
COLL 1 

Multilayer nanoconfinements with encapsulated dendrimers for “wolf and lamb”-
type catalysis 

Fabian Mitschang1, fabian.mitschang@uni-bayreuth.de, Barbara K. Dettlaff2, Armido 
Studer2, Andreas Greiner1.  (1) Department of Chemistry, University of Bayreuth, 
Bayreuth, Bavaria 95440, Germany  (2) Department of Organic Chemistry, University of 
Muenster, Muenster, Rhine-Westphalia 48149, Germany 

In the nanoscale world, a variety of different effects can either compete or supplement 
each other, affecting both the structure and properties of a system. The corresponding 
methods are a great tool and can lead to promising enhanced or novel materials yet the 
combination of multiple techniques remains a challenge. 

Poly(p-xylylene) (PPX) nanotubes have been shown to physically trap large 
poly(amidoamine) (PAMAM) dendrimers, allowing for site-isolated catalysis. The 
dendrimers can easily be functionalized and subsequently equipped with the desired 
catalyst. Alternatively, PAMAM can be used to wrap and hence stabilize metal 
nanoparticles. An alkyne-functionalized PPX on the surface can be used to click on a 
second catalyst that is otherwise incompatible with the encapsulated one. The result is 
a versatile “wolf and lamb”-type catalyst system that can be used for one-pot reaction 
cascades. 

 

 
 

The highly hierarchical hybrid system is incrementally assembled: The electrospinning 
process of PAMAM together with a polyurethane matrix polymer produces one-
dimensional composite template nanofibers. After coating with a separative PPX layer, 
the alkyne-functionalized PPX is deposited, and the inner template core is extracted. 
Current studies are investigating the suitability of the prepared anisotropic confinement 
as a selective nanoreactor. 

COLL 2 



Metal complexes of resorcinarene bis-crowns and bis-thiacrowns as materials for 
nanostructured crystals, films, and particles 

Kaisa Helttunen1, kaisa.j.helttunen@jyu.fi, Patrick Shahgaldian2, Kirsi Salorinne1, Maija 
Nissinen1.  (1) Department of Chemistry, Nanoscience Center, University of Jyväskylä, 
Jyväskylä, Finland  (2) School of Life Sciences, Institute of Chemistry and Bioanalytics, 
University of Applied Sciences Northwestern Switzerland, Muttenz, Switzerland 

Resorcinarenes, as well as closely resembling calixarenes, have long been used as 
supramolecular receptors for cations, anions, and small organic molecules.1 The 
shallow basket-shaped binding site at the upper rim of resorcinarenes is ideal for 
molecular recognition, whereas, tuning of the lower rim alkyl chain length provides a 
means to control the self-assembly of the resorcinarenes. We have synthesized a series 
of resorcinarene bis-crowns and bis-thiacrowns by appending the upper rim of tetra O-
methyl resorcinare with two crown ether or thia-crown bridges.2 Bridging locks the 
resorcinarene skeleton in a boat conformation and creates two selective binding 
pockets for alkali metal and silver cations. Self-assembly of resorcinarene bis-
(thia)crowns and their metal complexes has produced nanostructured materials in forms 
of crystalline nanorods, capsules and bilayers, as well as soft nanomaterials, such as 
solid lipid nanoparticles and Langmuir-Blodgett films. The spectroscopic and 
antibacterial properties of these structures are addressed. 
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COLL 3 

Organic functional π-conjugated molecule in optoelectronics 



Kenji Matsuda, kmatsuda@sbchem.kyoto-u.ac.jp.Department of Synthetic Chemistry 
and Biological Chemistry, Graduate School of Engineering, Kyoto University, Kyoto, 
Japan 

Diarylethene is a photochromic π-conjugated molecule, which is potentially applicable to 
various optoelectronic devices. By preparing the diarylethene-Au nanoparticles network 
made of diarylethene dithiophenol, the completely reversible photoswitching of 
conductance through the organic molecule has been achieved. Upon irradiation with UV 
light the conductance increased significantly and then by irradiation with visible light the 
conductance decreased. The maximum ON/OFF ratio of the conductance was 25-fold. 
By using 2-thienyl-type diarylethene, which has an opposite direction of switching of the 
π-conjugated system compared with the 3-thienyl-type diarylethene, the opposite 
behavior to 3-thienyl-type diarylethene was observed. Upon irradiation with visible light, 
the conductance increased. The maximum ON/OFF ratio was 3.8-fold. 
The nature of π-conjugated wire is characterized by the decay constant β of electron 
tunneling. To evaluate the decay constant, intramolecular magnetic exchange 
interaction was experimentally and theoretically examined for bis(nitronyl nitroxides) and 
bis(verdazyls) bridged by several π-conjugated wires. For p-phenylene, β was 
determined as 0.51 and 0.42 A by ESR measurement and DFT calculation, 
respectively. The obtained β values are in good agreement with the experimental and 
theoretical value of the molecular tunneling conductance. 

COLL 4 

Cooperative supramolecular polymerization: Influence of metallophilic 
interactions and self-sorting processes 

Gustavo Fernandez, gustavo.fernandez@uni-wuerzburg.de, Maria Jose Mayoral, 
Vladimir Stepanenko, Christina Rest.Institut für Organische Chemie, Universität 
Würzburg, Würzburg, Bayern 97074, Germany 

Cooperativity is a phenomenon that plays a key role in numerous natural processes 
such as the supramolecular polymerization pathways in virus assemblies. A rational 
approach to unveil the complexity of these systems lies in the investigation of the 
mechanisms involved in the self-assembly of their artificial counterparts. 

We have investigated the influence of self-sorting processes,1 π-π2 and metal-metal 
interactions3 on the supramolecular polymerization of different 
oligophenyleneethynylene (OPE) derivatives. Pt···Pt and Pd···Pd interactions induce 
the cooperative supramolecular polymerization and gelation of a series of OPE 
derivatives (Figure 1a), whereas the aqueous mixture of two OPE derivatives can lead 
to either independent micellar associates or ribbon-like co-aggregates depending on the 
concentration (Figure 1b). 



 

 
 

Figure 1.a) Chemical structures of different OPE-based metallosupramolecular systems 
and representation of their self-assembly, gelation and UV-Vis changes upon 
aggregation. b) Self-recognition vs cooperative co-assembly in a mixture of OPEs. 

1. a) Safont-Sempere, M. M.; Fernández, G.; Würthner, F. Chem. Rev., 2011 , 111, 
5784. b) Mayoral, M. J.; Rest, C.; Schellheimer, J.; Stepanenko, V; Fernández, G. 
Chem. Eur. J., 2012 , 18, 15607. 

2. Florian, A.; Mayoral, M. J.; Stepanenko, V.; Fernández, G. Chem. Eur. J., 2012 , 18, 
14957. 

3. a) Mayoral, M. J.; Fernández, G. Chem. Sci., 2012 , 3, 1395; b) Mayoral, M. J.; Rest, 
C.; Stepanenko, V.; Schellheimer, J.; Albuquerque, R. Q.; Fernández, G. J. Am. Chem. 
Soc., 2013 , 135, 2148. 

COLL 5 

Two-photon fluorescence activation at single molecule level with a plasmonic 
nanoswitch 

Stefania Impellizzeri1, stefania@photo.chem.uottawa.ca, Sabrina Simoncelli2, 
Françisco M. Raymo3, Pedro F. Aramendia2, Juan C. Scaiano1.  (1) Department of 
Chemistry, University of Ottawa, Ottawa, ON K1N 6N5, Canada  (2) Departamento de 
Química, Inorgánica, Analítica y Química Física, INQUIMAE, Buenos Aires, 
Argentina  (3) Department of Chemistry, University of Miami, Miami, FL 33136, United 
States 

Visible light excitation of the surface plasmon (SP) of silver nanoplates (AgNPs) on a 
thin polymer film can effectively localize and concentrate the excitation power within 



volumes of nanoscaled dimensions. The light confinement effect and the enhanced 
reaction field can be used to increase the cross-section of organic molecules for 
multiphoton absorption. We report the plasmon-assisted two-photon isomerization of a 
photochrome-fluorophore dyad, designed to switch reversibly between a nonfluorescent 
and a fluorescent state in response to the photochromic transformation. The switchable 
assembly consists of a photochromic oxazine chemically conjugated to a coumarin 
moiety. We demonstrate that the two-photon ring opening reaction and the subsequent 
activation of the fluorescence at 685 nm of the photogenerated isomer can be 
performed by visible laser illumination of the SP of AgNPs, and that the process can be 
exploited for the detection of single molecules with improved resolution and localization 
power. Within the resulting system, a single laser operating at 633 nm can be used both 
for activation (λAc) and excitation (λEx) of the emissive isomer at the nanometer scale, 
reducing the time of the experimental protocol and the instrumental cost.  

 
 

COLL 6 

Supramolecular conjugated polymers: Nanostructures with delocalized electronic 
properties derived from the assembly of pi-conjugated oligopeptides 

John D. Tovar, tovar@jhu.edu.Johns Hopkins, United States 

We developed synthetic approaches to incorporate a wide variety of pi-conjugated 
functionality into the backbones of water-soluble peptides, such as fluorophores, 
reactive polymer precursors, and typical n-type and p-type semiconductors. These 
molecules self-assemble in aqueous media into 1-D nanomaterials with diameters 
under 10 nm and lengths of microns. These materials ultimately lead to the formation of 
self-supporting hydrogels that can be prepared with either randomly dispersed or 
globally aligned nanostructure components. In this presentation we will describe the 
synthesis and optoelectronic characterization of these new nanomaterials using 



electronic spectroscopy and their integration into functional bioelectronic transistors. 
Prospects for using the peptide sequences to elicit biological adhesion or other specific 
responses will be addressed. 

