
inaccessible correlations between particle synthetic routes, crystallographic 
features, and emergent optoelectronic properties. Here, we report the use 
of 77Se solid state nuclear magnetic resonance (NMR) spectroscopy to 
quantitatively determine charge carrier density in a variety of Cu2–xSe 
nanoparticle compositions and correlate this charge carrier density with 
particle crystallinity and extinction features. Importantly, we show that 
significant charge carrier populations are present even in nanoparticles 
without spectroscopically discernible plasmonic features and with crystal 
structures indistinguishable from fully reduced Cu2Se. These results highlight 
the potential impact of the NMR-based carrier density measurement, 
especially in the study of plasmon emergence in these systems (i.e., at low 
dopant concentrations). 

COLL 558 

Correlations between dopants and defects in colloidal metal oxide 
nanocrystals 

Kevin R. Kittilstved, kittilstved@chem.umass.edu. Department of Chemistry, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States 

The introduction of dopant ions is the most fundamental method to impart 
functionality to a material. However, there is growing evidence that the 
chemistry and physics of defects at the nanoscale in a given material are 
different from defects present in the bulk material. We will present our recent 
efforts to compare and contrast defect electronic structures in ZnO and 
SrTiO3 colloidal nanostructures and bulk analogues. The spatial confinement 
of delocalized band wavefunctions associated with shallow defects in colloidal 
nanocrystals is demonstrated to be responsible for a range of dopant-defect 



correlations including mixed-valency and controllable modulation of electron 
spin dynamics. These results provide evidence that colloidal nanocrystals 
provide a well-defined single-domain platform to produce novel materials with 
enhanced behavior compared to their polycrystalline counterparts. 

COLL 559 

Controlled dopant migration in CdS/ZnS core/shell quantum dots 

Elan Hofman1, Richard Robinson1, Zhi-Jun Li1, Boris Dzikovski2, Weiwei 
Zheng1, wzhen104@syr.edu. (1) Chemistry, Syracuse University, Syracuse, 
New York, United States (2) Chemistry and Chemical Biology, Cornell 
University, Ithaca, New York, United States 

The physical properties of a doped quantum dot (QD) are strongly influenced 
by the dopant site inside the host lattice, which determines the host-dopant 
coupling from the overlap between the dopant and exciton wavefunctions of 
the host lattice. While several synthetic methodologies have been developed 
for introducing dopants inside the size-confined semiconductor nanocrystals, 
the controlled dopant-host lattice coupling by dopant migration is still 
unexplored. In this work, the effect of lattice mismatch of CdS/ZnS core/shell 
QDs on Mn(II) dopant behavior was studied. It was found that the dopant 
migration towards the alloyed interface of core/shell QDs is a 
thermodynamically driven process to minimize the lattice strain within the 
nanocrystals. The dopant migration rate could be represented by the 
Arrhenius equation and therefore can be controlled by the temperature and 
lattice mismatch. Furthermore, the energy transfer between host CdS QDs 
and dopants can be finely turned in a wide range by dopant migration towards 
the alloyed interface during ZnS shell passivation, which provides an efficient 
method to control both the number of the emission band and the ratio of the 
emission from host lattice and dopant ions. 

COLL 560 

Group-V chemistry of semiconductor nanocrystals 

Preston T. Snee, sneep@uic.edu, Adita Das. Chemistry, University of Illinois 
at Chicago, Chicago, Illinois, United States 

The colloidal quantum dot community has exhaustively explored cadmium 
chalcogenide nanomaterials. Unfortunately, they are not suitable for every 
application despite their size-tunable properties. The syntheses of Group 5 



pnictide semiconductor QDs are challenging and very different compared to II-
VI (i.e. CdSe) nanocrystals. This is largely due to the strong covalency of the 
crystal lattice and the fact that pnictide ions require labile ligands, high 
reaction temperatures, and long annealing times to overcome reaction 
barriers. Pnictide reagents, such as tris(trimethylsilyl) phosphine P(TMS)3, 
As(TMS)3, and Sb(TMS)3, are effective precursors; however, they are fairly 
dangerous chemicals as they have high vapor pressures and are extremely 
sensitive to air and water. Reported in this talk is the development of effective 
pnictide precursors that are significantly safer to handle as they are minimally 
air and water sensitive solid state reagents. These properties were realized 
with reagents that incorporate the bis(trimethylsilyl)amide ligand (i.e. -
N(TMS)). Ultimately, we can use them to demonstrate the synthesis of a 
variety of nanomaterials such as InAs, Cu3AsS4, Cd3As2, AgSbSe2, and 
AgBiSe2 quantum dots and rods. The reaction mechanisms that these 
reagents participate in have been elucidated with theoretical and experimental 
investigations. 

 

COLL 561 

Colloidal III-V nanocrystals: Syntheses, challenges and opportunities 

Vishwas Srivastava1, vishwas@uchicago.edu, Dmitri Talapin1,2. (1) 
Department of Chemistry, University of Chicago, Chicago, Illinois, United 
States (2) Argonne National Laboratory, Chicago, Illinois, United States 

III-V semiconductors form a major class of materials for optoelectronic and 
photovoltaic devices. Colloidal synthesis of III-V nanocrystals has made 
significant progress in recent years, especially for InP NCs. However other III-
V materials remain largely under-explored. One of the major reasons that 
limits the development of efficient synthetic protocols, specifically for arsenide 



based semiconductor nanocrystals like InAs and GaAs, is the unavailability of 
suitable precursors. We report on the development of new synthetic strategies 
for colloidal InAs and GaAs nanocrystals. A reducing agent mediated 
approach, starting with commercial precursors, produces state-of-the-art InAs 
nanocrystals in a large size range with size dependent excitonic features and 
band-edge photoluminesce. For the case of GaAs nanocrystals, their 
anomalous optical properties are explored in detail and understood through 
detailed structural characterization. This work sheds light on the role of 
structural defects in determining the optical properties of covalent 
semiconductors like GaAs. We proposed novel molten salt based approaches 
to alleviate these structural defects and show the effect of quantum 
confinemnent in GaAs crystals. 

 
 
 



 

COLL 562 

Blue-emitting multi-shell quantum dots made from ZnSe cores: 
Synthesis and application for ratiometric pH sensing 

Kimihiro Susumu1,3, susumu@ccs.nrl.navy.mil, Lauren D. Field2,4, Eunkeu 
Oh1,3, Michael Hunt1, James Delehanty2, Alan Huston1, Igor Medintz2. (1) 
Optical Sciences Division, US Naval Research Laboratory, Washington, 
District of Columbia, United States (2) Center for Bio/Molecular Science and 
Engineering, US Naval Research Laboratory, Washington, District of 
Columbia, United States (3) Sotera Defense Solutions, Columbia, Maryland, 
United States (4) Fischell Department of Bioengineering, University of 
Maryland, College Park, Maryland, United States 

We report synthesis of a series of CdxZn1-xSe/CdyZn1-yS/ZnS multi-shell 
quantum dots (QDs) with fluorescence ranging from 410 to 530 nm, their 
surface modification to prepare water-soluble blue-emitting QDs, and their use 
for ratiometric pH sensing in aqueous buffers and in extracellular 
environments. The multi-shell QDs were synthesized in hydrophobic solvents 
starting from ZnSe cores, and the fluorescence peak positions were mainly 
tuned by (i) cation exchange with cadmium ions and/or (ii) overcoating with 
CdyZn1-yS layers. The as-prepared QDs had reasonably high fluorescence 
quantum yields, narrow fluorescence band, and monodispersed semi-
spherical shapes. Ligand exchange of the as-prepared QDs with hydrophilic 
compact ligands was successfully performed to prepare water-soluble blue-
emitting QDs. The blue-emitting QDs coated with the hydrophilic compact 
ligands preserved the intrinsic photophysical properties well and showed 



excellent colloidal stability in aqueous buffers. The blue-emitting QDs with 
amine-terminated poly(ethylene glycol) ligands were further conjugated with 
fluorescein isothiocyanate (FITC) to construct a ratiometric pH sensing 
platform, and pH monitoring with the QD-FITC conjugates was demonstrated 
at pH between 3 and 7.5. Further assembly of the QD-FITC conjugates with 
oligohistidine-tagged membrane localization peptides allowed us to localize 
the QD-FITC conjugates on cellular membranes and monitor pH in 
extracellular environments. Given the fact that high quality water-soluble blue-
emitting QDs coated with compact ligands have been scarcely developed so 
far, our newly developed QDs would help expand the practical fluorescence 
tuning range of QDs for a variety of biological sensing and imaging 
applications. 

COLL 563 

Synthesis and characterization of PbS/ZnS core/shell nanocrystals 

Janice E. Boercker1, janice.boercker@nrl.navy.mil, Danielle Woodall2, 
Diogenes Placencia1, Paul D. Cunningham1, Chase Ellis1, Joseph Tischler1, 
Michael Stewart1, Todd Brintlinger1, Rhonda Stroud1. (1) Naval Research 
Laboratory, Alexandria, Virginia, United States (2) National Research Council 
Postdoc, Washington, District of Columbia, United States 

Core/shell nanocrystals are attractive for optoelectronic applications because 
they have superior properties as compared to simple core nanocrystals, such 
as improved chemical stability, increased photoluminescence quantum yield 
(QY), reduced Auger recombination rates, as well as larger Stokes shifts. In 
particular, PbS/ZnS core/shell nanocrystals are appealing because ZnS shells 
typically increase nanocrystal photoluminescence QYs and are less toxic than 
the usual CdS shells used on PbS nanocrystals. Additionally, PbS/ZnS 
core/shell particles are of scientific interest since the band alignment between 
the PbS core and the ZnS shell is currently unknown. Nevertheless, PbS/ZnS 
core/shell nanocrystals have not been previously produced due to their 
tendency to Ostwald ripen at moderate temperatures. Here we present the 
first demonstration of PbS/ZnS core/shell nanocrystals using a low 
temperature (below 80 °C) colloidal synthesis with thioacetamide and zinc 
oleate as precursors. 
 
We have characterized the PbS/ZnS core/shell nanocrystals both structurally 
and optically. Transmission electron microscopy along with energy-dispersive 
X-ray spectroscopy demonstrate that submonolayer to multiple monolayers of 
ZnS can be deposited on the PbS cores depending on the reaction conditions. 



Upon ZnS shell formation the nanocrystal absorption and photoluminescence 
peak energies both redshift and the photoluminescence QY decreases. In 
addition, time-resolved photoluminescence indicates that the PbS/ZnS 
core/shell nanocrystals of these sizes are Type I, and that non-radiative traps 
form upon shell deposition which diminish the photoluminescence QY. 
Furthermore, using X-ray diffraction we have demonstrated that the excitonic 
transitions red shift with shell formation due to the hydrostatic pressure the 
ZnS shell applies to the PbS core. Finally, we show that these PbS/ZnS 
core/shell nanocrystals can be transferred via a ligand exchange into an 
aqueous buffer solution for potential applications in biological imaging. 

COLL 564 

Continuous flow platforms for exploring growth mechanisms and ligand 
exchange reaction kinetics of colloidal quantum dots 

Yi Shen3, yishen@mit.edu, Lisi Xie3, Milad Abolhasani4,5, Moungi G. 
Bawendi1, Klavs F. Jensen2. (1) MIT, Cambridge, Massachusetts, United 
States (2) Dept of Chem Eng Rm 66 350, MIT, Cambridge, Massachusetts, 
United States (3) Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States (5) Chemical and 
Biomolecular Engineering, North Carolina State University, Raleigh, North 
Carolina, United States 

Continuous flow synthesis not only makes fabrication of colloidal quantum 
dots (QDs) highly controllable, reproducible and easily scaled up, but also 
provides an alternative screening method to batch scale synthesis for studies 
of the growth or ligand exchange mechanism of nanocrystals. We describe 
recent advances using semiconductor nanoparticles prepared in continuous 
flow systems. (1) Matrix-assisted laser desorption/ionization (MALDI) 
characterizes the growth transition between clusters and nanoparticles in the 
late-stage growth of InP QDs. MALDI and NMR studies yield a size/extinction 
coefficient calibration curve for InP QDs without any assumption on the 
particles’ density or shape. (2) Oscillatory flow reactor is used in automatically 
screening reaction conditions and studying the reaction mechanism of bi-
phasic CdSe QD ligand exchange reactions. 

COLL 565 

Click chemistry approaches to bio-inspired materials: Well-defined 
(co)polypeptides bearing pendant alkyne groups 



Wei Zhao, Yves Gnanou, Nikos Hadjichristidis, 
nikolaos.hadjichristidis@kaust.edu.sa. Physical Sciences and Engineering, 
King Abdullah University of Science and Techn, Thuwal, Saudi Arabia 

Functionalized polypeptides have attracted tremendous interest in recent 
years and found many important medical applications due to their tunable 
physico-chemical characteristics including hydrophilicity and stimuli-
responsive behavior. Many studies have focused on the synthesis of new 
side-chain modified (co)polypeptides via post-polymerization click reactions, 
taking advantage of the side clickable groups. These reactions are highly 
efficient, selective, mild and tolerant to most functional groups, for that reason 
they have been powerful tools for modification of biopolymers. 
Polypeptides bearing alkyne groups are important precursors to create new 
polypeptide materials, since the alkyne groups can undergo not only azide-
alkyne cycloaddition with a variety of fazide-bearing molecules but also thiol-
yne reactions with various thiols. Consequently, the synthesis of well-defined 
polypeptides with alkyne side-groups remains a challenge in contrast to 
polypeptides containing protected functional groups, such as poly(γ-benzyl-L-
glutamate) and poly(ε-Cbz-L-lysine), which can be only used after 
deprotection. 
Along these lines, a novel metal-free strategy, using hydrogen-bonding 
catalytic ring opening polymerization of alkyne-functionalized N-carboxy 
anhydrites of α-amino acids, was developed for the synthesis of well-defined 
polypeptides bearing pendant alkyne groups. This method provides an 
efficient way to synthesize novel alkyne-functionalized homopolypeptides (A) 
and copolypeptides, such as AB diblock (B: non-functionalized), ABA triblock 
and star-AB diblock, as well as linear and star random copolypeptides, which 
are precursors of a plethora of complex macromolecular architectures by click 
chemistry. 

 



 

COLL 566 

Bioactive nano- and microstructures from self-assembling amphiphilic 
glycopolymers 

Neil R. Cameron1,2, neil.cameron@monash.edu. (1) Dept of Materials 
Science & Engineering, Monash University, Clayton, Victoria, Australia (2) 
School of Engineering, University of Warwick, Coventry, United Kingdom 

Carbohydrates mediate many processes in biology, particularly those that 
involve contacts between surfaces (for example cell-cell and cell-virus particle 
contacts). Nature overcomes the intrinsic weakness of individual 
carbohydrate-protein (lectin) interactions by means of multivalency, of both 
the carbohydrate ligand and the lectin. Thus the preparation of multivalent, 
high-affinity carbohydrate-bearing macromolecules, including glycopolymers, 
is an attractive strategy for investigating and inhibiting such interactions, 
leading to applications in therapeutics, diagnostics, protein purification and 
other areas of biotechnology. We present our work on the development of 
biologically active, amphiphilic glycopolymers from simple monosaccharide-
containing monomers. Depending on the exact molecular characteristics of 
the polymers and the self-assembly process employed, the polymers can be 
assembled into a variety of bioactive nano- and microstructures, including 
micelles, nanoparticles and polymersomes. The presentation will discuss two 
recent projects in our lab: 1. The production of self-assembled 



glyconanoparticles for the delivery of antibiotics (‘glyconanobiotics’); and 2. 
The development of glycosylated giant polymersomes as simple minimal cell 
mimics. 

COLL 567 

Catalysis and complexity: From mechanism to function 

Valery V. Fokin, fokin@usc.edu. The Bridge@USC and The Loker 
Hydrocarbon Research Institute, University of Southern California, Los 
Angeles, California, United States 

Discovery and construction of new molecular architectures depend on the 
efficient methods for controlled and selective formation of new chemical bonds 
in complex environments. Chemical transformations that reliably introduce 
various functional groups in reaction products are required for the synthesis of 
materials with desired properties. Catalytic reactions offer unprecedented 
potential for making them useful for both laboratory and industrial preparation 
of new materials. Our studies of new catalytic processes, the insights into their 
mechanism and catalyst behavior, and the resulting applications will be 
highlighted in the presentation. 

COLL 568 

Multifunctional and responsive polymersomes through CRP and 
efficient postfunctionalization 

Brigitte Voit1,2, voit@ipfdd.de, Banu Iyisan1,2, Dietmar Appelhans1, Jens 
Gaitzsch3, Mohamed Yassin1. (1) Leibniz-Institute of Polymer Research, 
Dresden, Germany (2) Organic Chemistry of Polymers, TU Dresden, Dresden, 
Germany (3) Department of Chemistry, Univeristy of Basel, Basel, Switzerland 

Robust, multi-responsive and multifunctional nanovesicles are in high demand 
not only as cutting edge drug delivery systems and in synthetic biology, but 
also for application in microsystem devices and in nanotechnology. Here, 
responsive nanoparticles based on photocrosslinked polymersomes will be 
introduced. While pH sensitive polymersomes usually disassemble upon 
acidification, ours show a definite swelling, since the cross-linked membrane 
remains intact and allow pH-dependent diffusion of small molecules through 
the membrane. By coassembly of specifically end-functionalized block 
copolymers and making use of efficient post-functionalization by e.g. click 
chemistry, heterofunctionalization of the polymersomes on their surface is 



possible. Thus targeting groups could be introduced into the polymersome 
membrane which allows using our pH-responsive polymersomes for specific 
cell targeting and pH induced drug release. Furthermore, multifunctional, pH-
responsive and photo-crosslinked polymersomes decorated with adamantane 
and azide groups have been prepared and were used for the subsequent 
post-modification of the polymersome surface by using covalent and non-
covalent approaches. Thus nitroveratryloxycarbonyl protected amine (NVOC) 
molecules as photoactive moieties have been introduced through azide-
alkyne click reaction to provide light controllable surface functionalization with 
amines. The non-covalent approach was carried out subsequently to 
introduce further moieties making use of the strong adamantane-cyclodextrin 
host-guest interaction processes. Overall, the tunable membrane permeability 
combined with the potential for introducing light-induced as well as specific 
non-covalent conjugation sites make these smart polymersomes promising 
nanocontainers for many applications. 

 

COLL 569 

Amphiphilic polysaccharide block copolymers for nanoparticulate drug 
delivery 

Benjamin Breitenbach, Peter R. Wich, peterwich@gmail.com. Institute of 
Pharmacy and Biochemistry, Johannes Gutenberg-University Mainz, Mainz, 
Germany 

Polysaccharides represent an interesting class of natural polymers and have a 
remarkable versatility as multifunctional materials for therapeutic applications. 



They come in many different sizes, can be easily modified with the toolkit of 
bioorganic chemistry and are particularly attractive because of their 
degradability and biocompatibility. 
 
In this work, we present a click-chemistry approach to link two dextran 
macromolecules resulting in an amphiphilic block copolymer. We discuss the 
challenges of efficient chain-end modification and the application of copper-
mediated azide-alkyne click chemistry. The resulting modified biopolymer can 
self-assemble into sub 100 nm-sized micellar structures and can stabilize 
hydrophobic drugs. Due to the pH-sensitivity of one of the blocks, the 
nanoparticles can rapidly disintegrate under mildly acidic conditions including 
those found in sites of inflammation, tumor tissue, or endocytic vesicles. Upon 
hydrolytic degradation, the material reverts to its natural polysaccharide 
structure without the generation of acidic by-products that could damage the 
encapsulated payload or lead to inflammation, as has been observed with 
some other commonly used polymer systems. 
 
Since both the material and the nanostructures show low toxicity and high 
biodegradability, we envision the material an ideal platform for a wide range of 
therapeutic applications including immunotherapy and targeted drug delivery. 

COLL 570 

Soft materials for catalysis and encapsulation: From micelles to 
complex macromolecular architectures 

Valentin O. Rodionov, 3plus2@gmail.com. PSE/KCC, King Abdullah 
University of Science and Technology, Rockville, Maryland, United States 

Nature's enzymes are extremely efficient catalysts. Their remarkable 
properties result from precise preorganization of the local solvent environment 
and functional groups around the catalytic sites, and close participation of 
metal ions, prosthetic groups, and cofactors. De novo design of functional 
proteins is still out of reach of modern chemistry, to a significant extent due to 
the complexity of the problem of protein folding. However, the globular 
structures and nanoscale dimensions of natural biopolymers provide useful 
boundary conditions for the rational design of enzyme mimics. The functional 
group tolerance and efficiency of “click” chemistry provided us with easy 
access to a broad range of enzyme-inspired macromolecules and functional 
surfactant assemblies rationally designed to broadly approximate some of the 
unique features of biopolymers. The catalytic activity and selective mass 



transfer ability of such systems are often unattainable with traditional 
homogeneous or heterogeneous catalysts. 

COLL 571 

Hybrid materials based on plasmonic gold nanostars as alternative 
imaging probes 

Dorleta Jimenez de Aberasturi1,2, djimenezdeaberasturi@cicbiomagune.es, 
Malte S. Strozyk1,3, Judith Langer1,2, Malou Henriksen-Lacey1,2, Javier 
Reguera1,4, Luis Liz Marzan1,4. (1) Bionanoplasmonics Lab, CICbiomaGUNE, 
Donostia-San Sebastian, Gipuzkoa, Spain (2) Biomedical Research 
Networking Center in Bioengineering Biomaterials and Nanomedicine, Ciber-
BBN, Donostia-San Sebastián, Gipuzkoa, Spain (3) Department of Chemistry, 
University of Liverpool, Liverpool, United Kingdom (4) Ikerbasque, Basque 
Foundation for Science, Bilbao, Bizkaia, Spain 

Multimodal imaging as a diagnostic tool offer a synergistic improvement over 
single imaging modality. The fine control of colloidal particles synthesis with 
very accurate sizes and shapes has impacted on the variety of available 
multimodal imaging probes. Inorganic nanoparticles offer great advantages to 
the field, specifically, plasmonic nanoparticles which can be key building 
blocks with unique features that allow exploitation of light-matter interactions. 
Anisotropic gold nanoparticles absorbing around 800 nm, where tissue 
displays reduced absorption and, in turn, increased penetration depth are the 
best candidates. In case these gold particles are labeled with a raman active 
molecule and present a strong and stable surface enhanced raman 
spectroscopic (SERS) signal over time, they can be suitable for SERS 
imaging. If they are wrapped with a biocompatible polymer that provides them 
stability and protection, they can also be used for biological applications. For 
example, they can be useful as a discrimination tool of different types of 
cancer cells in cell co-cultures containing up to five different cells applying 
multiplexed SERS imaging. 
Additionally, hybrid materials can be prepared embedding these SERS 
encoded stars within the poly(lactic-co-glycolic acid) matrix of polymeric 
structures (particles and fibers), when prepared via electrohydrodynamic co-
jetting process. This way, 3D-SERS imaging can be used to monitor the 
distribution of the particles inside the polymer. Promising applications for 3D 
SERS imaging would be for example related to monitoring scaffolds, so as to 
control their degradation over time. 
Finally, more advanced hybrid materials can be prepared including two 
different inorganic materials. For example gold nanostars can be combined 



with other materials such as iron oxide to obtain different imaging modalities. 
In this context, we have prepared gold/iron oxide Janus magneto-plasmonic 
“nanooctopuses” as highly versatile nanoprobes for multimodal imaging. The 
nanoparticles are characterized as contrast agents for different imaging 
techniques, including, X-ray computed tomography (CT), T2-weighthed 
nuclear magnetic imaging (MRI), photoacoustic imaging (PA), dark field and 
bright field optical microscopy, transmission electron microscopy (TEM), and 
SERS. 
We present three different examples where inorganic colloidal particles are 
used as alternative imaging probes which clearly offer new opportunities for 
future applications in the field. 

COLL 572 

Next-generation in vivo optical imaging with short-wave infrared 
quantum dots 

Oliver Bruns, obruns@mit.edu, Thomas Bischof, Daniel Franke, Jessica 
Carr, Moungi G. Bawendi. Chemistry, MIT, Cambridge, Massachusetts, 
United States 

For in vivo imaging, the short-wavelength infrared region (SWIR; 1000–2000 
nm) provides several advantages over the visible and near-infrared regions: 
general lack of autofluorescence, low light absorption by blood and tissue, and 
reduced scattering. However, the lack of versatile and functional SWIR 
emitters has prevented the general adoption of SWIR imaging by the 
biomedical research community. Here, we introduce a class of high-quality 
SWIR-emissive indium-arsenide-based quantum dots (QDs) that are readily 
modifiable for various functional imaging applications, and that exhibit narrow 
and size-tunable emission and a dramatically higher emission quantum yield 
than previously described SWIR probes. To demonstrate the unprecedented 
combination of deep penetration, high spatial resolution, multicolor imaging 
and fast-acquisition-speed afforded by the SWIR QDs, we quantified, in mice, 
the metabolic turnover rates of lipoproteins in several organs simultaneously 
and in real time as 
well as heartbeat and breathing rates in awake and unrestrained animals, and 
generated detailed three-dimensional quantitative flow maps of the mouse 
brain vasculature. 

 



 
Figure 1: Short-wave infrared quantum dots for next generation in vivo optical 
imaging 
A schematic overview of the synthesis of core/shell and core/shell/shell SWIR 
quantum dots and the subsequent functionalization for next generation imaging 
applications is shown. InAs QDs are synthesized via continuous injection approach 
which allows for improved nanocrystal growth over long time at high reaction 
temperatures. Subsequently InAs core QDs are overcoated with various shell 
materials to allow for a further red-shift and fine-tuning of the emission. The class of 
synthesized core-shell (CS) and core-shell-shell (CSS) QDs are then functionalized 
via three distinct surface coatings that tailor the physiological properties for specific 
SWIR imaging applications. 

COLL 573 

Nanoparticle interactions with proteins 



Francesco Stellacci, francesco.stellacci@epfl.ch. Institute of Materials, 
EPFL, Lausanne, Switzerland 

In this talk I will present a series of studies that will try to establish analytical 
ultracentrifugation as a tool for the chanracterization of the interaction of 
monodisperse nanoparticles sample with specific proteins. The precise 
characterization of the protein-nanoparticle interactions will be completement 
by novel approaches to the characterization of the nanoparticles ligand shell. 

COLL 574 

Polymer amphiphile stabilized hydrophobic silica nanoparticles for 
acoustic imaging and site-specific therapy 

Andrew P. Goodwin, andrew.goodwin@colorado.edu. Univ Colorado 
Boulder, Boulder, Colorado, United States 

Ultrasound is widely applied in medical diagnosis and therapy due to its 
safety, high penetration depth, and low cost. In order to improve the contrast 
of sonographs and efficiency of ultrasound therapy, echogenic gas bodies or 
droplets (with diameters from 200 nm to 10 µm) are often used. However, 
because their inherent Laplace pressure limits both size and stability these 
fluid-filled colloids, they are not stable in circulation and have difficulty 
penetrating effectively into target tissues. Here we will present our work 
designing silica nanoparticles of ~100 nm with specifically-tailored surfaces 
that can nucleate the formation of ultrasound-responsive microbubbles under 
reduced acoustic pressures. This talk will discuss three aspects of this work. 
First, a comprehensive study was undertaken to determine the effect of 
structure on bubble nucleation and cavitation. A series of mesoporous silica 
nanoparticles were synthesized with sizes around 100 nm, each containing 
different morphologies. From these studies, the effects of nanoparticle 
porosity, surface roughness, hydrophobicity, and hydrophilic surface 
modification on acoustic cavitation inception by porous nanoparticles were 
determined. Second, particles with a hexagonal, small pore morphology were 
utilized for imaging in complex media while resisting protein fouling. Because 
the combination of surface roughness and hydrophobicity was necessary for 
nucleating bubble cavitation, proteins such as albumin adhering to the surface 
of the nanoparticle would be expected to quench signal entirely. The 
nanoparticles were found to provide effective image contrast even in whole 
blood and long-term storage. Finally, the therapeutic efficacy of the particles 
was determined by utilizing a phospholipid monolayer that was functionalized 
with PEG-lipid. The nanoparticles were uptaken into cancer cells by receptor-



mediated endocytosis, and the cells with uptaken particles were killed 
selectively under HIFU insonation, as compared to cells without nanoparticles. 
Thus, these studies show how small nanoparticles can sensitize both bubble 
formation and cell death, thus overcoming the inherent Laplace limit found 
with fluid-filled particles. 