COLL 7 

Functional (photonic and magentic) supramolecular molecular nano/micro scale 
solids 

Rajadurai Chandrasekar, chandrasekar100@yahoo.com.School of Chemistry, 
University of Hyderabad, Hyderabad, AP 500046, India 

Bottom-up and top-down fabrication of multidimensional (0-2D) nano/micro scale solids, 
patterns and arrays from tailor made supramolecules/metal complexes with specific 
electronic properties (magnetic, and optical) are at the centre stage of nanoscience and 
technology. In my talk, a procedure for controlled generation of well-defined 
supramolecular nano/micro scale solids from functional organic ligand molecules[1-9] and 
utilization of the reactive nano/micro surface to incorporate phosphor metals to achieve 
tunable luminescent will presented.[3,4] Besides some of our original experimental results 
on the interaction/guidance of laser light within the self-assembled organic tubes having 
dimensions close to the wave length of light and its applications in nano scale remote 
sensing will also be revealed.[1,5,11] Similarly, fabrication of paramagnetic tubular solids 
and the use of confined laser light in determining the nano scale defect spin sites 
inherited during the tube growth process via Raman scattering will be presented. At last, 
following a top-down approach, soft lithographic patterning of spin crossover metal 
complexes into a highly ordered and spin-state switchable nano/micro scale 
patterns/arrays will also be discussed.[6,10,]  

 

 
 



COLL 8 

Polymer nanochemistry: Ultra-small reactors and sensors 

Pavel Anzenbacher, Jr., pavel@bgsu.edu.Department of Chemistry and Center for 
Photochemical Sciences, Bowling Green State University, Bowling Green, OH 43403, 
United States 

We will discuss a method of deposition of rectangular grids of two nanofiber types, each 
nanofiber doped with a different reagent. Heat-welding of the softened nanofibers 
results in mixing the contents of the fibers at the intersection establishing a mixed 
junction where the reagents react. The concentration of the reagents in the fiber after 
evaporation of the solvent is 0.5 mmol/L, which corresponds to 2.5 zeptomoles 
(2.5×10E-21 moles, ca 1500 molecules) of a product in an attoreactor. The nanofibers 
can be deposited as individual fibers or in the form of mats that yield multiple attoliter 
reactors. We will also discuss the synthesis of multiple fluorescent sensors within one 
nanofiber mat, which would then serve as an optically encoded, (wavelength-
addressable) cross-reactive attosensor array for sensing of metal ions. 

COLL 9 

Polymeric supramolecular nanomaterials 

Stuart J Rowan, stuart.rowan@case.edu.Department of Macromolecular Sci & Eng, 
Case Western Reserve University, Cleveland, Ohio 44106-7202, United States 

Utilizing non-covalent interactions to access controlled molecular assemblies as well as 
to influence communication between different components is a critical concept in most 
biological processes and natural biomaterials. Transferring this approach to designed 
synthetic polymer systems potentially opens the door to materials that exhibit unusual 
structural, mechanical and functional properties. The reversible nature of the non-
covalent bond allows, when molecules are designed correctly, to access complex self-
assembled architectures, as well as to a new generation of adaptive, stimuli-responsive 
materials. As such, the designed utilization of supramolecular chemistry in the field of 
polymer science has seen a dramatic growth in the last decade or so. We have been 
interested in the potential of such systems to access new material platforms and have 
developed a range of new supramolecular materials that can adapt their properties in 
response to a given stimulus. This lecture will focus on some of our recent results in this 
area where the nanoscale assembly plays a critical role in the macroscopic properties of 
the resulting material. 

COLL 10 

Fate of photocarriers in colloidal quantum dot solids and solar cells 



Edward H. Sargent, ted.sargent@utoronto.ca.Electrical and Computer Engineering, 
University of Toronto, Toronto, Ontario M5S 3G4, Canada 

Light absorption colloidal quantum dots is followed by some combination of relaxation to 
the quantum-confined bandedges; further relaxation to a Stokes-shifted level; and, 
potentially, by capture of charges to traps. Ensuing transport typically relies on thermal 
or field-induced reexictation to a transport level; which in turn leads to drift or diffusive 
motion, potentially followed by capture to rare deeper traps, recombination centres, or 
quantum traps. I will review the growing understanding of these processes; their 
implications for solar cell operation; and progress in minimizing carrier and energy loss 
in colloidal quantum dot photovoltaics. 

COLL 11 

Developing quantum dot solids for thin-film photovoltaics 

Matt Law, lawm@uci.edu.Department of Chemistry, University of California, Irvine, 
California 92697, United States 

Colloidal semiconductor quantum dots (QDs) are attractive building blocks for solar 
photovoltaics (PV). In this talk, I will provide an overview our ongoing efforts to design 
lead salt QD thin film absorbers for next-generation PV. Basic requirements for QD 
absorber layers include efficient light absorption, charge separation, charge transport, 
and long-term stability. I will first discuss several methods used to make conductive QD 
films by solution deposition and ligand exchange. Studies of carrier mobility as a 
function of basic film parameters such as inter-QD spacing, QD size, and QD size 
distribution have led to a better understanding of charge transport within highly 
disordered QD films. Efforts to improve carrier mobility by enhancing inter-dot electronic 
coupling, passivating surface states, and implementing rudimentary doping will be 
highlighted. Engineering the inter-QD matrix to produce QD/inorganic or QD/organic 
nanocomposites is introduced as a promising way to optimize coupling, remove surface 
states, and achieve long-term environmental stability for high-performance, robust QD 
films. To obtain large photocurrent from QD solar cells, it is critical to increase the 
minority carrier diffusion length to rival the optical absorption length, possibly by 
harnessing band-like transport through extended electronic states. The relative roles of 
superlattice order, energy disorder, and surface states in this regard will be 
summarized. The talk will conclude with comments on the prospects for controlled 
doping and rational p-n junction formation in QD systems. 

COLL 12 

Organization of hybrid p-/n-type materials using solution-assembled conjugated 
polymers as templates 

Emily Pentzer, epentzer@gmail.com.Department of Chemistry, Case Western Reserve 
University, Cleveland, OH 44106, United States 



Impactful advances in catalysis, medicine, and energy applications can be accessed 
through control of materials morphology on the nanometer size scale. Specifically, great 
improvements in the power conversion efficiency of plastic-based solar cells are 
expected if alternating, parallel nanoscale domains of p-type and n-type materials span 
two electrodes. To access this morphology, conjugated polymers can undergo solution-
based self assembly to give crystalline fibrillar nanowires which serve as templates for 
the organization of n-type particles and small molecules, ultimately giving alternating 
nanoscale domains of the p-type polymer and n-type particle. This presentation will 
describe the solution crystallization of the archetypical conjugated polymer, poly(3-hexyl 
thiophene) (P3HT), into functional nanowires and the subsequent functionalization and 
assembly with n-type materials. The solution-based crystallization of low band gap 
polymers will also be addressed. 

COLL 13 

Doping nanocrystals to manipulate their optical properties 

Delia J Milliron, dmilliron@lbl.gov, Emory Chan, Raffaella Buonsanti.The Molecular 
Foundry, Lawrence Berkeley National Laboratory, Berkeley, California 94720, United 
States 

For decades, the size-dependent optical properties of semiconductor nanocrystals have 
been explored to elucidate their fundamental electronic nature and develop their 
potential for optoelectronic devices. Recently, substitutional doping has emerged as a 
complementary strategy by which new optical characteristics can be introduced to 
colloidal nanocrystals. I will describe two classes of doped nanocrystals with distinctive 
optical properties. Nanocrystals doped with combinations of lanthanide ions can emit 
visible light following absorption of multiple infrared photons. This upconversion process 
occurs by way of energy transfer between nearby ions. Meanwhile, semiconductor 
nanocrystals doped degenerately with heterovalent ions can exhibit plasmon resonance 
absorption tunable across the mid- and near-infrared. 

COLL 14 

Synthesis and colloidal polymerization of heterostructured nanorods for 
photocatalysis 

Jeffrey Pyun, jpyun@email.arizona.edu.Department of Chemistry & Biochemistry, 
University of Arizona, Tucson, Arizona 85721, United StatesSchool of Chemical and 
Biological Engineering, World Class University Program for Chemical Convergence for 
Energy & Environment, Seoul National University, Seoul, Seoul 151-744, Republic of 
Korea 

We will discuss our recent efforts on the synthesis of heterostructured nanorods based 
on cadmium selenide seeded cadmium sulfide (CdSe@CdS) nanorods that incorporate 
one, or two terminal nanoparticle inclusions of metallic cobalt, or cobalt oxide. 



Characterization of electronic coupling will also be discussed between these 
heterostructured junctions and correlation with photocatalytic properties. 

COLL 15 

Gas phase deposition of dipeptide molecules 

Gokhan Demirel, nanobiotechnology@gmail.com.Department of Chemistry, Gazi 
University, Ankara, --- Please Select --- 06500, Turkey 

Vertically aligned nanostructures have recently attracted increasing interest due to their 
unique properties and they have exploited for variety of applications including field 
emission devices, filter media, superhydrophobic surfaces, synthetic membranes, 
intracellular gene delivery devices, biosensors, composites, logic and memory devices 
and numerous others. Fabrication of well-ordered and aligned nanostructures may 
provide number of advantages in any application where the surface area and the 
alignment of structures are considered key parameters. Besides synthetic materials, 
utilization of biological molecules for creating novel nanostructures is a promising 
approach due to their biocompatibility, extraordinary stability, functional flexibility and 
molecular recognition capability. In particular, dipeptides, which can spontaneously form 
variety of nanostructures within a certain solvent medium, serve as an excellent model 
for the possible applications in biological and non-biological fields. Herein, we 
demonstrated the fabrication and application of well-ordered and vertically aligned 
dipeptide nanostructures based on a simple gas phase deposition. Deposited 
nanostructures were exhibited superhydrophobic property with a very low sliding angle. 
Highly reproducible SERS data have also been obtained after combining deposited 
films with a thin layer of gold. Directional peptide films have been also fabricated based 
on oblique angle deposition (OAD) technique. We believe that such bio-inspired 
materials would have a great impact for several technological applications involving 
catalysis, tissue engineering, and biosensors. 

COLL 16 

Chiral self-assembly of designed amphiphiles: Influences on aggregate 
morphology 

Janis G Matisons1, jmatisons@gelest.com, Thomas G Barclay2, Kristina 
Constantopoulos2, Wei Zhang3, Michiya Fujiki3.  (1) Research and Development, Gelest 
Inc, Morrisville, Pennsylvania 19067, United States  (2) Department of Chemistry, 
Flinders University, Adelaide, South Australia 5043, Australia  (3) Materials Science 
Department, Nara Institute of Science and Technology, Takayama, Ikoma/Nara 630-
0101, Japan 

Improving the design of self-assembled systems is very important for the creation of 
useful nanoscale architectures. In this project a rational approach was used to iteratively 
design and test amphiphiles capable of self-assembly into useful nanostructures. 



Amphiphiles were designed and synthesized for self-assembly into helically based 
nanotubes using L-glutamic acid (Glu) and D-glutamic acid head groups connected 
through an 11 carbon proximal alkyl chain to a diphenyldiazenyl group (Azo), in turn 
attached to a variable length distal alkyl chain. The amphiphiles were self-assembled 
from methanolic aqueous solutions and TEM analysis showed that the chiral 
organization of the assembled morphologies progressively increased up to a distal 
chain length of 8, but then decreased with further distal chain length increases. Both the 
temperature of self-assembly and the solvent composition were shown to influence 
chiral organization. Significant amounts of helically based nanotubes were assembled 
from L-7-Azo-11-Glu, L-8-Azo-11-Glu and the racemic mixture of 10-Azo-11-Glu. In 
contrast to their racemate, single enantiomers of 10-Azo-11-Glu formed less chirally 
ordered twisted ribbons, each with a different twisting direction. This demonstrated that 
both chiral symmetry breaking and molecular-chirality-directed packing were significant 
in the amphiphile self-assembly and that there was interplay between the influence of 
the head group and the azo group in the generation of the chiral structures. 