COLL 575 

Gas-filled microbubbles as contrast agents for targeted (molecular) 
imaging 

Sunil Unnikrishnan3, Zhongmin Du2, Galina B. Diakova2, Alexander L. 
Klibanov1,2, sklib1@gmail.com. (1) Department of Medicine (Cardiovascular 
Division), University of Virginia, Charlottesville, Virginia, United States (2) 
Cardiovascular Research Center, University of Virginia, Charlottesville, 
Virginia, United States (3) Biomedical Engineering, University of Virginia, 
Charlottesville, Virginia, United States 

Gas-filled microbubbles are now in use as intravascular contrast agents for 
ultrasound medical imaging. Microbubbles are prepared from water-insoluble 
fluorinated gases, (e.g., perfluorocarbons), and stabilized with a thin shell 
made of protein, polymer, and/or lipid. Most popular are lipid and lipopolymer 
formulations, stabilized with a monomolecular lipid shell, often also coated 
with a PEG brush. Thin shell allows compression and expansion of gas 
bubbles in the ultrasound field and efficient scattering of ultrasound. Thus 
bubbles can be detected even at low acoustic pressure, without destruction. 
Contrast-specific ultrasound imaging sequences allow detection of individual 
microbubbles (with the mass under a picogram) in the bloodstream, in real 
time, centimeters deep in the body. 
For targeting of microbubbles they can be decorated with receptor-specific 
antibodies or other targeting ligands (proteins, peptides/mimetics, 
carbohydrates) directed towards disease biomarkers. Due to microbubble size 
(micrometer range), they do not extravasate, so this imaging modality is 
limited to the detection of the biomarkers within the vascular bed, i.e., vascular 
endothelium-specific. 
We have investigated several options of microbubble preparation and 
targeting ligand attachment, to decorate microbubbles with targeting ligands, 
via a long flexible PEG spacer arm, from tens of thousands up to several 
million ligand molecules per bubble. Targeting ligands can be attached to the 
pre-formed bubbles via biotin-streptavidin link, or covalently, via a PEG spacer 
arm, to a lipid anchor embedded in a bubble shell. Alternatively, lipid can be 
first covalently attached to the ligand, resulting conjugate admixed to the lipids 



that form the bubble shell, and bubbles prepared by sonication or high-shear 
mixing. High surface density of targeting ligand on the microbubble surface 
ensures high targeting avidity and efficient adhesion of microbubbles to the 
target surfaces, even for the ligands with modest individual affinity, via a 
cooperative multipoint interaction. We have successfully tested these systems 
for targeted imaging of tumor vasculature in a murine model (VCAM-1, 
alphaVbeta3, neuropilin etc) and inflammatory markers (e.g., murine 
atherosclerosis models). Drug delivery with microbubble-liposome constructs 
for localized ultrasound-triggered tumor therapy is also feasible. 
Overall, targeted imaging with microbubble contrast agents is a useful 
technique close to clinical use. 

COLL 576 

Multicompartment microreactors with preserved intracellular activity: A 
step towards the creation of artificial organelles 

Maria Godoy-Gallardo, Cedric Labay, Vasileios D. Trikalitis, Michelle M. 
Jansman, Pramod K. Ek, Paul J. Kempen, Jannik B. Larsen, Thomas L. 
Andresen, Leticia Hosta-Rigau, leri@nanotech.dtu.dk. DTU Nanotech, 
Technical University of Denmark (DTU), Lyngby, Copenhagen, Denmark 

Cell organelles are subcellular structures entrapping a set of enzymes to 
achieve a specific functionality. They conduct chemical reactions in which one 
metabolite is transformed through a series of steps into another metabolite by 
a sequence of enzymes. 
The creation of “cell implants” in the form of artificial organelles can contribute 
to the treatment of various cell disorders by substituting for missing or lost 
activity. Specifically, artificial organelles are expected to be a powerful tool for 
enzyme replacement therapy, since enzymatic malfunction is the primary 
cause of organelle dysfunction. 
Few carriers have demonstrated the potential to conduct enzymatic reactions 
inside cells; however this reported artificial organelles are based on single-
compartment carriers and is noted that, in nature, cell organelles consist of 
multicompartment architectures where enzymatic reactions are executed 
within separated sub-compartments. 
Herein, we advance the concept of artificial organelles by reporting a 
multicompartment carrier able to conduct an enzymatic cascade inside a cell. 
In particular, we report the assembly of a microreactor consisting of polymer 
capsules entrapping gold nanoclusters (AuNCs) and liposomes as sub-
compartments. While the liposomes serve as reservoirs to protect and 
encapsulate fragile biomolecules such as enzymes, the polymer carrier 



provides the structural integrity and by means of its semipermeable nature 
allows for the diffusion of substrates and products. The fluorescence 
properties of AuNCs are employed to monitor the artificial organelles uptake 
by the host cell line. 
We demonstrate preservation of functionality by encapsulating two different 
enzymes within distinct liposomal compartments of artificial organelle and 
conducting a model enzymatic reaction intracellularly. Furthermore, these 
novel artificial organelles are able to perform multiple rounds of enzymatic 
cascade reactions, thus converting the substrate in a sustained manner, a 
crucial feature for artificial organelles which are to perform for an extended 
period of time. 

COLL 577 

Thermo-sensitive dye laden polymer nanosheets for ratiometric 
temperature mapping of living muscle tissues 

Toshinori Fujie1,2, toshi.fujie@gmail.com, Takuya Miyagawa3, Ferdinandus 
Ferdinandus4, Vo Doan Tat Thang4, Hirotaka Sato4, Shinji Takeoka3. (1) 
Waseda Institute for Advanced Study, Waseda University, Tokyo, Japan (2) 
PRESTO, Japan Science and Technology Agency, Saitama, Japan (3) 
Graduate School of Advanced Science and Engineering, Waseda University, 
Tokyo, Japan (4) School of Mechanical & Aerospace Engineering, Nanyang 
Technological University, Singapore, Singapore 

Towards the understanding of biological system at different scales (cell, tissue 
and organ), much attention has been paid for the development of bioimaging 
tools. Such tools should be compatible to physical and mechanical properties 
of living organisms. In this study, we report a micro-thermography, 
temperature mapping with high spatial resolution, using luminescent 
molecules embedded in the ultra-thin polymeric films (referred to as 
nanosheets), which allowed for mapping out and visualizing temperature shift 
of muscular activity in a small living animal (Figure 1). We prepared ultra-
flexible and self-adhesive thermosensor consisting of bilayered nanosheets 
loading thermo-sensitive (Eu-tris (dinaphthoylmethane)-bis-trioctylphosphine 
oxide: EuDT) and insensitive (Rhodamine 800) dyes, respectively. The 
bilayered luminescent nanosheets allowed for the ratiometric thermometry, 
with which the undesired luminescence-intensity-shift due to focal drift or 
animal’s z-axis displacement was eliminated, resulting in the desired intensity-
shift due to the temperature shift of the living muscle. We also achieved the 
video-filming of chronological change in temperature-shift distribution from the 
rest state to the active state of the living muscle tissue. The polymer 



nanosheet with in vivo micro-thermography is a promising technology to 
microscopically investigate heat production and/or transfer in living cells, 
tissues and organisms with high spatial resolution. 

 
 
Figure 1. (a) A bright-field image of Dicronorrhina derbyana beetle (a black dashed 
line: DLM), (b) the magnified image of DLM covered with the thermo-sensitive 
nanosheet (a white dashed line), and (c) temperature mapping of DLM with the 
thermo-sensitive dye laden nanosheet. 

COLL 578 

Thermodynamic influence of structure-directing agents in shape-
controlled nanocrystal syntheses 

Xin Qi1, xzq103@psu.edu, Kristen A. Fichthorn2. (1) Chemical Engineering, 
Penn State, State College, Pennsylvania, United States (2) Pennsylvania 
State Univ, University Park, Pennsylvania, United States 

Structure-directing agents (SDAs) are acknowledged as key chemical 
additives that guide morphology evolution in shape-controlled colloidal 
nanocrystal syntheses – though little is known regarding how they function. To 
decipher their enigmatic function, we investigate the hypothesis that SDAs 
can alter the interfacial free energies γsl between various crystal facets and 
the liquid environment, such that equilibrium structures of SDA-covered 
crystals are different from those of the “bare” crystals in vacuum. While it is 
still challenging to measure facet-specific γsl in experiments, computational 
tools have made it possible to resolve anisotropy in γsl through atomistic scale 
simulations. To accommodate the complex nature of the colloidal systems, we 
introduced a molecular dynamics (MD)-based multi-scheme thermodynamic 
integration (TI) method to obtain γsl for multi- component molecular systems 
described by complex force fields. Using this method, we calculate γsl for 



Ag(100) and Ag(111) facets with adsorbed polyvinylpyrrolidone (PVP) in 
ethylene glycol (EG) solution, to mimic a common solution-phase synthesis 
route for Ag nanocrystals. We find that, although PVP has a preferred binding 
to Ag(100), its energetic selectivity is not sufficient to achieve commonly 
observed {100}-faceted structures, such as Ag nanocubes, under the 
framework of the Wulff construction. Instead, we observe truncated octahedra, 
similar to those preferred for bare Ag crystals. In probing the characteristics of 
SDAs with an effective thermodynamic influence, we construct model SDAs 
using Lennard-Jones (LJ) particles, we vary their interaction with Ag surfaces, 
and calculate γsl for each interaction. Following the Wulff construction, we 
generate an equilibrium shape map as a function of the zero-temperature 
binding energy. The map reveals that a strong energetic facet selectivity is 
required to induce a significant thermodynamic shape change, an example of 
which could be citric acid-facilitated Ag octahedron formation, whereas a 
subtle energetic facet preference, such as that exhibited by PVP, is not 
adequate to shift the thermodynamic equilibrium shape significantly from that 
of the bare crystal. 

COLL 579 

Synthesis of Ag/Au/AgCl nanocubic metal-semiconductor composite via 
co-reduction method 

Jangho Joo, Joojangho@gmail.com, Jae-Seung Lee. Materials Science and 
Engineering, Korea University, Seoul, Korea (the Republic of) 

We develop a novel co-reduction method for the synthesis of silver/gold/silver 
chloride (Ag/Au/AgCl) nanocubic photocatalysts that consist of core-AgCl 
nanocubes (AgClNCs) surrounded by Au nanoparticles incorporated in 
continuous Ag mesh matrix, and demonstrate their environmental applications 
as excellent photocatalytic decontaminants. The synthesis involves the 
aqueous synthesis of the AgClNCs using gold chloride, silver precursors and 
polymeric materials, and their subsequent co-reduction in one-pot. The 
resultant Ag/Au/AgCl nanocubes (rAgClNCs) are highly monodispersed, 
approximately 100 nm in size, and composed of six panels consisting of 
discontinuous Au nanoparticles in continuous Ag mesh matrix. This synthetic 
strategy is highly advantageous because it is rapid and reproducible, and 
requires mild conditions. In order to confirm the elemental components of the 
synthesized nanostructures, X-ray powder diffraction analysis is carried out for 
the AgClNCs and the rAgClNCs before and after the removal of the core 
AgClNC templates. Interestingly, it is clearly demonstrated that once the 
AgClNCs are formed, their surface and remaining metallic precursors are co-



reduced to form the rAgClNCs, which results in only the metallic Au/Ag 
nanoboxes after the removal of the AgClNCs. Furthermore, the 
aforementioned three types of nanomaterials are analyzed using high-
resolution transmission electron microscopy and scanning electron 
microscopy for the investigation of their size changes, monodispersity, and 
crystallinity. The elemental distribution of Au and Ag in the panel of 
the rAgClNCs is observed by energy-dispersive X-ray spectroscopy, showing 
that the panels of the rAgClNCs are not atomically alloyed, but are composed 
of dispersed Au nanoparticles that are interconnected by continuous Ag mesh 
matrix. Finally, we demonstrate that rAgClNCs are highly efficient 
photocatalysts for the degradation of environmentally harmful organic dyes 
and for the reduction of biologically toxic hexavalent chromium ion (Cr6+) to 
trivalent chromium ion (Cr3+). It is noteworthy that the rAgClNCs exhibit much 
higher catalytic activities than commercially available TiO2 photocatalysts do 
under visible light irradiation. As an example of the practical application, we 
demonstrate that the rAgClNCs can efficiently reduce Cr6+ into Cr3+existing in 
natural water obtained from Han River, Seoul, South Korea. 

COLL 580 

Synthesis and stabilization of ultrasmall-metal nanoparticles (Ni, Co, Cu) 
within a polymer matrix via a one-step aerosol spray pyrolysis 

Yong Yang1, kyyoung@umd.edu, Michelangelo Romano2, Michael R. 
Zachariah1,3. (1) Department of Chemical and Biomolecular Engineering, 
University of Maryland, College Park, Maryland, United States (2) Department 
of Materials Science and Engineering, University of Maryland, College Park, 
Maryland, United States (3) Department of Chemistry, University of Maryland, 
College Park, Maryland, United States 

Ultra-small Metal nanoparticles exhibiting enhanced properties are inherently 
unstable because of their high specific surface area. This work investigates 
how the undesirable agglomeration of these nanostructures can be 
circumvented by incorporating them into a polymer matrix. Using one-step 
aerosol spray pyrolysis, Ni, Co and Cu nanoparticles less than 10 nm in 
diameter have been synthesized by growing and trapping them within 
polyvinylpyrollidone matrix. Experimental process variables such as the 
polymer’s chain length, the temperature of the tube furnace reactor, and the 
metal salt concentration used within the precursor solution have been studied 
to understand which parameters govern nanoparticle formation and growth. 
Having analyzed the correlations that exist between these parameters and the 
size distribution of Ni nanoparticles, a qualitative model is proposed that 



identifies which primary mechanisms underlie the formation of metal 
nanoparticles within a polymer matrix. 

COLL 581 

Controllable synthesis of triangular and circular gold nanorings 

Xiaoying Lin2, linxiaoying725@gmail.com, Zhihong Nie1. (1) Chemistry and 
BIochemistry, University of Maryland, College Park, Maryland, United States 
(2) Chemistry, University of Maryland, College Park, College Park, Maryland, 
United States 

Triangular and circular gold nanorings are synthesized with tunable edge 
length/diameter, rigde thickness, and surface roughness through a wet 
chemistry strategy. Triangular and rounded Ag nanoplates are prepared in 
variuos sizes as sacrificial templates for Au epitaxial growth. Thin Au 
nanorings are used as seeds for the fabrication of Au nanorings with thicker 
ridge and/or rougher surface through additional deposition of Au. To evaluate 
the electromagnetic enhancement, triangular and circular Au nanorings with 
different thickness and roughness are prepared as substrates for SERS 
detection of 4-MBA. The enhancement factor of rough triangular Au nanorings 
is estimated to be 8.6×106. The Au nanorings also show tunablility in LSPR 
peaks, which opens avenue to potential optical,catalytic, and biomedical 
applications. 

 
 
 



 

COLL 582 

Synthesis of core@shell nanostructures in a continuous flow droplet 
reactor: Controlling structure through relative flow rates 

Joshua S. Santana, jssantan@indiana.edu, Kallum M. Koczkur, Sara E. 
Skrabalak. Chemistry, Indiana University, Bloomington, Indiana, United States 

Droplet-based reactors for nanoparticles are receiving attention due to their 
ability to maintain thermal and compositional equilibrium within and between 



droplets, enabling flow operations for inline analyses and the scale-up of 
nanomaterial syntheses. This presentation will show the syntheses of shape-
controlled core@shell nanostructures with variable shell thicknesses through 
control of the relative flow rates of reagents within a microreactor. Specifically, 
Pd shells can be grown on cubic or octahedral Au seeds. In batch reactions, 
shell thickness is determined by precursor concentration; however, as 
presented here, precursor feedstock concentration can be held constant, with 
the precursor concentration within the droplets being controlled through 
relative flow rates. This approach allows process conditions to be modified 
inline, rather than from batch to batch, to achieve particles with different shell 
thicknesses, and this procedure should be applicable to other multicomponent 
systems. 

COLL 583 

Synthesis of porous Ti4O7 nanoparticles as high-efficiency polysulfide 
mediator for lithium-sulfur batteries 

Shilin Mei1, Charl J. Jafta1, Matthias M. Ballauff1,3, Yan Lu1,2, 
yan.lu@helmholtz-berlin.de. (1) Helmholtz-Zentrum Berlin, Berlin, Germany 
(2) Institute of Chemistry, University of Potsdam, Potsdam, Germany (3) 
Humboldt University Berlin, Berlin, Germany 

Ti4O7 is a member of the TinO2n-1 Magnéli phases, which contains polar O-Ti-
O units that have a high affinity for polysulfide. Generally, Ti4O7 has been 
synthesized by thermal reduction of TiO2 at about 1000 °C with inert gas and 
carbon, which results in the arbitrary growth of the particles, making it difficult 
to precisely control the porous structures of the particles. 
In the present study, we have synthesized multifunctional Ti4O7 particles with 
interconnected-pores structure by using porous PS-P2VP particles as 
template which can work efficiently as sulfur-host material for lithium-sulfur 
batteries. Titanium isopropoxide (TIP) has been used as precursor which can 
coordinate to the surface of the PS-P2VP template. TIP can be quickly 
hydrolyzed into TiO2, which will transform to Ti4O7 nanoparticles by a 
consequent thermal reduction at 900 °C in argon atmosphere. The PS-P2VP 
templates can be burnt out, resulting in interconnected pores inside the 
nanoparticles as shown in Fig.1. The porous Ti4O7 particles obtained here are 
easily redispersed in ethanol even after the calcination. More importantly, the 
well-defined porous Ti4O7 particles exhibit interconnected pores in the interior 
and high surface area of 592 m2g−1, which not only show the advantage of 
mesopores for encapsulating of sulfur, but also provide polar surface for 
chemically binding with polysulfides to suppress their dissolution. The porous 



Ti4O7particles show significantly improved electrochemical performances as 
cathode material for Li-S batteries as compared with that of TiO2 particles. 

 
 
Photos and TEM images of the porous PS-P2VP particles (a-c), TiO2@PS-P2VP 
particles (d-f), and Ti4O7 particles (g-i) dispersed in ethanol. 

COLL 584 

Molecular surgery on a 23-gold-atom nanoparticle 

Qi Li2, li1@andrew.cmu.edu, Rongchao Jin1. (1) Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (2) Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States 

Compared to molecular chemistry, nanochemistry is still far from being 
capable of atomic-level tailoring of particle structure and functionality. 
Numerous effective methodologies have been developed which can precisely 
tailor specific groups in organic molecules without altering the major carbon 
bones, but for nanoparticles, it is still extremely difficult to realize the atomic-
level tailoring of specific sites in a particle 
without changing the structure of other parts (for example, replacing specific 
surface motifs, deleting one or two metal atoms, etc.). This issue severely 
hampers nanochemists to know how different motifs in a nanoparticle 



contribute to its overall properties. Herein, we demonstrate a site-specific 
"surgery" on the surface motif of an atomically precise 23-gold-atom 
[Au23(SR)16]- nanoparticle by a two-step metalexchange 
method, which leads to the "resection" of two surface gold atoms and 
formation of a new 21-gold-atom nanoparticle: 
[Au21(SR)12(Ph2PCH2PPh2)2]+ without changing the other parts of the 
starting nanoparticle structure. This precise "surgery" of the nanocluster 
reveals the different reactivity of the surface motifs and the inner core, the 
least effect of surface motifs on the optical absorption while a distinct effect on 
the photoluminescence (i.e. a ten-fold enhancement of luminescence after the 
tailoring). First principles calculations further reveal the thermodynamically 
preferred reaction pathway for the formation of 
[Au21(SR)12(Ph2PCH2PPh2)2]+. This work constitutes a major step toward 
the development of atomically precise, versatile nanochemistry for precise 
tailoring of the nanocluster structure for controlling the properties. 

 
 



COLL 585 

Safer, high quality, Cd-free quantum dots- new and improved InP-based 
quantum dots with excellent optical properties as a viable alternative to 
Cd-containing quantum dots 

Richard P. Brown, rbrown6@umbc.edu, Zeev Rosenzweig. Chemistry, 
University of Maryland Baltimore County, Bel Air, Maryland, United States 

Quantum dots (QD’s) show great promise as robust bioimaging agents. Their 
size-tunable, narrow emission peaks along with strong extinction coefficients 
and high photoluminescent quantum yields (QYPL) make them an excellent 
option for imaging experiments that require multiple fluorophores with long 
exposure times. To date, the most highly developed quantum dot material is 
based on the II-VI material CdSe/ZnS. These possess all the optical 
properties that make QD’s attractive for bioimaging. There is a great push, 
however, to replace this material due to concerns over toxicity of Cd2+. One 
alternative to CdSe/ZnS is based on the semiconductor material InP. 
Unfortunately, producing high quality QD’s with narrow emission and high 
QYPL of the III-V materials has been more difficult than with the II-VI materials. 
We will present out progress towards making InP-based nanocrystals with 
improved QYPL and emission peak widths. 

 

COLL 586 

Synthesis of near-infrared light absorbing ag nanoplates through 
multiple seed-mediated steps 

Assad Ullah Khan1, Joseph Krause1, Zhengping Zhou1, Guoliang Liu2, 
gliu1@vt.edu. (1) Department of Chemistry, Virginia Tech, Blacksburg, 
Virginia, United States (2) Department of Chemistry, Academy of Integrated 



Science in Nanoscience and Macromolecules Innovation Institute, Virginia 
Tech, Blacksburg, Virginia, United States 

We have synthesized Ag nanoplates with strong absorption in the near-
infrared region (NIR) using a modification of the seed-mediated method. Ag 
nanoplate seeds having in-plane dipole plasmonic peaks in the range of 550 – 
800 nm were used to grow nanoplates with in-plane dipole plasmonic peaks 
resonating in NIR from 800 to 1660 nm. We investigated the role of citrate as 
capping agent for Ag nanoplate seeds and its effect on the growth rate. The 
structural morphologies and the in-plane dipole resonance plasmonic peaks 
were characterized by transmission electron microscopy (TEM) and UV-
Visible-NIR spectroscopy, respectively. These results demnostrated that the 
nanoplates had the {111} surface atomically flat. Through this method, we are 
able to synthesize Ag nanoplates with lateral dimensions from 100 to 600 nm. 
Importantly, compared to the existing photoinduced methods, our approach is 
simple and fast and does not require any post-synthesis purification 
processes. In addition, these plasmonic Ag nanoplates resonating in the NIR 
have potential applications in biological systems, communication devices, and 
glass coatings. 

COLL 587 

Spectroscopic determination of electronic and structural properties in 
colloidally synthesized tin chalcogenide nanomaterials 

Adam J. Biacchi1, adam.biacchi@nist.gov, Brian G. Alberding2, Son T. Le1, 
Joseph A. Hagmann1, Sugata Chowdhury1, Sujitra Pookpanratana1, Curt A. 
Richter1, Edwin J. Heilweil1, Angela R. Hight Walker1. (1) Engineering Physics 
Division, National Institute of Standards and Technology (NIST), 
Gaithersburg, Maryland, United States (2) Sensor Science Division, National 
Institute of Standards and Technology (NIST), Gaithersburg, Maryland, United 
States 

Solution routes afford an economical and scalable means of manufacturing 
nanoscale electronic materials. In particular, the solution synthesis of 0D 
nanoscale semiconductors has proven effective in producing size-, shape-, 
and composition-controlled particles that are now incorporated into 
commercial electronics. Solution routes to monodisperse 1D and 2D 
semiconductor structures have also been developed; these provide an easily 
processable and cost-efficient synthetic alternative to more commonplace 
exfoliation and gas-phase deposition techniques. However, the integration of 
solution-synthesized materials into nanoelectronic devices has been 



hampered by inherent difficulties in thoroughly characterizing them and a poor 
understanding of the processing steps necessary for incorporation of colloidal 
crystals. Here we present the synthesis of 0D, 1D, and 2D nanoscale tin 
chalcogenide semiconductors and a thorough spectroscopic investigation of 
the inherent structural and electronic properties of individual crystals. First, we 
detail the development of bottom-up, solution-based synthetic approaches to 
produce nearly-monodisperse colloidal crystals of varying size and 
morphology. We then employ a variety of spectroscopies, ranging across the 
electromagnetic spectrum from X-ray to terahertz, to probe the 
crystallographic and electronic structure of the crystals, as well as free carrier 
mobility. These studies allow us to develop structure-property relationships 
among colloidal nanomaterials when considering variances in measured band 
energies, interatomic vibrations, oxidation states, conductivity, and charge 
carrier mobility. 

COLL 588 

Aqueous interfaces investigated under ambient conditions by XPS 

Hendrik Bluhm, hbluhm@lbl.gov. Lawrence Berkeley National Laboratory, 
Berkeley, California, United States 

Aqueous interfaces are ubiquitous in technological applications and in the 
environment and govern numerous important phenomena, including 
corrosion, photoelectrochemical splitting of water, weathering of rocks, cloud 
droplet nucleation, the concentration of trace gases in polar regions, and 
thundercloud electrification. A detailed understanding of these processes 
requires the investigation of aqueous interfaces with chemical sensitivity and 
interface specificity under ambient conditions, i.e., temperatures above 200 K 
and water vapour pressures in the milliTorr to tens of Torr pressure range. 
Ambient pressure X-ray photoelectron spectroscopy is an excellent method to 
probe the heterogeneous chemistry of these interfaces and has been applied 
to a number of different aqueous interfaces, including ultrathin water films on 
metals and oxides, bulk liquid/solid interfaces, the surface of aqueous 
solutions in the presence of the equilibrium vapour pressure as well as trace 
gases, and the surface of ice, which at temperatures close to the melting point 
is covered by a thin liquid-like layer. The challenge for XPS experiments on 
aqueous interfaces under ambient conditions is not only the elevated pressure 
at which these experiments have to be carried out, but equally so the 
preparation of clean, well controlled aqueous samples with high cleanliness 
and reproducibility. In this talk we will review the progress that has been made 



in the area of APXPS experiments on aqueous systems and provide an 
outlook on opportunities for future research in this field. 

COLL 589 

Two-dimensional zeolites and their study with surface science tools: 
Trapping Ar in the nano-cages 

Nusnin Akter, nusnin.akter@stonybrook.edu. Material Science and Chemical 
Engineering, Stony Brook University, Mastic, New York, United States 

A model catalyst, from the surface science perspective, is a simpler version of 
a practical complex catalyst with a well-defined structure of identifiable and 
countable sites, on a surface. The model is inspired by a real catalyst which 
helps to understand a catalytic phenomenon in more depth, in particular in 
regards to mechanistic aspects. Ultra-thin two-dimensional inorganic 
nanoporous materials have been synthesized to mimic zeolites, which are the 
most used catalysts in the industry by volume. 
In this study, we explore the behavior of the 2D-model zeolite under elevated 
pressures. We observe that CO penetrates readily through the nano-pores of 
the two-dimensional zeolite (2dH) model system to adsorb on a Ru (0001) 
surface. However, infrared reflection absorption spectroscopy (IRRAS) 
experiments show that inclusion of Argon atoms within the nanopores restricts 
the passage of CO molecules, preventing it adsorption on the Ru (0001) 
surface. The trapping of Ar atoms on the 2D-zeolite model was also 
demonstrated by ambient pressure XPS at the CSX-2 beamline of the 
National Synchrotron Light Source II (NSLS-II). The permeability of gasses 
(e.g. CO) through 2dH is significantly affected by the (reversible) trapping of 
Ar, making these structures interesting candidates for tunable atomic and 
molecular sieves. 