COLL 17 

Selective self-assembled monolayer functionalised electrodes for photogalvanic 
cells 

Joanna E Slota1, j.slotanewson@cantab.net, Peter Christensen2, Daniel Jun3, Ashwin 
R Usgaocar1, Ali Mahmoudzadeh1, Michael O Wolf2, J Thomas Beatty3, John DW 
Madden1.  (1) Advanced Materials and Process Engineering Laboratory (AMPEL), 
University of British Columbia, Vancouver, BC V6T 1Z4, Canada  (2) Department of 
Chemistry, University of British Columbia, Vancouver, BC V6T 1Z1, Canada  (3) 
Department of Microbiology and Immunology, University of British Columbia, 
Vancouver, BC V6T 1Z3, Canada 

 

 
 

While highly ordered, alkyl self-assembled monolayers (SAMs) are known to block 
charge transfer between the underlying substrate and species in solution, structural 
alterations have allowed selective penetration of particular species. Self-assembled 



molecules with larger head-groups than the cross-section of the attached alkyl-tails 
have shown selectivity for small, hydrophobic molecules, whilst blocking hydrated ions 
such as [Fe(CN)6]

3-(Peng Iet.al., 2001/2003). This selectivity has been touted as a 
simple yet powerful tool for applications such as chemical sensing. 

We propose and develop a new application for such SAMs: to functionalise electrodes 
in photogalvanic cells (PGs). PGs have been a promising branch of solar cell 
technology, where the processes of light absorption of a dye and charge transfer via 
mediating species, occur in the liquid phase. Although theoretically capable of efficient 
solar energy conversion, PGs have not yet attained this potential due to lack of 
selectivity of the electrodes with regard to electron transfer (Albery, 1982). 

Based on the work of Peng et.al., an adapted synthesis of 2-mercapto-3-n-
octylthiophene was developed and used to form SAMs on gold electrode surfaces, 
which were investigated as electrodes for use in a photosynthetic reaction centre based 
PG system (described by Takshi et.al., 2010). We show the SAM to be selective for the 
electron accepting mediator (eg methyl viologen), while excluding electron donating 
mediators. Electrochemical techniques have been applied to assess the degree of 
selectivity, SAM stability, and reduction of protein-fouling. 

COLL 18 

Photoresponsive self-assembled organic nanostructures 

Taehyung Kim1, Rabih Al-Kaysi2, Chris Bardeen1, christob@ucr.edu.  (1) Department 
of Chemistry, U. California, Riverside, Riverside, CA 92521, United States  (2) King 
Abdullah International Medical Research Center, Riyadh, Saudi Arabia 

Nanostructures that undergo well-defined shape changes when exposed to light could 
have applications as actuators or as components of nanoscale machines. 
Photochemically reactive molecules can self-assemble into molecular crystals. By 
controlling crystallization conditions, the size and shape of these crystals can be 
controlled. When these crystals are exposed to light, the oriented molecules undergo 
photochemical reactions that can drive dynamic shape changes of the crystal. If the 
photochemical reaction is reversible, the overall shape changes can also be reversible. 
Using a variety of methods, we prepare different classes of single crystal shapes, 
including nanowires, micro-ribbons, and micro-needles, all composed of photoreactive 
molecules. Depending on the nature of the photochemical reaction, the shape of the 
crystal, and the orientation of the molecules within the shaped crystal, different types of 
motions can be induced by photoexcitation, including expansion, bending, twisting, and 
curling. 

COLL 19 

Synergistic self-assembly of templating scaffolds with building blocks for 
directed synthesis of organic nanomaterials 



Sergey A Dergunov1, sdrgunov@slu.edu, Andrew G Richter2, Mariya D Kim1, Eugene 
Pinkhassik1.  (1) Department of Chemistry, Saint Louis University, St Louis, MO 63103, 
United States  (2) Department of Physics and Astronomy,, Valparaiso University, 
Valparaiso, Indiana 46383, United States 

Surfactants and hydrophobic monomers spontaneously assemble into vesicles 
containing monomers in the surfactant bilayer. In the absence of monomers, surfactants 
form small micelles and large worm-like micelles. Co-aggregation with monomers is 
essential in this synergistic self-assembly. The formation of vesicles was confirmed by 
small angle neutron scattering, small angle X-ray scattering, and dynamic light 
scattering. Polymerization of monomers with crosslinking agents followed by removal of 
surfactants formed hollow polymer nanocapsules. The size of nanocapsules was 
identical to the size of surfactant/monomer vesicles. This work expands the directed 
assembly of nanostructures and shows the feasibility of designing temporary scaffolds 
that would assemble into well-defined aggregates only in the presence of building 
blocks. This new approach may find applications in soft materials and in directed 
assembly of functional nanostructures. 

COLL 20 

Smart lipid nanotubes: Two-way morphology control by pH and redox effects 

Hande Unsal1, unsal@hacettepe.edu.tr, Judith Schmidt2, Yeshayahu Talmon2, Nihal 
Aydogan1.  (1) Department of Chemical Engineering, Hacettepe University, Ankara, 
Turkey  (2) Department of Chemical Engineering, Technion-Israel Institute of 
Technology, Haifa, Israel 

Lipid nanotubes attract more attention recently due to their advantages, mainly their 
high biocompatibility, functionalizable surfaces, simple production procedures and wide 
application areas. The simplest and most advantageous nanotube formation method is 
self-assembly but unfortunately, most of the molecules that self-assemble to form 
nanotubes have complex structures and synthesis procedures, and thus high costs. 
Thus simpler and cheaper molecules are needed. Another important issue is controlling 
the nanotube morphology and interactions between nanotubes and different surfaces or 
guest molecules. In this study the AQNH(CH2)10COOH (AQua) molecule is specially 
designed by considering all the concepts mentioned above. AQua is a multiple stimuli 
responsive molecule which is made pH-sensitive via carboxylic acid and redox-active 
via anthraquinone. It self-assembles to nanotubes in water by only a simple 
heating/cooling procedure. The nanotubes formed by the achiral AQua molecule have 
left-handed chiral structure. These multi-walled nanotubes have a diameter range of 80-
190, nm and length of 4-9 µm. The nanotube morphology can be changed by 

decreasing the solution pH below the pKa value of AQua, ∼4.9. The distance between 
the layers in the nanotube wall increases with decreasing the pH. This morphological 
change is reversible on the molecular level down to pH 3. Alternatively, AQua 
nanotubes can be reduced both chemically and electrochemically with the reduction 

potential of ∼-0.8 V and re-oxidized by exposure to air. Reduction of AQua turns tubular 



structure to much thinner ribbons with width of 12-25 nm. The change in the nanotube 
structure with reduction is reversible to some extent meaning a two-way (pH and redox 
effects) reversible control is possible for our smart nanotubes which is clearly visualized 
by cryo-TEM. We hope that our study will lead to the development of additional 
reversibly controllable, redox-active self-assembled nanotubes having a wide range of 
possible applications. 

COLL 21 

Are catanionic surfactant vesicles toxic to biological cells?  

Veena Rao1, vrao@umd.edu, Ian White2, Srinivasa Raghavan1.  (1) Department of 
Chemical and Biomolecular Engineering, University of Maryland, College Park, College 
Park, MARYLAND 20740, United States  (2) Department of Bioengineering, University 
of Maryland, College Park, Room 2216 Kim Engineering Building, College Park, 
Maryland 20740, United States 

“Catanionic” vesicles, prepared by mixing cationic and anionic surfactants, have a range 
of attractive features. They are easy to prepare since they are spontaneously formed in 
a single step upon addition of surfactants to water (no requirement of intense shear); 

they are unilamellar and show sizes in the nanoscale range (∼ 100-150 nm diameters); 
and they are highly stable, i.e., they retain their size and shape for months. In 
comparison, unilamellar liposomes based on phospholipids are cumbersome to 
synthesize, requiring multiple steps and intense shear (extrusion or sonication); 
moreover, they have limited stability, especially when stored at room temperature. 
Despite the many advantages, catanionic vesicles are not frequently used in the 
pharmaceutical industry because of concerns over their cytotoxicity. Currently, a limited 
amount of data exists in the literature, which together suggest that typical catanionic 
surfactant vesicles are indeed toxic to cells. However, to our knowledge, cytotoxicity of 
catanionic vesicles in comparison to liposomes has not been systematically explored. 
To address this gap in our understanding, we have begun a systematic study of vesicle 
toxicity towards mammalian (MCF-7) cells. A range of vesicles made from different 
cationic and anionic surfactants are being studied. We have examined several variables 
in the context of cytotoxicity, including the surfactant tail length, the nature of the 
surfactant tail (saturated vs. unsaturated), the net charge on the vesicles, and the 
surfactant ratio. An eventual goal is to develop a class of biocompatible catanionic 
vesicles that can be utilized for biomedical applications. 

COLL 22 

Parallel fabrication of nanotextured surfaces through the controlled formation of 
nanowrinkles 

Clifford Engel1, cliffordengel2015@u.northwestern.edu, Mark Huntington2, Alex Hryn2, 
Teri Odom1,2.  (1) Department of Chemistry, Northwestern University, Evanston, IL 



60208, United States  (2) Department of Material Science, Northwestern University, 
Evanston, IL 60208, United States 

The spontaneous generation of wrinkles has been used as a parallel method for the 
fabrication of low cost, large area patterned substrates with sub-micrometer features. As 
a result, wrinkled substrates have been incorporated into biological application to study 
cell adhesion, optical devices to increase efficiency, and electronic devices to improve 
stability against deformation. We have developed a new method of wrinkle fabrication in 
which we can control the wrinkle wavelength, distance between wrinkle peaks, 
continuously from 30 nm to 500 nm. When compared to other wrinkle fabrication 
schemes at similar wavelengths, we can achieve up to a 10-fold increase in final wrinkle 
amplitude as well as control over the final orientation of the wrinkles. 

COLL 23 

Physisorbed polymer-tethered lipid bilayer: A model membrane system of 
adjustable dynamic and elastic properties 

Noor F Hussain1, Amanda P Siegel1, Dan E Minner1, Rainer Jordan2, Juergen Ruehe3, 
Christoph A Naumann1, canauman@iupui.edu.  (1) Department of Chemistry and 
Chemical Biology, Indiana University-Purdue University Indianapolis, Indianapolis, 
Indiana 46202-3274, United States  (2) Department Chemie, TU Dresden, Dresden, 
Germany  (3) IMTEK, University Freiburg, Germany 

Physisorbed polymer-tethered lipid bilayers comprised of phospholipids and 
lipopolymers are fascinating model membrane systems, which allow the controlled 
adjustment of membrane dynamics and elasticity by modifying lipopolymer molar 
concentration in the bilayer. At low lipopolymer concentrations, these supramolecular 
systems are well-suited for biophysical studies on transmembrane proteins in well-
defined environments. At medium and elevated lipopolymer content, physisorbed 
polymer-tethered lipid bilayers are characterized by lipopolymer-induced obstructed 
diffusion and membrane buckling. Interestingly, cholesterol has a significant impact on 
membrane buckling and associated diffusion properties. In the case of lipopolymers with 
amphiphilic polymer moieties, membrane buckling may cause bilayer 
compartmentalization and complex length scale-dependent diffusion properties with 
remarkable parallels to those found in plasma membranes. Mechanical and dynamic 
membrane properties can also be altered by modifying the bilayer number in a polymer-
tethered multi-bilayer stack. As experiments on fibroblasts demonstrate, such multi-
bilayer stacks are excellent cell substrates to probe cellular mechano-sensing. 

COLL 24 

Self-assembly of robust supramolecular surface nanostructures by ionic bonding 

Daniel Skomski, dskomski@indiana.edu, Steven L. Tait.Chemistry, Indiana University - 
Bloomington, Bloomington, IN 47405, United States 



Application of self-assembly strategies to technologically relevant materials requires 
robust interactions between complex organic building blocks at surfaces. These studies 
lead us toward strategies to achieve crystalline, organic films with tailored chemical or 
physical functionality. Ionic bonding in supramolecular networks is a promising strategy 
to self-assemble nanostructures with atomic precision. However, sufficient stability in 
prototypical systems has not been achieved at metal surfaces, likely due to partial 
screening of the ionic interactions. Here, self-assembled ionic surface networks are 
formed by reaction of carboxylate species and an inexpensive ionic reagent, sodium 
chloride, and achieve a degree of thermal stability not previously demonstrated in self-
assembled, non-covalent organic nanostructures at metal surfaces. Molecular-
resolution imaging conducted at a sample temperature of 180 °C illustrates atomic-level 
stability of the supramolecular architectures over many hours. In spite of the non-
directionality of the electrostatic interactions, atomically-precise ordering into a robust 
phase is achieved for the first time through a cooperative effect of ionic interactions and 
metal–organic adsorption. Furthermore, complex carboxylate species that do not 
normally order at metal surfaces due to unfavorable adsorbate-substrate interactions 
can achieve self-organization via the utilized protocol.  

 
 

COLL 25 

Wetting transparency in graphene 

Nikhil Koratkar, koratn@rpi.edu.Materials Science and Engineering, Rensselaer 
Polytechnic Institute, Troy, NY 12180, United States 

In my talk I will show that a monolayer graphene coating does not significantly disrupt 
the intrinsic wetting behaviour of surfaces, where the substrate-water interaction is 



dictated by Van der Waals forces. For such surfaces, the graphene remains transparent 
to the substrate wetting behaviour and remains non-invasive to the substrate-water 
interface. We call this effect the wetting transparency of graphene. Increase in the 
number of graphene layers results in the contact angle transitioning gradually towards 
the bulk graphite value and with more than six layers resulting in the water contact 
angle identical to that of bulk graphite. Molecular dynamics simulations and continuum 
predictions (using the effective interface potential) indicate that graphene's wetting 
transparency is related to its extreme thinness, which only slightly perturbs the Van der 
Waals interaction of water to the underlying substrate. The wetting transparency of 
graphene is however lost on super-hydrophilic surfaces where the wettability is 
dominated by short-range chemical bonding such as the hydrogen bonding networks 
that are typical of the water-glass interface. The wetting transparency effect is also lost 
on super-hydrophobic surfaces. This is because the water contact angle of a suspended 
mono-layer graphene sheet is about 100 degrees. As a consequence, 100 degrees 
represents the maximum water contact angle that can be attained on a graphene 
coated surface. Hence surfaces that show water contact angles significantly above 100 
degrees do not exhibit wetting transparency. The ability to independently tune the 
electronic and other properties of surfaces without disrupting its wetting response could 
have important implications in the design of conducting, conformal and impermeable 
surface coatings with transparent wetting behaviour. I will also discuss the wetting 
behavior of rough surfaces draped with monolayer graphene and discuss the ability of 
graphene drapes to minimize contact angle hysteresis and prevent Casse-to-Wenzel 
state transition on textured (rough) surfaces. 

COLL 26 

Breakdown in the wetting transparency of graphene 

Chih-Jen Shih, cjshih@mit.edu, Qing Hua Wang, Shangchao Lin, Kyoo-Chul Park, 
Zhong Jin, Michael S. Strano, Daniel Blankschtein.Department of Chemical 
Engineering, MIT, Cambridge, MA 02139, United States 

We develop a theory to model the van der Waals interactions between liquid and 
graphene, including quantifying the wetting behavior of a graphene-coated surface. 
Molecular dynamics simulations and contact angle measurements were also carried out 
to test the theory. We show that graphene is only partially transparent to wetting and 
that the predicted highest attainable contact angle of water on a graphene-coated 
surface is 96. Our findings reveal a more complex picture of wetting on graphene than 
what has been reported recently as complete ''wetting transparency.'' 

COLL 27 

On the intrinsic wettability of graphene 

Zhiting Li1, Yongjin Wang1, Andrew Kozbial2, Ganesh Shenoy1, Rebecca McGinley2, 
Patrick Ireland2, Britnni Morganstein2, Alyssa Kunkel1, Sumedh P. Surwade1, Feng 



Zhou1, Lei Li2, Haitao Liu1, hliu@pitt.edu.  (1) Department of Chemistry, University of 
Pittsburgh, Pittsburgh, PA 15260, United States  (2) Department of Chemical and 
Petroleum Engineering, University of Pittsburgh, Pittsburgh, PA 15260, United States 

We present a study on the intrinsic water wettability of graphene grown on a copper 
substrate using chemical vapor deposition. Our result shows that graphene is much 
more hydrophilic than previously believed. 

The water wettability of graphene plays a key role in many of its proposed applications, 
such as DNA sequencing, energy storage, and surface coating. While some studies 
concluded that the water contact ange of graphene is similar to that of graphite and 
therefore graphene is 'hydrophobilic', others argue that graphene is 'wetting transparent' 
in that its wettability is determined by that of the substrate. Our study shows that a 
single layer graphene grown on a copper substrate using chemical vapor deposition is 
intrinsically hydrophilic. Using Infrared (IR) spectroscopy and X-ray photoelectron 
spectroscopy (XPS), we demonstrate that the previously reported hydrophobic nature of 
graphene is entirely due to surface contamination. 

COLL 28 

Permeation of metal ions through graphene-based membranes 

Iskandar Kholmanov, iskandar.kholmanov@austin.utexas.edu, TaeYoung Kim, Zeineb 
Alieva, Jin-Young Kim, Rodney Ruoff.Department of Mechanical Engineering and the 
Materials Science and Engineering Program, The University of Texas at Austin, Austin, 
Texas 78712, United States 

One-atom thick graphene is believed to be practically impermeable to any gas or liquid. 
On the other hand, the transport of molecules through graphene pores allows for size-
dependent permeability of graphene membranes. Structural engineering of graphene 
therefore opens up the possibility to achieve selective molecular transport through 
macroscopic areas of graphene. In contrast to pristine graphene, graphene oxide (G-O) 
has different functional groups that affect its permeability. G-O membranes are 
permeable for water molecules while remaining impermeable for other gas and liquid 
molecules. Such selective permeability of G-O membranes is ascribed to the presence 
of functional groups that provide pathways for water molecules through the G-O 
platelets. 

Here we report experimental studies of permeability properties of G-O oxide and 
reduced graphene oxide (RG-O) films for Li+ ions. In our experiments, permeation of Li+ 
through G-O and RG-O membranes has been investigated using Li+ conductive solid 
electrolyte, G-O or RG-O film, and an oxide layer, all sandwiched between two 
electrodes. Permeability tests were performed by applying external electric field to the 
electrodes. We demonstrate that Li+ ions can reversibly move across the RG-O film 
demonstrating the permeability of RG-O membranes for Li+ ions. In contrast, G-O 
membranes are impermeable for Li+ ions. The obtained results show the possibility to 



tailor the permeability of graphene oxide membranes through modification its chemical 
structure. Detailed mechanism of metal ion permeation/impermeation through RG-O/G-
O membrane films is discussed. The presented studies are promising for development 
of graphene-based membranes for electrochemical devices. 

We appreciate support from NSF (Grant #: DMR-1206986). 

COLL 29 

Understanding and exploiting biomolecular behavior on graphene surfaces 

Rajesh Naik, rajesh.naik@wpafb.af.mil.Air Force Research Laboratory, United States 

The specific interaction of biomolecules with graphene, graphite and carbon nanotubes 
can facilitate the design of new bio-electronic devices. The use of biomolecules for such 
applications is advantageous because the non-covalent interaction of peptides or 
oligonucleotides with graphene does not disrupt the electronic properties of this 
material. Our work has focused on the identification and characterization of peptide 
sequences that interact with graphene and graphene oxide and the exploitation of such 
interactions to create graphene-based biosensors. Interactions between peptides and 
graphene surfaces involve specific amino acid residues; the substitution of such 
residues changes the binding and surface assembly behavior of the peptide. In this talk, 
I will present research results describing the molecular recognition, structure and 
binding kinetics of peptides on graphene surfaces. The results of our recent work on the 
fabrication of graphene-based field effect transistors for chemical and biological sensing 
applications will also be described in this presentation. 

COLL 30 

Noncovalent functionalization of graphene with biomolecules 

William Dichtel1, wdichtel@cornell.edu, Jason A. Mann1, Thomas Alava2, Harold G 
Craighead2.  (1) Department of Chemistry and Chemical Biology, Cornell University, 
Ithaca, NY 14853, United States  (2) Department of Engineering and Applied Physics, 
Cornell University, Ithaca, NY 14853, United States 

We recently introduced a tripod-shaped compound, which forms monolayers on 
graphene and allows functionality to be interfaced in a controlled fashion. Tripod 
monolayers are 1000 times more stable to desorption than simple aromatic groups, and 
molecular footprint calculations suggest that the tripods adopt the expected upright 
configuration on the graphene surface. The function and specificity of graphene 
biosensors rely on assembling active recognition elements on the surface, ideally 
through noncovalent interactions that preserve its superior electronic properties. 
Noncovalent-functionalization strategies to attach biomolecules to SLG are therefore of 
significant interest. The activity and selectivity of proteins whose function relies on a 
specific tertiary or quaternary structure, including antibodies and enzymes, had not 



been demonstrated unambiguously. We found that both an anti-E. coli antibody and the 
lectin protein, Concanavalin A, denature on graphene-functionalized substrates. Both of 
the biomolecules retain their recognition functions when immobilized on a monolayer of 
the tripod molecules, pointing the way forward for electroactive biosensors. 