COLL 590 

In operando PEEM imaging and electron spectroscopy of 
electrochemical processes and interfaces 

Slavomir Nemsak2, Evgheni Strelcov1,3, Hongxuan Guo1,3, Alexander 
Yulaev1,3, David N. Mueller2, Claus M. Schneider4, Andrei Kolmakov1, 
andrei.kolmakov@nist.gov. (1) CNST, NIST, Gaithersburg, Maryland, United 
States (2) Peter-Grünberg-Institut, Jülich, Germany (3) Maryland Nanocenter, 
University of Maryland, College Park, Maryland, United States (4) Peter 
Grünberg Institute, Jülich, Germany 



The energy-related electrochemistry and catalysis research benefited greatly 
from the recent progress in ambient pressure electron spectroscopy. To 
collect the characteristic electrons emitted from the sample before it dissipates 
its energy in multiple collisions with surrounding media the judiciously 
designed differentially pumped electron optics and sample delivery systems 
have been implemented. We recently proposed and tested an alternative 
experimental approach to bridge the pressure gap in atmospheric pressure 
(AP) XPS and XAS measurements in liquids and gases. This employs 
atomically thin graphene membranes as electron transparent molecularly 
impermeable membranes for separation of the liquid or gaseous sample from 
UHV. 
Here we report on the implementation of this technique to AP PEEM setup to 
image in photoelectrons and collect the XAS spectra of liquid media through a 
graphene membrane using UV and soft x-rays. Our approach differs from 
early PEEM-in-transmission imaging of immersed objects and employs 
standard PEEM setup and instrumentation instead. Using copper sulfate 
solutions as a model electrolyte we were able to image and spectroscopically 
discriminate between different electrochemical phenomena occurring at the 
graphene working electrode-electrolyte interface. In particular, copper 
plating/stripping, electrolyte polarization, and specific ion adsorption have 
been studied during cycling of the electrochemical cell. We demonstrate the 
effectiveness of the Bayesian Linear Unmixing algorithm (BLU) to process 
PEEM hyperspectral datasets. The BLU method was used to deconvolute 
these complex datasets into a linear combination of position-independent 
spectral components and corresponding abundance maps. The latter 
drastically simplifies an interpretation of temporal and spectral evolutions of 
multicomponent interfacial electrochemical reactions. The results have been 
supported by separate SEM, AES and XPS studies of the similar samples 
using standard laboratory equipment. 

COLL 591 

Following atomic layer deposition in real time 

Joachim Schnadt1,2, joachim.schnadt@sljus.lu.se. (1) Department of 
Physics, Division of Synchrotron Radiation Research, Lund University, Lund, 
Sweden (2) MAX IV Laboratory, Lund University, Lund, Sweden 

Atomic layer deposition (ALD) and chemical vapour deposition (CVD) are 
important methods to achieve a highly controlled growth of thin films. The 
surface chemistry of the underlying processes remains, however, little 
understood. While idealised reaction mechanisms have been developed, they 



represent postulates rather than models based on the factual identification of 
surface species and kinetics. APXPS provides an excellent opportunity for the 
real-time monitoring of ALD and CVD growth at pressures used in standard 
reactors. Since the surface chemistry and kinetics of the growth process can 
be addressed, APXPS can help to improve process parameters, materials, 
and thin film quality. 
I will report on the use of APXPS to study the ALD/CVD of oxides (TiO2, SiO2, 
and HfO2) on semiconductor (InAs and Si) and oxide surfaces (TiO2, RuO2), 
materials combinations which are relevant not only in metal-oxide-
semiconductor technology, but also for energy systems. It will be 
demonstrated that the experiments allow insight into growth kinetics and the 
identification of surface species and reactions (see Figure). 
The APXPS investigation of ALD/CVD processes has a clearly defined link to 
the study of energy systems: one of our goals is to these thin layer growth 
methods to achieve the formation of catalytic cavities around surface-
immobilised catalytic transition metal complexes and metal nanoparticles. The 
cavities are expected to stabilise the catalytically active sites and to achieve 
selectivity. In my presentation I will report on the status of these efforts. 

 
Scheme of ALD from a tetrakis(dimethdylamido) metal (TDMA-M) precursor and 
water (left) and APXPS results for the ALD of TiO2 and HfO2 from TDMA-



T/TDMA-Hf and water on the indicated surfaces (middle and right). The APXPS 
measurements to the right were taken with a time resolution of 1 second. 

COLL 592 

Using ambient pressure-photoelectron spectroscopy as a diagnostic 
tool for carbon nanotube growth 

Jennifer Carpena-Núñez1,4, jennifercarpena@yahoo.com, Jorge A. 
Boscoboinik3, Sammy M. Saber1,5, JianQiang Zhong3, Eric Stach2, Dmitri 
Zakharov3, Benji Maruyama1. (1) AFRL/RXAS, Air Force Research 
Laboratory, Wpafb, Ohio, United States (2) Bldg 735, Brookhaven National 
Laboratory, Upton, New York, United States (3) Center for Functional 
Nanomaterials, Brookhaven National Laboratory, Upton, New York, United 
States (4) National Research Council, Washington, District of Columbia, 
United States (5) UES, Inc., Dayton, Ohio, United States 

The widespread use of carbon nanotubes (CNTs) in consumer applications is 
currently limited by the inability to grow high quality tubes in bulk quantities 
with selective physical properties. In order to increase growth efficiency, it is 
imperative to understand why some catalysts grow tubes and others do not. 
Among the many factors dictating growth, oxidation state of the catalyst at the 
point of nucleation and growth is a subject of on-going discussion. Progress in 
elucidating this has been impeded by the difficulty in studying catalyst 
systems at the required time resolution. While many efforts have been made 
to establish in situ and in operando experimental platforms that can be used 
as diagnostic tools for growth (i.e. environmental Transmission Electron 
Microscopy and in situ Raman), these lack the ability to simultaneously 
monitor chemical state and reaction kinetics. Time-resolved spectroscopy 
techniques, such as the ambient pressure-photoelectron spectroscopy (AP-
PES), are uniquely suited for this task. AP-PES can be used to reproduce 
growth conditions while detecting the chemical state of the catalyst during 
evolution and nucleation, and detect CNT growth at its earliest stage. In 
parallel to ETEM and in situ Raman, AP-PES can be used to attain control 
over key factors of growth, such as catalytic yield and lifetime, for scalable 
synthesis. We report on the use of the AP-PES end station at the National 
Synchrotron Light Source II in Brookhaven National Laboratory to grow high-
quality, vertically aligned, single-wall CNT forests, and diagnose growth 
quality as a function of catalyst oxidation state. Forests grown using 
conditions analog to those used during conventional growth facilitate insights 
regarding what factors determine high growth yield and efficiency. A 
systematic study that tracks the chemical state of the catalyst at the point of 



nucleation, growth and termination is used to assess how catalyst systems 
evolves throughout the various stages. The role of factors such as oxidation 
state of the catalyst, gas species, and catalyst/support preconditioning are 
examined. A direct correlation between catalyst oxidation state, nucleation 
density and growth quality was observed. Reducing agents are presented as 
a key factor in increased nucleation density and growth yield. 

COLL 593 

Capturing reactive oxygen (RO) at modal membrane interface: 
Ferrocenyl anilines on modal micelle/reverse micelle membrane 
interfaces 

Ataf Ali Altaf4, atafali_altaf@yahoo.com, Amin Badshah3, 
aminbadshah@qau.edu.pk, Debbie C. Crans2, Pabitra Chatterjee1, Samia 
Kausar4, samiakosar93@gmail.com. (1) ADCIF, Central Salt Marine 
Chemical Institute, Bhavnagar, India (2) Colorado State University, Fort 
Collins, Colorado, United States (3) Quaid-i-Azam University, Islamabad, 
Pakistan (4) Department of Chemistry, University of Gujrat, Gujrat, Punjab, 
Pakistan 

Reactive oxygen’s (ROs) are important to capture in the body flux. In this 
study we synthesized and characterized three ferrocene derivatives 
(pFA, mFA and MeFA), those have good ability to be act as antioxidants. The 
synthesized compounds were studied for their interaction with modal 
membranes made by AOT reverse micelle and TTAB micelle. These 
interactions were probed by the use of proton nuclear magnetic resonance 
(HNMR) spectroscopy. The HNMR results indicated that these compounds 
present in the polar region of the modal membrane interface, On the 
interface mFA was found to capture water that was confirmed with single 
crystal X-ray diffraction analysis. It was found that their antioxidant potential is 
good in DMSO and that potential increased on the interface of the modal 
membrane. The most increase (by 19.6%) in the antioxidant potential, on the 
modal membrane interface, was observed for mFA. 

COLL 594 

Graphene oxide nanosheets stimulate ruffling and shedding of 
mammalian cell plasma membranes 

Chao Sun1,4, chao.sun@northwestern.edu, Devin Wakefield2, Yimo Han3, 
David Muller3, David Holowka2, Barbara Baird2, William Dichtel1,4. (1) 



Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United 
States (2) Chemistry and Chemical Biology, Cornell University, Ithaca, New 
York, United States (3) Applied and Engineering Physics, Cornell University, 
Ithaca, New York, United States (4) Chemistry, Northwestern University, 
Evanston, Illinois, United States 

Graphene oxide (GO) has attracted intense interest for use in living systems 
and environmental applications. GO's compatibility with mammalian cells is 
sometimes inferred from its low cytotoxicity, but such conclusions ignore non-
lethal effects that will influence GO's utility. Here, we used confocal and live-
cell fluorescence microscopy, as well as scanning electron microscopy, of rat 
basophilic leukemia (RBL) cells to demonstrate profound plasma membrane 
(PM) ruffling and shedding induced by GO. These membrane structures 
contain immunoglobulin E receptors, are resistant to detergents, and lack 
detectable fluorescence labeling of F-actin and fibronectin. The formation of 
these membrane structures correlates with a loss of contact inhibition 
between RBL cells. We observed similar cellular responses toward GO for 
NIH-3T3 fibroblast cells and MDA-MB-231 human breast cancer cells. These 
findings reveal a previously uncharacterized cellular response toward foreign 
nanomaterials. Membrane ruffling and shedding raise fundamental questions 
about how GO interacts with the PM, as well as its potential to modulate 
cellular mechanosensing for tissue engineering, stem cell differentiation, and 
other biomedical applications. 

 



 

COLL 595 

Facile gas-phase self-assembly of noble metal-decorated hybrid 
nanoparticles for biomedical and photocatalytic applications 

De-Hao Tsai, dhtsai@mx.nthu.edu.tw, Yi-Chen Chen. Chemical Engineering, 
National Tsing Hua Univ, Hsinchu, Taiwan 

A gas-phase controlled synthetic approach is developed for the fabrication of 
noble metal-decorated hybrid nanoparticle clusters in the form of aqueous 
colloid. The approach includes an evaporation-induced self-assembly 
following a direct gas-phase electrophoresis for size classification and in situ 
characterization of mobility size. Results show that three types of hybrid 
nanostructures were successfully synthesized: (1) silver nanoparticles 
(AgNPs) decorated on a SiO2-NP and (2) AgNPs decorated in a cluster of 
SiO2-NPs (SiO2-NPC), and (3) AgNPs decorated in a cluster of TiO2-NPs 
(TiO2-NPC). Physical sizes, morphology, and compositions of Ag-SiO2 NPs 
and Ag-TiO2 NP were tunable through the adjustments of precursor 
concentrations and the selected mobility sizes. The performance in surface 



plasmon resonance, colloidal stability, and dispersibility of AgNPs enhanced 
significantly in an aqueous environment after hybridizing with SiO2-NPC and 
TiO2-NPC. The photocatalytic activity of Ag-TiO2 NPC was tunable by 
choosing the suitable chemical compositions and concentrations of 
precursors. Our work describes a prototype methodology to convert well-
dispersed colloidal solution into noble metal-based hybrid nanostructures with 
high purity and well-controlled material properties. 

COLL 596 

Highly efficient delivery of potent anticancer iminoquinone derivative by 
multilayer hydrogel cubes 

Bing Xue1, xuesuzie@uab.edu, Wei Wang2,3, Veronika A. Kozlovskaya1, 
Ruiwen Zhang2,3, Sadanandan E. Velu1, Eugenia P. Kharlampieva1. (1) 
Department of Chemistry, University of Alabama at Birmingham, Birmingham, 
Alabama, United States (2) Department of Pharmaceutical Sciences, School 
of Pharmacy, Texas Tech University Health Sciences Center, Amarillo, Texas, 
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Many anticancer drugs are hydrophobic and lack tumor selectivity, which 
reduces their efficacy in cancer therapy. Stimuli-responsive hydrogels are 
capable of improving the therapeutic function of encapsulated agents because 
of their ability to achieve on-demand drug release. However, application of 
these systems to hydrophobic drug delivery has been limited due to the 
incompatibility between hydrophobic drugs and a hydrophilic hydrogel 
network. Herein, we present a facile method to prepare a poly(methacrylic 
acid) (PMAA)-based multilayer hydrogel with controlled nanostructure, cubical 
shape and redox-responsiveness for the efficient delivery of the hydrophobic 
anticancer therapeutic 7-(benzylamino)-3,4-dihydro-pyrrolo[4,3,2-de]quinolin-
8(1H)-one (BA-TPQ), resulting in a drug delivery platform with enhanced 
anticancer effect and selective activity to hepatocellular carcinoma cells. The 
BA-TPQ-loaded hydrogels maintain their cubical shape and pH-sensitivity 
after lyophilization, which is advantageous for a long-term storage. In contrast, 
the multilayer hydrogels degrade in the presence of typical intracellular 
concentrations of glutathione, which ensures fast intracellular drug release. 
Encapsulating BA-TPQ into hydrogels significantly increases its transport 
through Caco-2 cell monolayers with a ~2-fold higher permeability coefficient, 
indicating the potential of our PMAA matrix for oral delivery of BA-TPQ. BA-
TPQ-hydrogel cubes exhibit better anticancer activity against HepG2 and 
Huh7 hepatoma cells with ~40% decrease in the IC50 value compared to non-



encapsulated drug. Remarkably, non-malignant liver cells have a lower 
sensitivity to BA-TPQ-hydrogel cubes with >2-fold increased IC50 value 
compared to those of cancer cells. In addition, the BA-TPQ encapsulation by 
the hydrogels amplifies the drug potency due to the increased down-
regulation of MDM2 oncogenic protein and upregulation of p53 (a tumor 
suppressor) and p21 (cell proliferation suppressor) expression in HepG2 liver 
cancer cells. Moreover, enhanced inhibition of MDM2 protein expression by 
BA-TPQ-hydrogel cubes is independent of p53 status in Huh7 cells. This drug 
delivery platform of non-spherical shape provides a facile method for 
encapsulation of hydrophobic drugs and facilitates the enhanced efficacy of 
BA-TPQ for liver cancer therapy. 