COLL 31 

Graphene: A biocompatible protection film in biological environment 

Weixia Zhang1, zhang342@purdue.edu, Chen Yang1,2.  (1) Department of Chemistry, 
Purdue University, West Lafayette, IN 47906, United States  (2) Department of Physics, 
Purdue University, West Lafayette, IN 47906, United States 

Corrosion of metal in biomedical devices, such as metal joint replacements, could cause 
serious health problems to patients. Currently ceramics coating materials used in metal 
implants are able to reduce corrosion to some extent with limitations. In this paper, we 
proposed graphene as a biocompatible protective film for metal surface potentially for 
biomedical applications. We confirmed that graphene film effectively inhibits Cu surface 
from corrosion in biologically relevant aqueous environment, phosphate buffered saline 
and cell medium. We demonstrated effective inhibition of corrosion by graphene coating 
in vitro. Cell viability tests with presence of single layer and bilayer graphene coated Cu 
surface suggested graphene greatly eliminates the toxicity of metal surface by inhibiting 
corrosion and reducing the concentration of Cu ions produced. To address the durability 
of graphene protection limited by the defects in graphene film, we demonstrated that 
thiol derivatives assembled on graphene coated Cu surface can enhance the protection, 
resulting in twice higher cell viability compared to graphene without thiol 
functionalization. In addition, transferred monolayer graphene was also tested as a 
protective layer on Cu foil surface. Our results open up the potential for using graphene 
coating to protect metals in biological system. 

COLL 32 

Toward multifunctional wet chemically functionalized graphene 

Dirk M Guldi, guldi@chemie.uni-erlangen.de.Department of Chemisty and Pharmacy, 
University of Erlangen, Erlangen, Germany 

Currently, graphene, a two-dimensional, π-conjugated honeycomb carbon network, 
emerges as one of the most potent materials to revolutionize next generation 
technologies. However, its applicability is impeded by the difficulties to produce high 
quality material, on one hand, and to handle large amounts in solution, on the other 
hand. As a matter of fact, the latter constitutes a contemporary challenge in the 
chemistry and technology of graphene. Notably, pristine graphene nanosheets are 
intrinsically insoluble in virtually any solvent, which, in turn, renders its chemical 
functionalization mandatory prior to any processing.  



A very powerful strategy to overcome its intrinsic insolubility encompasses the 
preparation of highly-concentrated and highly-stable exfoliated graphene nanosheets in 
the form of wet chemically functionalized graphene. Here, either covalent or 
noncovalent functionalization methodologies stand at the forefront of investigations. The 
use of planar, aromatic macrocycles, such as phthalocyanines, porphyrins, 
porphycenes, etc., is particular promising, owing to the fact that they allow 
characterizing and handling large amounts of nanographene in solution and, even much 
more significant, to electronically dope them. 

The scope of this presentation is to highlight nanoscale graphene en route toward wet 
chemically functionalized graphene that unify a number of functions – light harvesting, 
charge separation, and, eventually, catalysis. For all of the examples a full-fledged 
characterization, including a broad range of spectroscopic, electrochemical as well as 
microscopic techniques, is routinely performed to document the success in tuning the 
electronic structure of functional graphene by means of charge transfer and doping 
interactions. 

COLL 33 

Nanoscale investigations of chemical and physical modification of graphene 

Cindy L Berrie1, cberrie@ku.edu, Gregory Smith1, Christina M Edwards1, Jianwei Liu2, 
Judy Z Wu2.  (1) Department of Chemistry, University of Kansas, Lawrence, Kansas 
66045, United States  (2) Department of Physics, University of Kansas, Lawrence, 
Kansas 66045, United States 

In order to take advantage of the outstanding transparency and conductivity of 
graphene for potential device applications, it is clear that the interaction of the graphene 
with the environment will have to be controlled and understood. The doping of graphene 
which occurs through adsorption of materials at the surface alters the electronic 
properties of graphene significantly. This allows control over the work function of 
graphene, which is ideal for solar applications of graphene as a transparent conductor. 
Our recent work looking at the nanoscale modification of graphene either through 
lithographic methods or the chemical or physical adsorption of dopants in the form of 
organic molecules as well as metal nanoparticles will be discussed. AFM-based surface 
potential measurements have been used to monitor on the nanometer length scale the 
local effects of the adsorbates on the graphene and graphene-like materials. 

COLL 34 

Synthesis and characterization of metal doped Silicon nanoparticles 

Susan M. Kauzlarich1, smkauzlarich@ucdavis.edu, Mani P. Singh1, Tonya M. Atkins1, 
Shreyashi Ganguly1, Danielle Carter1, Elayaraja Muthuswamy1, Angelique Y. 
Louie2.  (1) Department of Chemistry, University of California, Davis, Davis, CA 95616, 



United States  (2) Department of Biomedical Engineering, University of California, 
Davis, Davis, CA 95616, United States 

There has been significant interest in photoluminescent Silicon (Si) nanoparticles for 
biological applications because they are considered to be both biocompatible and 
biodegradable. This lab has developed the synthesis of Mn2+ and Fe3+ doped Si 
nanoparticles for combined fluorescent and magnetic properties. By combining 
magnetic resonance imaging (MRI) with optical imaging or positron emission 
tomography (PET), clinical applications become a possibility. The addition of 
paramagnetic ions to silicon nanoparticles allows for optical detection with magnetic 
resonance imaging techniques. A radioisotope can be added to the shell of these 
nanoparticles providing additional detection via PET. The synthesis of metal doped Si 
nanoparticles with zirconia-silica shells will be presented. The resulting nanoparticles 
were characterized by TEM, ICP-MS, UV-vis, FT-IR, relaxivity, EPR, and fluorescence 
spectroscopies. The synthesis and characterization will be presented and the 
nanoparticle properties will be compared. 

COLL 35 

Enhancing the monodispersity and structural tunability of bimetallic 
nanoarchitectures prepared by seed-mediated co-reduction 

Sara E. Skrabalak, sskrabal@indiana.edu.Department of Chemistry, Indiana 
University, Bloomington, Indiana 47405, United States 

The synthesis of size and structurally-controlled bimetallic nanostructures is challenged 
by the difficulty in nucleating a defined bimetallic phase via co-reduction of two metal 
precursors. By providing shape-controlled seeds as preferential sites for bimetallic 
deposition, seed-mediated co-reduction has emerged as a promising route to 
architecturally-controlled bimetallic nanostructures with applications in catalysis and 
chemical sensing. Examples include the synthesis of shape-controlled alloyed 
nanocrystals, symmetrically-branched nanocrystals, and concave core@shell 
nanocrystals from a model Au-Pd system that otherwise incorporates the standard 
ingredients for the seed-mediated synthesis of shape-controlled Au nanocrystals (i.e., 
water, CTAB, and ascorbic acid). Here, the monodispersity and structural tunability of 
these nanostructures are enhanced by the addition of aromatic additives to the model 
system. Both the resultant nanocrystals and their interaction with the aromatic additives 
are characterized and indicate that engineering the nature of this interaction provides 
new opportunities for the size- and shape-tunable synthesis of bimetallic 
nanoarchitectures by seed-mediated co-reduction. 

COLL 36 

Synthesis and electrocatalytic properties of heterostructured cobalt oxide 
nanocomposites 



Jeffrey Pyun, jpyun@email.arizona.edu.Chemistry & Biochemistry, University of 
Arizona, Tucson, Arizon 85721, United StatesSchool of Chemical & Biological 
Engineering, World Class University Program for Chemical Convergence for Energy & 
Environment, Seoul National University, Seoul, Seoul 151-744, Republic of Korea 

We will present an overview of our efforts on the synthesis, functionalization and 
assembly of polymer coated ferromagnetic cobalt nanoparticles as precursors to 
prepare heterostructured cobalt oxide nanowires. A novel synthetic methodology, 
termed, “Colloidal Polymerization” will also be discussed where ferromagnetic 
polystyrene coated cobalt nanoparticles were used as “colloidal monomers” to form 
fused cobalt oxide nanowires. Using a combination of dipolar assembly and a 
nanoparticle conversion chemistryt (e.g., oxidation, galvanic exchange), cobalt oxide 
nanowires with controlled placement of noble metal and semiconductor inclusions has 
been achieved. We will discuss our recent efforts to control the sequence, composition 
and architecture of these dipolar assemblies and the resulting electrochemical 
properties of the converted cobalt oxide nanocomposites. 

COLL 37 

Wet chemistry reversible synthesis of well-defined gold nanowires and their self-
assembly into periodic networks 

Eugene Zubarev, zubarev@rice.edu.Department of Chemistry, Rice University, 
Houston, TX 77005, United States 

This presentation will focus on the synthesis of gold nanowires using monodisperse 
gold nanorods as seed particles. The disproportionation reaction of gold (I) ions 
catalyzed by the surface of metallic gold is found to be the key element of the synthesis. 
Due to high surface curvature of the tips, the packing of CTAB surfactant molecules is 
not as efficient on the tips as it is on the sides of the growing nanowires, which allows 
for highly selective deposition of gold. If the reaction is carried out at low pH, the growth 
occurs only in one dimension, leading to a constant increase in the aspect ratio of 
nanowires and is linearly proportional to the amount of gold precursor. In addition, the 
lengths can be decreased in a controlled fashion if gold(III) ions are used instead of a 
reducing agent. The resulting nanowires were found to self-assemble into periodic 
networks when their solution is slowly dried under a TEM grid. The mechanism of self-
assembly and potential applications of such networks will be discussed. 

COLL 38 

Thermodynamic analysis of quantum dot ligand exchange reaction using 
isothermal titration calorimetry 

Megan Y Gee, gee@email.sc.edu, Yi Shen, Andrew B Greytak.Department of 
Chemistry and Biochemistry, University of South Carolina, Columbia, South Carolina 
29208, United States 



Colloidal semiconductor quantum dots (QDs) synthesized with an organic ligand shell 
for stabilization and monodispersity typically require ligand exchange reactions in order 
to alter their solubility or allow functionalization, especially for further application in a 
biological environment. Studies on the binding of ligands to the surface of QDs allow for 
optimization of the interactions between the nanocrystals and surrounding media, as 
well as physical properties of the QDs themselves such as photoluminescence quantum 
yield. Isothermal titration calorimetry (ITC) is a highly sensitive technique normally used 
for full thermodynamic characterization of specified binding events in biological systems 
in an aqueous phase. We have used ITC to study the sequential chemistry involved in 
quantitative QD ligand exchange reactions. A procedure has been developed for ITC to 
analyze highly purified QDs in a single phase during a complete ligand exchange 
reaction. I will describe the mechanistic factors considered for a more comprehensive 
interpretation of the thermodynamic parameters of the ligand exchange process as 
measured by ITC. A proposed isotherm model describing ligand exchange equilibrium 
constants, coupled with NMR characterization of ligand density and extent of 
adsorption/desorption to the QD surface will also be presented. 

COLL 39 

Silver nanoparticles synthesis with lignin as a reducing and capping agent 

Sixiao Hu, hsixiao@ucdavis.edu, You-Lo Hsieh.Agricultural and Environmental 
Chemistry, University of California-Davis, Davis, CA 95616, United States 

Lignin has proven to be an effective reducing agent to synthesize spherical silver 
nanoparticles from silver nitrate with approaching 100% yield under basic conditions. 
The reaction mechanism and kinetics examined by UV-vis spectroscopy and TEM 
indicated instantaneous reduction of silver cations by lignin and nanoparticle formation 
in two stages: rapid growth and slower pseudo-first order kinetics. The overall reaction 
kinetics were found to be dependent of a combination of pH and temperature whereas 
the particles sizes and size distribution were influenced by the length of reaction time, 
lignin/silver ratio and initial total concentration collectively. Under the optimal condition 
of 2 mmol/L silver nitrate and 0.16wt% lignin at pH 10, silver nanoparticles in bimodally 
distributed average feret diameters of 7.3±2.2 nm and 14.3±1.8 nm were synthesized in 
23/77 proportion. Elucidation of the underlying reaction mechanism and kinetics clearly 
validated the feasibilities of controlled silver nanoparticle synthesis by naturally occuring 
polyphenolics such as lignin. 

COLL 40 

Monodisperse heterostructured Pt@Ag nanoparticles as controllable and 
potential sensing probes 

Anh T.N. Dao, daongocanh3387@gmail.com, Derrick M. Mott, Shinya 
Maenosono.Department of Materials Science, Japan Advanced Institute of Science and 
Technology, Nomi, Ishikawa 923-1292, Japan 



Silver is a significant metal which has novel optical properties in the nanoscale size 
regime. Ag nanoparticles show a wide range of colors corresponding to their localized 
surface plasmon resonance. In addition, Ag has an exceptionally high extinction 
coefficient associated with very high enhancement ability in Raman spectroscopy. 
These characteristics have made it an ideal candidate for use as a probe in sensing and 
biodiagnostics applications. In addition, platinum nanomaterials with high catalytic 
activity have been widely applied in many fields including fuel cells, sensors, etc. By 
building on the well-known properties of this precious metal, Pt has been combined with 
numerous other metals, such as Pd, Au, etc. to increase electro-catalysis, and attempt 
to limit the poisoning of the Pt surface by strongly adsorbed intermediates (e.g CO). The 
Pt-Ag system has received much attention from researchers and scientists because the 
development of Pt-Ag nanoparticles could function efficiently not only as a Pt-substitute 
SERs substrate but also as a Pt-substitute electrocatalyst. Among several 
heterostructures, the core@shell structure could be very interesting and beneficial in 
terms of the combination of catalytic properties of Pt and SERs properties of Ag. 
However, there are still many obstacles in the synthesis of core@shell structures. The 
galvanic replacement reaction poses a challenge to synthesizing uniform Ag@Pt 
core@shell structures, while successful formation of Pt@Ag core@shell NPs is 
hampered by lattice mismatch. This presentation focuses on our recent results in the 
study of Pt@Ag core@shell NPs with controllable size and shell thickness. The Pt@Ag 
core@shell nanoparticles are synthesized in aqueous environment and are 
characterized by using UV-Vis, XRD, HR-TEM, HADDF-STEM, EDS, XPS, and Raman 
spectroscopy. The plasmonic properties and unique electronic structure of this system 
are intriguing and promising for tunable particle probes that can be used in catalytic, 
SERS and other applications. 

COLL 41 

Composition-controlled NIR luminescence of small, colloidal nanoparticle alloys 

Jill Millstone, jem210@pitt.edu, Christopher Andolina.Department of Chemistry, 
University of Pittsburgh, Pittsburgh, PA 15260, United States 

Discrete gold nanoparticles with diameters between 2 and 3 nanometers (nm) show 
remarkable properties including enhanced catalytic behavior and photoluminescence. 
However, tunability of these properties is limited by the tight size range within which 
they are observed. Here, we report the synthesis of discrete, bimetallic gold-copper 

nanoparticle alloys (diameter ≅ 2-3 nm) which display photoluminescent properties that 
can be tuned by changing the alloy composition. Electron microscopy, X-ray 
photoelectron spectroscopy, inductively coupled plasma mass spectrometry, and pulsed 
field gradient stimulated echo 1H NMR measurements show that the nanoparticles are 
homogeneous, discrete, and crystalline. By varying the composition of the nanoparticles 
from 0 % to 100 % molar ratio copper, the photoluminescence maxima shift from 950 
nm to over 1100 nm, with excitation at 360 nm. The resulting particles exhibit brightness 
values (molar extinction coefficient (ε) ∙ quantum yield (Φ)) that are more than an order 



of magnitude larger than the brightest near-infrared emitting lanthanide complexes and 
small molecule probes evaluated under similar conditions. 

COLL 42 

Plasmon-enabled nanoparticle-based chemistry and spectroscopies 

Naomi Halas, halas@rice.edu.Chemistry, Rice University, Houston, TX 77005, United 
States 

While the past decade has seen the almost explosive emergence of the field of 
plasmonics, much credit is due the initial researchers in this field who established 
surface plasmons of metallic nanostructures as playing a key role in certain chemical 
and photophysical processes. In the area of surface enhanced Raman spectroscopy, 
the importance of closely adjacent, coupled metallic nanoparticles was the critical 
insight instrumental to the idea that coupled plasmons of adjacent metallic nanoparticles 
mix and hybridize in analogy with molecular orbital theory. Coupled metallic 
nanostructures can now be exploited in the controlled enhancement of other 
spectroscopic modalities, such as surface-enhanced infrared absorption (SEIRA) 
spectroscopy, where individual nanoantennas with detection sensitivities at zeptomolar 
concentrations- using conventional IR spectroscopic sources- can be tuned to the 
vibrational frequencies of specific chemical moieties. In SEIRA, the “lightning rod effect” 
arising from the nanoscale gap between antenna arms is responsible for the large 
enhancements that can be observed with these structures. Important nonlinear analogs 
of SERS, such as Four-wave mixing (FWM) and surface-enhanced CARS (SECARS), 
can be enhanced in a controlled and systematic manner by utilizing multiparticle 
plasmonic clusters designed with two specific, frequency-offset “bright” or “dark” (Fano) 
resonances. Other plasmon-derived chemical effects, such as the emission of hot 
electrons from metallic nanoparticles due to plasmon decay, hold great promise in the 
development of photocatalysts for chemical reactions and other photophysical 
processes. 

COLL 43 

Multifunctional plasmonic nanorods 

Catherine J. Murphy, murphycj@illinois.edu.Department of Chemistry, University of 
Illinois, Urbana, IL 61801, United States 

Plasmonic nanomaterials, such as gold nanorods, have the potential to produce both 
light and heat upon illumination. The plasmon also produces a large local electric field 
that nearby molecules can sample. In addition to multiple chemical species bound to or 
near the surface of the nanorods to provide multiple functions, heat, light and electric 
fields can modulate those functions. In this talk I will describe recent results from my lab 
in which we assess all of these multiple functions in gold nanorods. 



COLL 44 

Cooperative function in atomically precise nanoscale assemblies 

Paul S. Weiss, psw@cnsi.ucla.edu.Chemistry, and of Materials Science & Engineering, 
and the California NanoSystems Institute, UCLA, Los Angeles, CA 90095, United States 

We use molecular design, tailored syntheses, intermolecular interactions, and selective 
chemistry to direct molecules into desired positions to create nanostructures, to connect 
functional molecules to the outside world, and to serve as test structures for measuring 
single or bundled molecules. Interactions within and between molecules can be 
designed, directed, measured, understood, and exploited at unprecedented scales. 
Such interactions can be used to form precise molecular assemblies, nanostructures, 
and patterns, and to control and to stabilize function. We selectively test hypothesized 
mechanisms by varying molecular design, chemical environment, and measurement 
conditions to enable or to disable function and control using predictive and testable 
means. Critical to understanding these variations has been developing the means to 
make tens to hundreds of thousands of independent single-molecule measurements in 
order to develop sufficiently significant statistical distributions, while retaining the 
heterogeneity inherent in the measurements. We measure the electronic coupling of the 
molecules and substrates by measuring the polarizabilities of the connected functional 
molecules. The next step in such devices is to learn to assemble and to operate 
molecules together, both cooperatively and hierarchically, in analogy to biological 
muscles. We discuss our initial efforts in this area, in which we find both interferences 
and cooperativity. 
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Multiscale plasmonic nanoparticles and the inverse problem 

Teri W Odom, todom@northwestern.edu.Department of Chemistry, Northwestern 
University, Evanston, IL 60208, United States 

This talk will describe how multi-scale plasmonic structures with two or more length 
scales (fine, medium, coarse) can provide an experimental approach to address the 
inverse problem. Specific far-field and near-field optical properties can be targeted and 
compiled into a plasmon resonance library by taking advantage of length scales 
spanning three orders of magnitude, from 1 nm to 1000 nm, in a single particle. 
Examples of multi-scale 1D, 2D, and 3D metal structures created by nanofabrication 
tools will be discussed, with an emphasis on their unexpected optical properties 
compared to similar shapes with smaller sizes. Applications of multi-scale metal 
structures for surface-enhanced Raman spectroscopy and sensing will be described. 

COLL 46 

Nonstationary nanoevents vs. nanoparticles for better nanomedicine 



Dmitri Lapotko, dl5@rice.edu.Department of Biochemistry and Cell Biology, Rice 
University, Houston, TX 7005, United States 

Biomedical functions of plasmonic nanoparticles are usually determined by physical 
properties which are pre-set during their chemical synthesis. These properties are 
assumed to stay constant during continuous or pulsed optical excitation of plasmonic 
nanoparticles. We show that non-stationary excitation with short laser pulse creates 
entirely new transient photothermal and spectral properties of plasmonic nanoparticles 
that do not fit into the above stationary paradigm. Our novel non-stationary approach 
allowed, for example, to shift the spectral peak of standard gold colloids from visible into 
the near-infrared region and to narrow its width from hundreds to 1-2 nanometers, and 
to increase the photothermal efficacy  

 
 
 
. Replacing chemical engineering of sophisticated nanoparticles with the dynamic tuning 
of transient properties of standard and clinically-proved nanoparticles opens principally 
new opportunities for nanomedicine including diagnosis, therapy and theranostics. 
Furthermore, a non-stationary mechanism allowed to replace the photothermal therapy 
that cannot provide single cell selectivity and suffers from high optical and nanoparticle 
doses and their non-specific uptake, by the cell-specific mechanical treatment that can 
rapidly and selectively destroy only pathological cells, deliver drugs and genetic cargo 
and unites diagnosis and treatment in one rapid theranostic procedure. 