COLL 597 

Biomimetic growth and control of a pathologic biomineral in hydrogels 
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United States 

Biominerals found in living organisms have diverse biological functions and 
distinct properties arising from the particular structure, orientation, and 
morphology of the constituent minerals. A systematic investigation of the 
morphological evolution of biominerals grown in organic matrices, and the 
interaction of such matrices with the inorganic crystals are essential for 
understanding biomineralization processes and for developing bioinspired 
materials. We employ here hydrogels as model organic matrices and a 
‘double-diffusion’ method to mimic the formation of calcium oxalate, the major 
constituent of kidney stones. Gel-mediated crystallization provides a great 
way to vary the local supersaturation through controlling the diffusion rate of 
the reacting ions. We study the nucleation, growth, type of polymorph, 
orientation and aggregation of the calcium oxalate particles as affected by the 
gel density, reservoir concentrations, and molar stock solution ratio. We also 
explore the inhibitory effects of anionic macromolecules on calcium oxalate 
formation. These findings help our understanding of the mechanism of 
polymer incorporation in biomineral aggregates, and provide insights into the 
formation of organic-inorganic composite materials. Furthermore, they guide 
the design and synthesis of therapeutic agents (modifiers with molecular 
recognition for crystal faces) to control biomineralization-associated diseases, 
such as kidney stone. 
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Excessive generation of reactive oxygen species (ROS) is strongly related to 
gastrointestinal (GI) disorders including ulcerative colitis and colon cancer. 
Oral administration of low-molecular-weight (LMW) drugs is limited due to low 
stability, non-specific distribution, causing adverse effects. Here, we 
developed a novel redox nanoparticle (RNPO) prepared by self-assembly of 
an amphiphilic block copolymer possessing stable nitroxide radical TEMPO, 
an ROS scavenger (Fig.1A), as nanotherapeutics for treatment of GI 
disorders. To evaluate toxicity, we found that all zebrafish died after treatment 
with LMW-TEMPO, while no zebrafish death was observed by treatment with 
RNPO under same concentrations (Fig. 1B). It is important to note that almost 
all mitochondria were damaged for the LMW TEMPOL treatment, while no 
damage was observed for RNPO treatment, indicating an extremely low 
toxicity of RNPO. 
When we evaluated the accumulation of nanoparticles in colon after oral 
administration, a considerable high accumulation of RNPO in colon was 
observed, as compared to TEMPOL and polystyrene latex particles, even 
though the same size (40 nm) due to high stability of RNPO in GI tract. 
Interestingly, orally administered RNPO tended to accumulate in inflamed 
colon mucosa but not in healthy sites, resulting in an effective ROS 
scavenging in colonic mucosa of dextran sodium sulfate (DSS)-induced colitis 
mice, suppressing the inflammation in colon. We also confirmed the efficacy 
of RNPO on colon cancer mice induced by azoxymethane (AOM) and DSS. 
Because overproduced ROS in tumor microenvironment induce drug 
resistance of cancer cells, when anticancer drug Irinotecan (Iri) was 
administered in combination with free drinking RNPO, a remarkable 
suppression of tumor growth was observed in mice treated with combination 
compared to mice treated with Iri alone (Fig. 1C).The Iri-induced adverse 
effects, such as diarrhea and GI toxicity, were remarkably reduced in RNPO-
treated mice. These results indicate that oral administration of RNPO not only 
significantly enhances the anticancer efficacy of Iri against colon cancer 
development, but also effectively suppresses the severe adverse effects of Iri. 



 

 
 
Fig. 1: Redox nanoparticle (RNPO) for treatment of colitis and colon cancer 
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Low-threshold optical gain and lasing with colloidal semiconductor 
nanoplatelets 
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There has long been an interest in using colloidal semiconductor nanocrystals 
as laser gain media, due to their tunable emission wavelengths, low cost of 
synthesis, and solution processability. However, early demonstrations of 
optical gain and lasing involved impractically high threshold excitation 
densities. These high thresholds were attributed to Auger processes: optical 
gain requires excitation of more than one exciton in each nanocrystal, but 
multiple excitons undergo rapid, nonradiative Auger recombination. Quantum 
dots that have been designed to suppress Auger recombination have resulted 
in reduced thresholds; however, this has come at the expense of the 
maximum obtainable gain, because the quantum dots have thick shells that 
limit their packing density.  
 
Recent innovations in colloidal synthesis have led to thin, flat CdSe 
nanoplatelets and CdSe/CdSe core/shell nanoplatelets, where carriers are 
confined quantum-mechanically in only one dimension. We have found that 
Auger recombination still dominates carrier dynamics over a large range of 
exciton densities, but the Auger rate at excitons that allow for optical gain is 
lower than in quantum dots emitting at the same wavelengths. Even lower 



Auger rates were observed when a CdS shell was grown around the CdSe 
core, with a minimum rate for shell thicknesses of 3 – 4 monolayers. In 
addition, the nanoplatelets are atomically monodisperse in thickness, virtually 
eliminating inhomogeneous broadening, and have large optical-absorption 
cross-sections. Together, these factors are expected to reduce thresholds for 
optical gain and lasing. 
 
We verified the superior properties of nanoplatelets by measuring thresholds 
for amplified spontaneous emission in films of these nanoplatelets that are 
lower than any previous demonstration for colloidal nanocrystals, and that are 
comparable to the best reported values for any solution-processed materials. 
Integration of nanoplatelets with a photonic-crystal cavity leads to continuous-
wave lasing with the lowest reported threshold for any laser operating at room 
temperature. 
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Metal halide perovskite, APbX3 (A is a cation and X is a halide), nanocrystals 
are an emerging class of nanomaterials with high photoluminescence 
quantum yield and easily tunable emission wavelengths. For efficient 
optoelectronic device applications, these nanocrystals need to be stable, with 
charge transport-compatible ligands and tunable energy-level alignment. 
 
We developed a two-step ligand-exchange strategy, in which the long-carbon-
chain ligands on all-inorganic perovskite CsPbX3 nanocrystals are replaced 
with relatively short halide-ion-pair ligands. We demonstrate ultra-air- and 
photostable films of CsPbX3nanocrystals by using an inorganic–organic hybrid 
ion pair as the capping ligand. This passivation approach to perovskite 
nanocrystals yields high photoluminescence quantum yield with 
unprecedented operational stability in ambient conditions and high pump 
fluences, thus overcoming a major challenge impeding the development of 
perovskite-based applications. Green and blue light-emitting diodes made 
from the halide-ion-pair-capped nanocrystals exhibit high external quantum 



efficiencies compared with the untreated nanocrystals. We also demonstrate 
the integration of these nanocrystals as color converters for gigabit-rate data 
transmission with visible light communication systems. 
 
Finally, we designed an in situ doping approach for perovskite nanocrystals 
with heterovalent Bi3+ ions by hot injection to precisely tune their band 
structure and excited-state dynamics. This synthetic method allowed us to 
map the impact of doping on charge transfer from the nanocrystals to different 
molecular acceptors. We demonstrate that charge transfer at the interface of 
nanocrystals can be tuned and promoted by metal ion doping. We find that 
doping increases the energy difference between states of the molecular 
acceptor and the donor moieties, subsequently facilitating the interfacial 
charge transfer process. 
 
Our work paves the way to further the exploitation of perovskite nanocrystal 
materials in optoelectronics through judicious doping and surface engineering. 
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Solution-processed nanomaterials for efficient optoelectronic devices 
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Sargent. University of Toronto, Toronto, Ontario, Canada 

I will show how designing materials from the atomic scale allows creating 
building blocks that, with tailored functionalities, unfold unprecedented energy 
manipulation at the nanoscale. I will show how programming low-dimensional 
materials such as quantum dots, quantum-well perovskites or quantum-dot-in-
perovskite solids can be used to achieve more efficient light sensors, light 
sources, and solar cells. In particular, I will present the latest results that 
enabled the realization of flexible colloidal quantum dot solar cells with 
certified record power conversion efficiencies (PCE) above 12%. I will also 
present our recent progress in IR sensitized solar cells designed to harvest 
solar energy above silicon bandgap. 
Novel materials such as quantum-dot-in-perovskite open the door to the 
realization of quantum confined devices previously circumscribed to high-
temperature epitaxy. I will present a field-emission photodiode that, based on 
this material, achieves high sensitivity in the short-wavelength infrared. I will 
also talk about our latest advances in quantum-well low-dimensional 
perovskite light-emitting diodes, which led us to achieve a record external 
quantum efficiency of 14% with high luminance by funnelling energy at the 
nanoscale. 
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Plasmonic detection of reactions on nanostructures 

Eric Borguet, eborguet@temple.edu. Department of Chemistry, Temple 
University, Philadelphia, Pennsylvania, United States 

The localized surface plasmon resonance (LSPR) of a nanoparticle is a 
sensitive probe of the nanomaterial and its local dielectric environment. This 
enables the use of the plasmonic response of nanomaterials to detect 
chemical reactions, e.g. oxidation and reduction, via changes in the LSPR 
peak providing a simple sensing platform. This presentation will focus on 
recent developments in our group including detection of gas and liquid phase 
species and the underlying mechanisms. 
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Optically-thin metallic films for high-radiative-efficiency plasmonics 
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We theoretically predict optically thin metallic substrates facilitates high-
Purcell (>104), high-efficiency (>50%) gap-plasmon spontaneous emission 
with vanishing gap size. The enhancement is almost spatially uniform and 
does not suffer from quenching that commonly exist in previous structures. 
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The single component surface energy model has long been recognized as a 
simple, if incomplete, model which may be used to describe the interactions 
occurring at two-phase material interfaces. Multicomponent models have been 
proven to more rigorously and more accurately describe these interactions. 
However, the bulk of the work done to model the hydrostatic breakthrough 
pressures of liquids through polymer based membranes has been based on 
the single component model of surface energy. This is of particular interest 
due to our recent work showing the potential of such polymeric membranes in 
various interesting applications such as the separation of fuel and water. In 
this work we investigate the use of the three component van Oss model of 
surface energy to predict the hydrostatic breakthrough pressure of liquids 
through a variety of different functionalized cellulose and alumina membranes 
with varying pore sizes. A suite of surface chemistries and solvents with 
widely ranging surface energy component values were selected in order to 
quantify the benefits of using the multicomponent model, and the relative 
predictive improvements seen in these investigations will be presented. 

 
 
SEM image of siloxane functionalized cellulose paper membrane 
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Supramolecular structural forces influence drainage and stratification 
kinetics in stratifying foam films 
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Understanding and controlling the drainage kinetics of thin films is an 
important problem that underlies the stability, lifetime and rheology of foams 
and emulsions. Foam films containing micelles, colloidal particles or 
polyelectrolyte-surfactant mixtures exhibit step-wise thinning or stratification, 
due to the influence of non-DLVO forces, including supramolecular oscillatory 
structural forces. In this study, we use experiments and theory to investigate 
the drainage and stratification in vertical and horizontal thin foam films (< 100 
nm) formed by aqueous sodium dodecyl sulfate (SDS) solutions. Stratifying 
thin films exhibit a mosaic pattern in reflected white light microscopy, 
attributed to the coexistence of domains with various thicknesses, separated 
by steps. Using Interferometry Digital Imaging Optical Microscopy (IDIOM) 
protocols developed in the course of this study, we spatially resolve for the 
first time, the landscape of stratifying freely standing thin films. Further, we 
determine how the concentration of surfactants and added salt influences the 
stepwise thinning process for micellar solutions, and how step size can be 
used for estimating micelle size and interactions. The concentration-
dependent aggregation number extracted from our experiments match-up 
reasonably well with values obtained by other techniques including scattering 
and fluorescence. Finally, we describe how the interplay between interfacial 
hydrodynamics and supramolecular structural forces leads to the observed 
stratification and drainage kinetics and discuss the specific effects of adding 
salt and increasing surfactant concentration. 
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Surface tensions of frothers and oil at saltwater-air interfaces: A 
computational study 
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Separating oil from saltwater is a process relevant to energy and chemical 
industries and may be enhanced by bubble and froth generation. Therefore, 
simulating saltwater-air interfaces with adsorbed surfactants and oil molecules 
can assist in understanding froth stability to improve separation. This work 
applies molecular dynamics with a united-atom force field to model linear 
alkane oil and three surfactant frothers: methyl isobutyl carbinol (MIBC), 
terpineol, and ethyl glycol butyl ether (EGBE). Interfacial phenomena were 
measured for a range of frother surface coverages on saltwater. Density 
profiles of the hydrophilic and hydrophobic portions of the frothers show an 
expected orientation of alcohol groups adsorbing to the polar water. A 
decrease in surface tension with increasing surface coverage of MIBC and 
terpineol was observed and reflected in experiments where the frother 
concentration increased. Relations between surface coverage and bulk 
concentration was observed by comparing the surface tension decreases. 
Additionally, a range of oil surface coverages was inserted when the interface 
already had a thin layer of adsorbed frother molecules. An increase in surface 
coverage of oil molecules led to an increase in surface tension for all frother 
types. Pair correlation functions depicted MIBC and terpineol as having higher 
distributions with water at closer distances than with oil. 
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Our overall goal is to obtain sub-10 nm spatially resolved electronic charge 
density at a liquid/solid interface using an atomic force microscope. In many 
cases of interest, this information is only measurable when the tip is within a 
few nanometers of the surface. In this region, the snap-to-contact event 
occurs which means the tip velocity becomes large and viscous forces can 
dominate the measurement. We have modeled these viscous forces with the 
intention of removing them from consideration so that electrostatic 
contributions can be focused on. A method is presented to obtain the viscosity 
and density of a fluid from the mechanical frequency response of a 
microcantilever beam immersed in fluids. A novel algorithm is described to 
measure the viscosity and density of an ambient fluid by comparing 
experimental results with the theory. The theoretical results are analytical with 
a closed form solution. The algorithm presented is easier to implement than 



the standard method currently used by most atomic force microscope 
practitioners. In addition, unlike the standard method, the new algorithm is 
applicable to high viscosity fluids that do not produce resonant peaks in the 
microcantilever power spectra. Experiments were carried out using standard 
cantilevers in a fluid cell filled with air, water, methanol and commercial oils. 
The result of comparing theory with experiment validates the algorithm. This 
makes it useful both for obtaining surface charges from force-separation 
curves and as a way to measure density and viscosity of uncharacterized 
fluids. 
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In binary liquid mixtures of H2O and tert-butanol (TBA) nanometer-scale 
aliphatic- and water-rich pseudo-domains can occur depending on the mixing 
ratio. Such mesoscale compartmentation was shown to have a strong impact 
on the solubilization of a third component: hydrophilic molecules are mostly 
dissolved in the water-rich pseudo-domain, hydrophobic molecules are mostly 
dissolved in the aliphatic-rich pseudo-domain and surface active molecules 
accumulate at the interface of both pseudo-domains. Consequently, 
mesoscale compartmentation of binary solvent mixtures of H2O/TBA can also 
lead to a compartmentation of reactants (or catalyst and reactant) in organic 
synthesis depending on the hydrophilicity of the reactants. With the aid of the 
photo-oxidation of benzyl alcohol (BA) to the corresponding aldehyde 
catalyzed by H5PMo10V2O40 we link the kinetics and the efficacy of the 
oxidation reaction to the presence/absence of mesoscale inhomogeneities in 
H2O/TBA mixtures depending on the H2O/TBA ratio. An elevated catalytic 
performance of at least 100% is observed for unstructured mixtures H2O/TBA 
compared to compartmented mixtures H2O/TBA. Especially the initial rate of 
the benzaldehyde formation depends strongly on the mesoscopic structuring 



of the binary solvent H2O/TBA. This observation is explained by a 
compartmentation of the hydrophobic benzyl alcohol and the hydrophilic 
H5PMo10V2O40 catalyst in the water- and aliphatic-rich pseudo-phases. 
In the absence of mesoscale structuring, as it is the case for unstructured 
H2O/ethanol mixtures, a constant yield of benzyl aldehyde is obtained for all 
H2O/EtOH ratios. All in all, we conclude that compartmentation of the organic 
substrate and the catalyst seems to be unfavorable for its catalytic efficacy. 
Hence, reactivity in binary liquids might no longer solely be correlated to the 
molecular properties of the solvent, but has also to be correlated to the 
mesoscale structuring of binary solvent mixtures.