COLL 47 

Gold nanorods: A multifunctional agent in the combat against cancer 

Jianxin Wang, xinw@purdue.edu, Jon Mehtala, Mini Thomas, Alexander 
Wei.Department of Chemistry, Purdue University, West Lafayette, Indiana 47907, 
United States 



Cancer remains one of the most challenging global health problem in the 21st century. 
Combinatorial cancer therapy has become increasingly important, as monotherapies 
are generally insufficient to treat cancer cells at different stages of growth. We are 
interested in using gold nanorods (GNRs) to enhance the potency of various therapeutic 
approaches, based on their photothermal properties. GNRs are strongly absorbing at 
near-infrared (NIR) frequencies and can also serve as imaging agents for cancer 
theranostics. Here we present some recent studies from our laboratory on the 
therapeutic application of GNRs in combination with targeted siRNA delivery and 
chemotherapeutic agents, and as sensitizers in radiotherapy. 

COLL 48 

In search of cobalt nanoclusters: Using MALDI to study cobalt-calixarene 
complexes 

Andrew J Evans, ajevans@purdue.edu, Alexander Wei, Zhenguo Chen, Jie Liu, Karl V 
Wood, Connie Bonham.Department of Chemistry, Purdue University, West Lafayette, IN 
47906, United States 

We have ascertained that a hexadecanuclear cobalt (Co16)-calixarene complex can 
undergo thermal decomposition into small (<3 nm) cobalt nanoparticles (CoNPs). 
Analysis of the Co16-calixarene complex by matrix-assisted laser-desorption ionization 
mass spectrometry (MALDI-MS) reveals peak distributions that suggest their favorable 
condensation into well-defined nanoclusters. We hypothesize that the nucleation of 
CoNPs involves capped-cluster intermediates comprised of a discrete number of Co16-
calixarene units, and use MALDI-MS to assess the formation of higher-order species 
during thermolysis, based on changes in peak distribution versus reaction time and 
temperature. 
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Truxene-based functional nanostructures 

Berta Gómez-Lor, bgl@icmm.csic.es, Sandra Gómez-Esteban.Department of New 
Arquitectures in Materials Chemistry, Instituto de Ciencia de Materiales de Madrid 
(C.S.I.C.), Madrid, Madrid 28049, Spain 

Truxene is an aromatic disk-shaped heptacyclic platform that has been extensively 
studied in the field of organic electronics due to its interesting semiconducting and 
highly luminiscent properties. These properties have motivated their wide use as active 
layers, in the construction of OLEDs, solar cells or OFEts. This flat molecule has a 
strong tendency to self-assembly into one-dimensional superstructures due to Π-Π 
interactions. In fact truxenes are highly prone to form columnar mesophases of interest 
in charge transport processes. 



We present a series of trisubstituted triindoles that self-assemble in solution and induce 
the gelation of different solvents. We show how by taking advantage of the delicate 
balance between molecule-molecule and molecule-solvent interactions it is possible to 
control the final morphology of the resulting superstructures from fibrous structures to 
nanospheres. Analysis of the influence of different solvents on the morphology of the 
aggregates has been rationalized by means of 1H-NMR, X-ray powder diffraction, SEM 
microscopy and photophysical measurements. The understanding of the role of solvents 
in the self-assembly points toward the potential use of truxene-based vesicles as 
containers for functional species and long aspect ratio fibres as efficient conducting 
systems. 
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Molecular gold clusters as stimuli-responsive supramolecular modules 

Katsuaki Konishi, konishi@ees.hokudai.ac.jp, Yukatsu Shichibu.Department of 
Environmental Materials Science, Hokkaido University, Sapporo, Japan 

Unlike colloidal clusters/nanoparticles, small clusters with a certain number of metal 
atoms have defined geometric structures and show molecular-like behaviors due to their 
discrete electronic structures. Among them, non-spherical gold clusters are particularly 
interesting because of their unique absorption, photoluminescence and electrochemical 
properties, which are distinctly different from those of the conventional icosahedron-
based spherical clusters. We have recently found such examples in diphosphine-
coordinated clusters (Au7, Au8, Au11), whose non-spherical geometries were 
established by X-ray crystallography. In this presentation we show the unique optical 
properties of two isomeric forms of octagold (Au8) cluster ([Au8L4]

2+ and [Au8L4R2]
2+ ), 

and demonstrate the potential of these clusters for redox-responsive modules based on 
reversible isomerization processes of the Au8 core. We also report the syntheses of 
functionalized Au8 derivatives and their stimuli responsive functions.  

ref) Angew. Chem. Int. Ed., 2011, 50, 7442; Chem. Commun, 2012, 48, 7559. 
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3D anisotropic supercrystals of gold nanorods 

Eugene Zubarev, zubarev@rice.edu.Department of Chemistry, Rice University, 
Houston, TX 77005, United States 

Colloidal crystallization of spherical objects is a well-known phenomenon, yet there are 
very few examples of colloidal crystals composed of anisotropic building blocks. This 
presentation will focus on the evaporative self-assembly of gold nanorods into three-
dimensional superlattices with a long-range positional and orientational order. The 
influence of surface capping ligands and the concentration of free surfactant as well as 



the nature of substrate on the size and orientation of supercrystals will be discussed in 
detail. 

COLL 52 

Self-assembly, interactions, and dynamics in 2D crystalline organic layers at 
surfaces 

Steven L. Tait, tait@indiana.edu, Daniel Skomski, Brandon E. Hirsch.Department of 
Chemistry, Indiana University, Bloomington, Indiana 47405, United States 

The interface between small organic molecules and solid surfaces impacts structure, 
bonding, and charge transfer that will determine electronic and chemical functionality of 
the resulting organic film. We envision the development of self-assembled organic 
layers with a crystalline structure to enhance the performance and stability of organic 
technologies. The study of two-dimensional crystallization of organic materials at 
surfaces provides insight into self-assembly by high-resolution microscopy, which will be 
applied to the design of novel nanostructured materials. We have studied the 
interactions that drive self-assembly and enable highly-ordered and thermally robust 
surface architectures on model metal and graphite surfaces. We use a combination of 
surface analysis techniques in ultra-high vacuum (UHV), including atomic-resolution 
scanning tunneling microscopy (STM), X-ray photoelectron spectroscopy (XPS), high-
resolution electron energy loss spectroscopy (HREELS). We also study self-assembly 
at the liquid-solid interface, where a dynamic equilibrium between surface adsorbates 
and solvated species allows for environmental response of surface architectures. This 
presentation will report recent results in the development of highly-ordered and robust 
organic architectures and the insights that these lend to self-assembly of organic 
nanostructured layers. Control of structure through programmed functional groups on 
the molecular building blocks, intralayer bonding, interlayer bonding, and surface 
templating will be described. These studies have allowed us to achieve crystalline 
molecular ordering beyond the first layer of growth in single component and multi-
component (layered) systems. Studies are ongoing to lead us toward crystalline organic 
films with programmed functionality as well as to explore catalysis on similar systems. 

COLL 53 

High-resolution scanning tunneling microscopy characterization of mixed 
monolayer coated gold nanoparticles 

Quy K Ong, quy.ong@epfl.ch, Javier Reguera, Paulo J Silva, Mauro Moglianetti, Kellen 
Harkness, Francesco Stellacci.Institute of Materials, SUNMIL, École Polytechnique 
Fédérale de Lausanne, Lausanne, Vaud 1015, Switzerland 

The protecting ligand shell of nanoparticles plays a crucial role in determining their 
chemical and biological properties, yet its structure is not well established. By analyzing 
scanning tunneling microscopy (STM) images, it was discovered that a binary mixture of 



thiolated ligands phase separates forming stripe or Janus structures.1, 2 However, the 
images obtained so far could only reveal domains. In addition, theory and simulation 
studies have predicted the existence of many complex morphologies in multicomponent 
ligand shells.3, 4 Thus, it is of strong theoretical and experimental interests to achieve 
STM images at the highest possible resolution from which molecular arrangements of 
the ligand shell can be determined explicitly. Herein, we report our acquisition and 
analysis of high-resolution STM images of mixed monolayer coated Au nanoparticles. 
We show that the ligand shell of Au nanoparticles coated with 11-Mercapto-1-undecanol 
(C11ol) and 4-Mercapto-1-butanol (C4ol) are composed of stripe patterns whose distinct 

head groups are spaced ∼ 0.5 nm and ∼ 1.0 nm along the stripes and in the 
perpendicular direction, respectively. The characteristic length of the stripes shown here 
agrees with the values previously reported.1 In another sample, Au nanoparticles coated 
with mercaptopropionic acid (MPA) and octanethiol (OT) accommodate stripes of 
different wavelengths, i.e. three headgroups and two headgroups wide, and molecular 
“defects”. We also present high-resolution STM images of the Janus structure where 
constitutional ligands and their interfacial boundary are resolved. We believe this 
approach opens the possibility to explore other complex ligand structures to understand 
deeper structure-property relationships of nanoparticles. 

1. Jackson, A. M.; Myerson, J. W.; Stellacci, F., Nat Mater 2004, 3, 330-336. 

2. Stellacci, F.; Et al., 2013, (Submitted). 

3. Pons-Siepermann, I. C.; Glotzer, S. C., ACS Nano 2012, 6, 3919-3924. 

4. Pons-Siepermann, I. C.; Glotzer, S. C., Soft Matter 2012, 8, 6226-6231. 

COLL 54 

Atomic resolution imaging of the covalent assembly of organic nanomaterials on 
surfaces 

Dimas G De Oteyza2,4, Patrick Gorman1, Yen-Chia Chen2,3, Sebastian Wickenburg2,3, 
Alexander Riss2, Duncan J Mowbray5,6, Grisha Etkin1, Zahra Pedramrazi2, Hsin-Zon 
Tsai2, Angel Rubio4,5,6, Michael Crommie2,3, Felix R Fischer1,3, 
ffischer@berkeley.edu.  (1) Department of Chemistry, University of California Berkeley, 
Berkeley, California 94720, United States  (2) Department of Physics, University of 
California Berkeley, Berkeley, California 94720, United States  (3) Materials Science 
Division, lawrence Berkeley National Laboratory, Berkeley, California, United States  (4) 
CSIC/UPV-EHU-Materials Physics Center, Centro de Fisica de Materiales, San 
Sebastian, Spain  (5) Department of Physics, Donostia International Physics Center 
(DIPC), San Sebastian, Spain  (6) Department of Physics, Nano-Bio Spectroscopy 
Group and ETSF Scientific Develoment Center, San Sebastian, Spain 

Observing the intricate chemical transformation of an individual molecule as it 
undergoes a complex reaction is a longstanding challenge in molecular imaging. 