 
Compartmentation of both the reactants and the catalyst in mesoscale structured 
liquids, e.g. in H2O/tert-butanol mixtures, seems to be unfavorable for the catalytic 
efficacy. 
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New insights into nanoparticle-protein interactions through 
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Nanoparticles (NPs) can be engineered to display a wide range of 
physicochemical properties, allowing the creation of synthetic nanostructures 
able to interact controllably with proteins and cells. At the most basic level, the 
molecular interactions of NPs with proteins define much of the NP’s 
bioresponses in vivo. Previous studies on NP-protein interactions have 



focused on the thermodynamics of binding, while the importance of kinetics 
has been overlooked. Herein the interaction kinetics of ultrasmall gold NPs 
(AuMBA and AuGSH; 2 nm in core diameter) with a model basic protein 
(CrataBL; 20 KDa, pI ~ 10.5) were investigated by surface plasmon resonance 
(SPR) in phosphate buffer saline. The SPR measurements indicated much 
stronger interactions of CrataBL towards AuMBA relative to AuGSH (KD = 35 
nM vs. 27 mM). The higher affinity towards AuMBA compared to AuGSH was 
the result of both a larger kon rate constant (~ 105-106 M-1s-1 vs. ~ 104 M-1s-1, 
respectively) and longer residence times (1/koff ~ 66 sec vs. 3 sec, 
respectively). Further, steady-state fluorescence quenching measurements 
performed in 50% glycerol revealed a similar binding affinity of AuMBA-
CrataBL in glycerol relative to buffer, whereas for AuGSH-CrataBL binding 
affinity was found much higher in glycerol than in buffer. These results 
suggest that AuMBA- and AuGSH-CrataBL association reactions are 
diffusion- and reaction-controlled, respectively. For AuGSH, the reaction-
limited mechanism is presumed to originate from an energy barrier caused by 
the removal of water and ions from the binding interface. Overall, these 
findings provide novel mechanistic insights into NP-protein interactions. 
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Engineered inorganic-organic composite nanomaterials have received 
significant interest as tunable, platform materials for next generation sensors, 
(photo) catalysts, and sorbents, among other applications. For such materials 
with dynamic surface coatings (e.g. soft, flexible, responsive, etc.), in most 
cases, fundamental understanding of aqueous behavior remains outstanding. 
In this presentation, we will quantitatively describe the specific role of organic 
coating(s) for inorganic-organic nanomaterials (here as discreet particles), 
systematically in terms of colloidal stability for highly controlled manganese 
oxide (MnxOy) core materials (three sizes, one shape - spherical 14, 18, and 
25 nm; termed NPs). Colloidal stability and (relative) aggregation density were 
correlated with (surface) ligand length and functionality, with results differing 
from what would be expected based on the classic Schulze-Hardy rule. 
Interestingly, poly(maleic anhydride-alt-1-octadecene,) coated NPs are more 



colloidally stable at the point of zero charge (PZC) than at pH 7 with critical 
coagulation concentrations (CCC) for NaCl at 334 mM and CaCl2 at 1.5 mM 
(pH 7), compared to CCC values of 807.2 mM in NaCl and 209.8 mM in 
CaCl2 at PZC (pH 2.5) Overall, the change in polymer conformation 
(shrinkage), as a function of pH and ionic strength, dramatically increases 
colloidal stability, although NPs effectively lose surface charge – thus 
implicating the role of steric stabilization. Lastly, polymer conformation 
dynamics as a function of water chemistry are quantified using quartz crystal 
microbalance with dissipation monitoring. 
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Functional groups on carbon nanotubes are not necessary for their 
covalent attachment to surfaces 

Mackenzie Williams1, mgwill@udel.edu, Fei Gao1, Ibtihel Ben Dhiab2, 
Andrew V. Teplyakov1. (1) University of Delaware, Newark, Delaware, United 
States (2) Université Pierre et Marie Curie, Paris, France 

Carbon nanotubes (CNTs) have been integrated into devices for a number of 
applications ranging from sensors to hydrogen storage and the attachment 
chemistry by which they are incorporated has been an intensely studied topic. 
Carbon nanotubes are typically anchored onto these substrates through 
additional functional groups, such as carboxylic acids, that are present on the 
CNT edge or defect sites. In this work, it was found that these extra functional 
groups on the CNTs are not the only way through which CNTs can bind 
covalently to a substrate; in fact, the presence of functional groups is not 
necessary at all for covalent attachment to the surface to occur. Carbon 
nanotubes containing no additional functional groups were attached to amine-
modified gold and silicon substrates. Microscopy techniques were used to 
confirm the presence of CNTs on the surface and X-ray photoelectron 
spectroscopy and time-of-flight secondary ion mass spectrometry were used 
to investigate the chemistry involved. Through comparison to multiple 
controls, including carboxylic acid-modified CNTs, it was determined that 
covalent attachment can occur directly through the cage of the CNT. Density 
functional theory computational methods were used to confirm the feasibility 
of this process. 
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Synthesis and characterization of methyl-terminated partially fluorinated 
alkanethiols 



Rashid Ghanbaripour3, rghanbar@central.uh.edu, Oussama Zenasni3, Maria 
D. Marquez2, T Randall Lee1. (1) University of Houston, Houston, Texas, 
United States (2) Chemistry, University of Houston, Houston, Texas, United 
States (3) Departments of Chemistry and Chemical Engineering and the 
Texas Center for Superconductivity, University of Houston, Houston, Texas, 
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This presentation describes the synthesis of methyl-terminated partially 
fluorinated alkanethiols. Self-assembled monolayers (SAMs) generated from 
these molecules on gold surfaces possess interfacial dipoles that have an 
inverted polarization at the interface when compared to the dipoles in 
trifluoromethyl-terminated thin films. The reversal in polarization is due to the 
terminal dipole residing at the hydrocarbon-fluorocarbon (HC–FC) junction in 
the molecule. However, the established synthetic route for creating such 
molecules is laborious, which hinders the integration of this dipole into other 
types of adsorbates. For this purpose, we chose to explore other synthetic 
strategies such as Suzuki cross coupling, oxidative decarboxylation C-C cross 
coupling, and radical coupling reactions using several precursors to attach a 
methyl terminus onto a perfluorinated chain. 
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X-ray excited optical luminescence of surface functionalized, hybrid 
LSO:Ce-fluorophore particles 
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This work demonstrates that a lutecium orthosilicate (Lu2SiO5:Ce, LSO:Ce) 
radioluminescent nanoparticle can be coated with a dye and a dye coated 
polymer shell or a dye coated protein shell and still generate an effective 
energy transfer between the dye and core when excited via light or X-rays. 
LSO:Ce particles are functionalized with azides to facilitate click reactions 
between the particle and an alkyne modified fluorophores. This technology 



can be applied to attach an alkyne-functionalized dye to the particle, making 
this system highly tunable to the wavelength of interest. Specifically, alkyne 
functionalized napthalimide and rhodamine B have been used as the 
fluorophores of interest because they are a good FRET pair. Both dyes have 
been attached directly to the LSO:Ce particle and show effective energy 
transfer. Additionally, core/shell LSO:Ce/poly(propargyl methacrylate) 
nanoparticles have been synthesized and surface functionalized with 
napthalimide and/or rhodamine B to explore the possible energy transfer 
between the LSO:Ce core and the dyes. Indeed, there was an effective 
energy transfer between the core and dye for both particulate systems when 
excited via light and X-rays at the absorption of the LSO:Ce core. 
Furthermore, the energy transfer mechanism has been explored by using 
napthalimide dyes of various lengths. By understanding the energy transfer 
mechanism, the particles can be tuned to generate the maximum amount of 
light output. Applications of these radioluminescent particles include 
optogenetics, where neural firing is controlled via light through a microbial 
opsin, namely channelrhodopsin. Radioluminescent nanoparticles have the 
opportunity to replace damaging fiber optics currently used in optogenetic 
applications. 

COLL 614 

Versatile single chain polymeric nanoparticles via thiol-Michael addition 

Pia Kröger, piakroger@utwente.nl, Jos M. Paulusse. University of Twente, 
Enschede, Netherlands 

Single chain polymer nanoparticles (SCNPs) are intramolecularly crosslinked, 
individual polymer chain particles. Size and dispersity of SCNPs is directly 
related to the precursor polymer and the particles can be prepared an order of 
magnitude smaller than conventional polymer nanoparticles, without the 
requirement of complex synthetic strategies. Drug conjugation in combination 
with size-dependent biodistribution behavior makes SCNPs promising drug 
carriers. 
SCNPs were prepared via intramolecular thiol-Michael addition of thiol-
functional vinyl polymers with bifunctional acrylates. The “click” nature of the 
thiol-Michael addition enables large-scale preparation of well-defined 
nanoparticles. Thiol-functional glycerol copolymers were successfully 
crosslinked with PEG-based crosslinkers yielding water-soluble nanoparticles 
of approximately 12 nm in diameter as confirmed by DLS and STEM. 
The thiol moieties may further be utilized to conjugate drugs onto the 
polymers as well as onto the nanoparticles. We exploited the naturally 



occurring thiol Michael addition between glutathione and curcumin – a potent 
drug candidate for inflammatory diseases suffering from limited bioavailability 
– and successfully conjugated this drug, thereby vastly improving its water 
solubility. Current research efforts are focused on investigating cellular 
uptake, as well as bioavailability and drug release. 

 
Schematic representation of polymer chain collapse via thiol-Michael addition. 

COLL 615 

Bio-functionalizable polymer colloids prepared by radical-mediated 
thiol-ene click polymerizations 

Dana V. Chapman2, Meagan N. Arguien2, Reina D. Beltran2, Olivia Z. 
Durham2, Sitaraman Krishnan1, Devon A. Shipp2, dshipp@clarkson.edu. (1) 
Chemical Biomolecular Eng. PO BOX 5705, Clarkson University, Potsdam, 
New York, United States (2) Chemisty Biomolecular Science, Clarkson 
University, Potsdam, New York, United States 

Recently developed water-borne radical-mediated thiol-ene polymerizations, 
such as emulsions, dispersions and suspensions, have several significant 
advantages over traditional chain-growth (e.g., acrylic or stryrenic) 
polymerizations. In particular, they allow for easy functionalization through 
simple stoichiometric adjustments of the monomers used in the 
polymerization; for example, adding a slight excess of thiol monomer 
produces colloidal polymer particles replete with thiol functionality. In this 
presentation, we focus on the synthesis and functionalization of such nano- 
and micro-particles, and will discuss the use of thiol-ene (and thiol-yne) and 
other ‘click’ chemistries for the production of biodegradable and bio-
functionalized colloids. 

 



 

COLL 616 

Fluorescent dye loaded resorcinarene cavitand nanocapsules 

Balasubramanian Ramjee, bramjee@odu.edu, Storm-Marie D. Allmon, 
Kalpana Mahadevan. Old Dominion University, Norfolk, Virginia, United States 

We have developed a thiol-ene phopolymerization based one-pot method for 
the in situ synthesis and functionalization of hollow polymeric resorcinarene 
cavitand nanocapsules. We have recently shown that this approach can be 
extended for the synthesis of water-soluble nanocapsules. This presentation 
will describe methods for the encapsulation of both water-soluble and water-
insoluble fluorescent dyes into water soluble resorcinarene cavitand 
nanocapsules via a variety of methods. This presentation will highlight the 
differences in the photophysical properties of the guest molecules 
encapsulated under various conditions such as in situ entrapment and other 
post-synthetic encapsulation approaches. Additionally the responsive 
behavior of these nanocapsules and their applications in biological imaging 
will be discussed.  

COLL 617 

Fluorescent functionalization across the quaternary structure of virus-
like particles 

Zhuo Chen, zxc130630@utdallas.edu, Jeremiah J. Gassensmith. Chemistry 
and Biochemistry, University of Texas at Dallas, Richardson, Texas, United 
States 

Virus-like particles (VLPs) are one of the most representative proteinaceous 
nanomaterials which have emerged as a uniform and robust platform for 
biomedical research, due to its repetitive and high order multivalent structure. 
However, only a limited number of bioconjugation reactions are exploited that 



can be used to functionalize the viral capsid, and very few of them involve 
functionalization across the quaternary structures of the capsid. In this work, 
we focus on the functionalization of structurally important disulfide bonds that 
crosslink and stabilize the bacteriophage Qβ VLP subunits. Using the recently 
described dibromomaleimide (DB) moiety, we have shown it possible to 
rebridge the reduced disulfide bonds in good yield, without sacrificing the 
thermostability they afford to the overall protein structure. The reaction can be 
done in one-pot, possesses high atom economy, and the dibromomaleimide 
derivatives are easy to synthesis, which make it possible to introduce different 
functionalities. In addition, the conjugates are very fluorescent after 
attachement to the capsid, which makes this reaction not only useful for the 
introduce of functional handles, but also provides fluorescent probes. 

 
 
Crystallographic structure of Qβ VLP. Cysteine residues (Cys 74 and Cys 80) locate 
along the pores, which show in red. The cysteines form disulfide bridges, which link 
five monomers (top insert) or six monomers (bottom insert) to create a total of 32 
pores structure on the capsid. 

COLL 618 

Analysis of noble polymer micelle by double hydrophilic block 
glycopolymer 



Takahiro Oh2, takahiroo5320@kyudai.jp, Masanori Nagao2, Yu Hoshino1, 
Yoshiko Miura2. (1) Chemical Engineering, Kyushu University, Fukuoka, 
Japan (2) Dept of Chemical Engr, Kyushu University, Nishi-ku, Fukuoka, 
Japan 

Recently, double hydrophilic block copolymer (DHBC) has been paid much 
attention due to their various applications. Though DHBC was studied with 
various polymers, double hydrophilic block glycopolymers (DHBG) were 
scarcely reported, where glycopolymers are polymers carrying pendant 
sugars. In this paper, we report synthesis of DHBG of PEG45-b-p(mannose)33, 

60, 107 (1, 2 and 3) and evaluation of self-assembly properties. DHBG (1, 2 and 
3) were synthesized by reversible addition fragmentation chain transfer 
(RAFT) polymerization using TMS-propargyl methacrylate, 2, 2-azobis (2-
methylpropionitril) and poly(ethylene glycol) 4-cyano-4-
(phenylcarbonothioltyio) pentanoate . Monomer conversion and PDI 
of 1, 2 and 3 are 86.4 % and 1.21 (1), 80 % and 1.21 (2) and 71 % and 1.13 
(3), respectively. Then TMS of polymer main chain was deprotected, and 
sugar was introduced by Huisgen reaction. Spectrofluorometric measurement 
of the polymers clarified the critical micelles concentration (0.02 g/L for all 
DHBG). It showed these polymers have self-assembling properties. We 
measured particle size by DLS. The particle size is 125 nm (1), 90 nm (2) and 
120 nm (3), respectively. Polydispersity (PDI) is less than 0.3. In TEM 
observation (Figure 1), the spherical structures were observed with the 
polymers, also suggesting the self-assembling structure like micelles. The 
particle size of 2 was 540.2 nm. TEM observation also suggested the vesicle 
structure of 2 with periphery bilayer. The particle size of 3 was about 100 nm 
and 3 forms micelle from TEM observation. (Figure 1) The structure was 
changed due to degree of mannose block, this morphology is similar with 
packing parameter for amphiphilic molecules. It suggest this DHBGs may 
follow packing parameter and be able to be controlled structure by changing 
ratio of mannose block. In the presentation, we will report about TEM 
observation of 1 and driving force of self-assembly by DLS. 

 



 
 
Figure 1 : Transmission electron microscopy of the double hydrophilic block 
copolymer self-assemble showing the different morphology as the mannose block 
degree increased (1% uranyl acetate aqueous solution stain) (2 : PEG45-b-mannose60, 
3 : PEG45-b-mannose107) 

COLL 619 

Solid phase assisted split & combine approach towards branched 
precision glycomacromolecules 

Mischa Baier, mischa.baier@hhu.de, Markus Giesler, Laura 
Hartmann. Institute of Organic & Macromolecular Chemistry, Heinrich-Heine-
Universität Düsseldorf, Düsseldorf, Germany 

Previously, we have established the solid phase polymer synthesis of so-
called precision glycomacromolecules. Based on the step-wise assembly of 
tailor-made building blocks on solid support, monodisperse and sequence-
controlled oligo(amidoamine) scaffolds were synthesized that allow for the 
multivalent presentation of sugar ligands. Here we extend on this concept 
using a split & combine approach to have access to a small library of linear 
and branched glycomacromolecules. First, a novel building block is introduced 
placing an azide side chain in the scaffold and allowing for Cupper mediated 
azide-alkyne cycloaddition (CuAAC) of readily available propargyl 
functionalized glycans. After assembly of the linear scaffold on solid support, 
the resin beads are divided in two, where one part is end capped and further 
used as scaffold and the other part is functionalized with propargylated α D 
mannopyranoside in the sidechain, end capped with an alkyne and finally 
cleaved from solid support. The linear, glycosylated and alkynylated 
macromolecules are then clicked to the end capped scaffolds via CuAAC to 
give final branched glycomacromolecules. In this way, precision 



glycomacromolecules with molecular weights from 2.8 to 6.6 kDa with two and 
three branches, respectively, have been synthesized carrying two to six sugar 
residues per molecule. The obtained linear and branched precision 
glycomacromolecules were then subjected to first binding studies using model 
lectin Concanavalin A in a direct binding assay via surface plasmon 
resonance. 

COLL 620 

Polymeric nanocapsules for theranostics 

Beatriz Pelaz1,2, beatriz.pelaz@gmail.com. (1) Center for Research in 
Biological Chemistry and Molecular Materials (CiQUS), Santiago de 
Compostela, Spain (2) Colloids and Polymer Physics Group (GFCP) 
Condensed Matter Physics Area Faculty of Physics, Universidade de 
Santiago de Compostela, Santiago de Compostela, Spain 

The use of the layer-by-layer (LbL) technique allows for the deposition of 
differently charged polyelectrolytes in any surface or colloidal template. Here, 
we described the deposition onto nanometric-sized CaCO3 cores used as a 
sacrificial template to produce hollow nanocapsules of sizes ranging from 200 
nm to 600 nm. The fabrication of these materials is totally tunable. Thus, the 
encapsulation of drugs for delivery in the CaCO3 core is proposed. Moreover, 
the loading of nanoparticles (NPs) between the polyelectrolyte layers is also 
possible. By the combination of drugs and NPs with capabilities as imaging 
contrast agents such as iron oxide NPs, a robust theranostic platform can 
easily be obtained. The morphology of the polymeric nanocapsules was 
characterized by dynamic laser scattering (DLS), scanning electron 
microscopy (SEM), transmission electron microscopy (TEM) and UV-Vis 
spectroscopy. The loading per capsule was also determined. 

COLL 621 

Targeted delivery of zinc phthalocyanine (ZnPc) using liquid crystal 
nanoparticle for effective photodynamic therapy 

Okhil K. Nag2, okhilnag@gmail.com, Jawad Naciri2, Kelly Burn1, James 
Delehanty2. (1) US Naval Research Laboratory, NRC Postdoc, Washington 
DC, District of Columbia, United States (2) US Naval Research Lab, 
Washington, District of Columbia, United States 



Zinc phthalocyanine (ZnPc), an effective drug for photodynamic therapy 
(PDT), generates reactive oxygen species (ROS) to kill cancer cells upon 
laser irradiation. ZnPc is highly hydrophobic and sparingly soluble in water 
which poses significant challenges for its specific and targeted cellular 
delivery. It has been reported that subcellar localization of ZnPc can improve 
therapeutic efficacy in PDT. However, there have been limited efforts to 
deliver ZnPc into subcellar localizations. Here, we have developed a liquid 
crystal NP (LCNP)-based delivery system for encapsulation and targeted 
delivery of ZnPc to the plasma membrane bilayer. LCNP-encapsulated ZnPc 
(ZnPc-LCNP) was conjugated to targeting ligands such as PEGylated 
cholesterol for specific delivery to plasma membrane and mitochondrial 
membrane. In addition, an organic chromophore perylene (PY) was co-
encapsulated with ZnPc in LCNP for the dual purpose of optical tracking and 
FRET-based generation of ROS via indirect excitation of ZnPC in LCNP. The 
ability to generate ROS and the therapeutic efficacy of ZnPc-LCNP upon 
direct or FRET-based excitation in cells will be discussed. 

COLL 622 

Theragnostic approach for early diagnosis of Alzheimer disease 

Manuel Rodriguez-Perez1, Beatriz Pelaz3, Pablo Aguiar4, Ramon Iglesias-
Rey1, Laura Vazquez-Vazquez1, Juan Pias-Peleteiro1, Jose Manuel Aldrey-
Vazquez1, Francisco Campos1, Jose Castillo1, Pablo del Pino2, Tomas 
Sobrino1, tomas.sobrino.moreiras@sergas.es. (1) Clinical Neurosciences 
Research Laboratory, Health Research Institute of Santiago de Compostela, 
Santiago de Compostela, A Coruña, Spain (2) C/ Mariano Esquillor, University 
Zaragoza, Zaragoza, Spain (3) Centro Singular de Investigación en Química 
Biolóxica e Materiais Moleculares (CIQUS), and Departamento de Física de 
Partículas, Universidade de Santiago de Compostela, Santiago de 
Compostela, A Coruña, Spain (4) Molecular Imaging Group, Health Research 
Institute of Santiago de Compostela, Santiago de Compostela, A Coruña, 
Spain 

Alzheimer’s disease (AD) is the leading cause of dementia and loss of 
autonomy in the elderly, implying a progressive cognitive decline and 
limitation of social activities. Progressive aging of EU population will increase 
the magnitude of this problem in the next decades. Currently, there is not an 
effective method for the early diagnosis of AD. Therefore, there is an urgent 
need to develop new effective early diagnostic and therapeutic strategies to 
help in delaying the appearance of the most adverse symptoms of this 
disease. To defeat this challenge, this project bases its approach on the 



importance of beta-amyloid oligomers in the early pathophysiological 
processes of AD. The effective strategy will be based on two fundamental 
pillars; on one hand, efforts will be focused on multimodal PET/MRI imaging 
which is gaining relevance as the best solution for diagnostic purposes due to 
the complementary advantages of both technologies, combining the high 
structural characterization of tissue provided by MRI with the enhanced 
sensitivity of PET imaging. On the other hand, the challenging development of 
a theragnostic nanostructure will be focused on beta-amyloid oligomers 
detection, which would have to deliver theragnostic agents into the brain to 
provide in situ diagnostic and therapeutic effects. 
Our design is based on iron oxide nanoparticles doped with zinc and 
manganese, stabilized with oleic acid/oleylamine in organic solvents, which 
are transferred to the aqueous phase by coating with an amphiphilic polymer 
(dodecyl-grafted-poly(isobutylene-alt-maleicanhydride, in the followign 
referred to as PMA). Modified-PMA confers colloidal stability to the NPs in 
high ionic strength media and provides several chemical groups (e.g., 
carboxyl, dibenzocyclooctyne, furfuryl, etc.) for further functionalization with 
other macromolecules, including homing antibodies, polyethylene glycol, 
PET(Zirconium-89)/fluorescence markers, etc. 
Therefore, this study focuses on developing theragnostic nanostructures that 
specifically recognize very-early molecular markers of AD, and can be 
detected by means of non-invasive imaging methodologies (MRI and/or PET, 
which are already common techniques accessible in most hospitals) and 
eventually provide a therapeutic action if needed. 

COLL 623 

Cluster-nanocarrier MRI contrast agents 

Sarah L. Stoll1, sls55@georgetown.edu, Vidumin Dahanayake2, Edward 
VanKeuren1, Olga Rodriguez3, Chris Albanese4. (1) Georgetown University, 
Washington, District of Columbia, United States (2) Chemistry, Georgetown 
University, Silver Spring, Maryland, United States (3) Molecular Oncology, 
Georgetown University, Washington, District of Columbia, United States 

Our lab has developed a series of clusters and nanocarriers that can be 
combined to produce novel MRI contrast agents. Two of the nanocarriers are 
polymeric, hydrophobic polystyrene and hydrophillic polyacrylamide while two 
are different structure types of mesoporous silica nanoparticles. We have 
combined these carriers with manganese and iron oxo clusters to produce 
MRI contrast agents with strong T1 and T2 properties. These nanocarriers 
can also incorporate fluorescent dyes, and the combined multimodal material 



has been demonstrated using both confocal microscopy as well as phantom 
MRI. The surface chemistry of the nanocarriers has also been investigated to 
determine the role of charge on cell viability, and cellular incorporation. 

COLL 624 

Colloidal tetrapyrroles as high contrast, multimodal biomedical imaging 
agents 

Jonathan F. Lovell, jflovell@buffalo.edu. Biomedical Engineering, State 
University of New York at Buffalo, Buffalo, New York, United States 

For hundreds of millions of years, heme has served as a bright red contrast 
agent for animals to recognize vascular injury. Other tetrapyrroles have been 
used in contrast detection methods dating to 1921 for fluorescence, 1951 for 
positron emission tomography (PET) and 1987 for magnetic resonance. With 
high extinction coefficients in the near infrared, naphthalocyanines are well-
suited for photoacoustic imaging, when suitably formulated. Since they can 
seamlessly chelate copper-64, they can also serve as convenient PET 
contrast agents. We will discuss recent approaches for formulating 
hydrophobic tetrapyrroles using 1) lipid conjugation and 2) surfactant stripping 
approaches. These nanoformulations have unique properties and have 
demonstrated utility in higher order multimodal imaging, as well as high 
contrast imaging for optical photoacoustic imaging in deep tissue (> 10 cm). 

COLL 625 

Hybrid nanocomposites based on nanoMOFs and nanoparticles for 
theragnostic applications 

Pablo del Pino, pablo.delpino@usc.es. CIQUS, Universidad de Santiago de 
Compostela, Santiago de Compostela, Spain 

In recent years, the interest in nanoscale materials for teragnostic 
applications, for instance against cancer, has increased. The present work 
has been focused on the synthesis and study of multifunctional hybrid 
nanostructures, composed of inorganic nanoparticles (NPs) and nanoscale 
metal-organic-frameworks (MOFs). Thus, hybrid materials with properties 
derived from inorganic NPs and large/versatile encapsulation properties were 
produced. The hybrid nanostructures were synthesized by growing ZIF-8 
(Zeolitic Imidazolate Framework based on Zn2+) around pre-stabilized NPs. 
UV-Vis spectroscopy, X-ray diffraction and dynamic laser-light scattering 



(DLS) were performed in order to characterize the physicochemical properties 
of the composites. Aditionally, the composites morphology was characterized 
by scanning electron microscopy (SEM) and transmission electron microscopy 
(TEM). Encapsulation and release of several antitumoral drugs was also 
investigated. 