Advances in scanned probe microscopy now provide the tools to visualize not only the 
frontier orbitals of chemical reaction partners and products, but their internal covalent 
bond configurations as well. Here we demonstrate the use of noncontact atomic force 
microscopy to investigate reaction-induced changes in the detailed internal bond 
structure of individual oligo-(phenylene-1,2-ethynylenes) on Ag(100) as they undergo a 
series of cyclization processes. 

 
 
 
Our images reveal the complex surface reaction mechanisms underlying thermally 
induced cyclization cascades of enediynes. Additional evidence for the proposed 
reaction pathways is obtained using ab initio density functional theory. 

COLL 55 

Chiral induction processes at the liquid-solid interface 

Steven De Feyter, steven.defeyter@chem.kuleuven.be.Chemistry, KU Leuven, 
Leuven, NA B-3001, Belgium 

Chiral information at the level of a single molecule can be transmitted into the 
supramolecular level to produce enantiomorphous monolayers belonging to one of the 
five chiral plane groups. Moreover, addition of a small amount of a chiral dopant to a 
molecular network of achiral molecules can change the ratio of left- and right-handed 
domains, even towards one extreme. This chiral perturbation is the 2D analogue of the 
so-called 'sergeants-and-soldiers' effect; the ability of a few chiral units (the sergeants) 
to control a large number of achiral units (the soldiers). Here we discuss chiral induction 
in monolayer formation at the liquid-solid interface, based on the sergeant-and-soldier 
effect or the use of molecular chiral handles. We demonstrate, using scanning tunneling 
microscopy, the issue of surface-confined diastereomeric complex formation and 
enantioselective adsorption, stressing the importance of dynamics at the liquid-solid 
interface. 
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Interfaces and supramolecular surfaces 

Francesco Stellacci, francesco.stellacci@epfl.ch.Institute of Materials, EPFL, 
Lausanne, Switzerland 

The ligand shell of gold nanoparticles coated with disloke mixtures of thiolated 
molecules show the spontanous formation of stripe-like domains with a characteristic 

thickness of ∼ 1 nm. When these molecules are hydrophobic and hydrophilic this 
creates an alternaton of domains that interact differently with solvent molecules at an 
unprecendtly small length scale. In this talk, the effects of these domains on interfacial 
energy will be reviewed, together with all of the consequent properties on interactions 
with lipid bilayers and cell membranes. 

COLL 57 

Probing exciton dynamics in isolated semiconducting polymer and polymer-
composite nanostructures 

Michael D Barnes1,2, mdbarnes@chem.umass.edu, Mina Baghgar2, Joelle Labastide1, 
Adam J Wise1, Emily Pentzer3, Ryan Hayward3, Todd Emerick3.  (1) Chemistry, 
University of Massachusetts-Amherst, Amherst, MA 01003, United States  (2) Physics, 
University of Massachusetts-Amherst, Amherst, MA 01003, United States  (3) Polymer 
Science and Engineering, University of Massachusetts-Amherst, Amherst, MA 01003, 
United States 

This talk summarizes recent work in our group exploring exciton coupling, diffusion, and 
dissociation in isolated polymer and polymer-composite nanoparticles and nanofibers. 
We use a combination of wavelength-, time-, and polarization-resolved 
photoluminescence measurements, from which information on molecular orientation, 
coupling strengths, and time-scales for inter- and intra-chain de-excitation processes 
can be accessed directly. In addition, we discuss near-field optics based absorption 
probes of isolated nanoparticles, nanowires, and other composite molecular 
assemblies. This approach enables access to structural information without 
photoluminescence, which is useful for mixtures of n- and p-type semiconducting 
materials in which the luminescence is usually strongly quenched. 

COLL 58 

Electronically coupled PbS and PbSe QDs and QD solar cells 

Matthew C Beard, matt.beard@nrel.gov.Chemical and Materials Science, National 
Renewable Energy Laboratory, Golden, CO 80401, United States 



We are investigating QD absorber layers for high efficiency energy conversion concepts 
related to solar energy utilization. I will discuss our recent progress in understanding 
carrier generation, carrier transport, and recombination in PbS and PbSe based QD 
solar cells and electronically coupled QD films. I will discuss recent ultrafast transient 
absorption and transient THz measurements on PbSe QD arrays, and impurity doped 
PbSe QDs. In addition, I will discuss temperature dependent PL and IV characteristics 
on 5% PbS QD solar cells. 

COLL 59 

Thin films from colloidal dispersions of copper zinc tin sulfide nanocrystals 

Eray S. Aydil, aydil@umn.edu, Boris D. Chernomordik, Banu Selin Tosun, Donna 
Deng, Amelie Beland.Department of Chemical Engineering and Materials Science, 
University of Minnesota, Minneapolis, MN 55455, United States 

Copper zinc tin sulfide (Cu2ZnSnS4 or CZTS), copper zinc tin selenide (Cu2ZnSnSe4 or 
CZTSe) are being considered as sustainable alternatives to cadmium telluride and 
copper indium gallium selenide, the dominant light absorbing materials in commercial 
thin film solar cells. Thin CZTS films can be synthesized in many different ways 
including coevaporation from elemental sources in vacuum or sulfidation of copper-zinc-
tin films deposited by sputtering. Recent advances in synthetic routes to CZTS 
nanocrystals and CZTS nanocrystal dispersions are beginning to enable alternative low-
cost routes to making thin CZTS films for solar cells. In one strategy, CZTS layers are 
formed by coating appropriate substrates with colloidal nanocrystals from their 
dispersions in various liquids, evaporating the liquid and heating for sintering and grain 
growth. We have been exploring routes to making 1-3 micrometer thick polycrystalline 
thin films with 1-3 micrometer grains (e.g., a monolayer of large grains). First, we 
synthesize 2-25 nm diameter CZTS nanocrystals from copper, zinc and tin 
dithiocarbamate complexes in presence of oleic acid and oleylamine. Dispersions of 
these CZTS nanocrystals are stabilized either in organic nonpolar liquids such as 
toluene or in polar liquids such as water by steric and electrostatic stabilization, 
respectively. Following, we cast thin films from these dispersions onto various 
substrates including quartz and soda lime glass. After deposition, these colloidal 
nanocrystal films are placed in quartz tubes with pure S or pure Se, evacuated to 10-6 
Torr, sealed, and heated for a variable time period at the desired annealing 
temperature. We find that the CZTS nanocrystals sinter and grow to sizes ranging from 
a few hundred nanometers to a few microns. In addition to sintering we observe both 
normal and abnormal grain growth. The extent to which each mechanism determines 
the final film microstructure depends on the temperature, the annealing atmosphere and 
the substrate. 

COLL 60 

Energy relaxation in photoexcited colloidal graphene quantum dots 



Liang-shi Li1, li23@indiana.edu, John A. McGuire2.  (1) Department of Chemistry, 
Indiana University, Bloomington, Indiana 47405, United States  (2) Department of 
Physics and Astronomy, Michigan State University, East Lansing, Michigan 48824-
2320, United States 

Nanostructures of graphene have recently drawn increasing interest because of their 
tunable, finite bandgap. Since graphene is two-dimensional and is made of carbon, a 
light element, quantum confinement in graphene is expected to result in phenomena 
dramatically different from nanostructures of other semiconductors. For example, the 
dimensionality and the low dielectric constant of graphene will lead to stronger carrier 
interactions, having profound implications in the energy relaxation dynamics when the 
graphene nanostructures are photoexcited. In this talk I will present our recent work on 
the energy relaxation in photoexcited colloidal graphene quantum dots. The size effect, 
as well as that of symmetry, will be discussed. 

COLL 61 

Metallic nanowire based flexible transparent electrodes for organic photovoltaic 
solar cells 

Jean-Pierre Simonato1, jean-pierre.simonato@cea.fr, Caroline Celle1, Alexandre 
Carella1, Celine Mayousse1, Solenn Berson2.  (1) Department of Nanomaterial 
Technologies, CEA, Grenoble, Not Applicable 38054, France  (2) INES - Solar Energy 
Institute, CEA, Le Bourget-du-Lac, Not Applicable 73377, France 

Flexible transparent electrodes are a key element in the development of thin films 
photovoltaics and in particular organic photovoltaic (OPV) cells. The fabrication of 
transparent conductors is currently realized with thin films of transparent conductive 
oxides (TCOs), and in particular indium tin oxide (ITO). However, the as-made ITO 
transparent electrodes suffer from limitations like a costly fabrication process, brittleness 
and risky price of indium. 

The use of solution-processable electrodes would be a promising alternative since it 
would afford large area, low-cost and low temperature deposition method. Recently, 
extensive efforts have been focused on new transparent electrodes based on 
nanomaterials. In particular, the use of metallic nanowires appears as a very promising 
route. 

We have developed an optimized solution process to synthesize high performance 
metallic nanowires, mainly based on silver and copper. The purified nanowires are then 
spray-coated at low temperature (< 80C) on various substrates to form percolative 
random networks. Very good performances were obtained, e.g.less than 25 ohm.sq-1at 
90% transparency on plastic substrates, and excellent flexibility was achieved even on 
very thin films (< 2 microns). In some cases, nanowires were also dispersed in polymers 
to fabricate efficient conducting hybrid materials.  



The nanowire based electrodes were then integrated into various organic solar cells, 
with performances similar to ITO reference. 

Details on the synthesis of nanowires and deposition processes will be presented, 
including determination of deposited metal amount for high performance electrodes. 
Performances of OPV cells using these electrodes will also be shown and benchmarked 
with ITO references. 

COLL 62 

Suppressed defect scattering of charge carriers in PbS nanocrystal films 
encapsulated into CdS matrices 

Mikhail Zamkov, zamkovm@bgsu.edu, Bryan Mellot, Pavel Moroz, Geethika 
Liyanage.Physics, Bowling Green State University, Bowling Green, Ohio 43403, United 
States 

One of the key challenges facing the development of functional nanocrystal devices 
concerns the ability to assemble electrically-coupled nanocrystal solids from solutions of 
colloidal nanoparticles. We will compare several leading strategies for the assembly of 
such films, which rely on linking of neighboring nanocrystals with molecular ligands, and 
heteroepitaxial encapsulation nanocrystals into inorganic matrices. By measuring 
excited carrier lifetimes in PbS nanocrystal films containing a tunable fraction of 
insulating ZnS domains, we uniquely distinguish the dynamics of charge scattering on 
defects from other processes of exciton dissociation. The measured times are then 
used to estimate the drift carrier mobility and the resistivity for each film type. It is 
demonstrated that the matrix-encapsulation approach can lead to a reduced charge 
scattering and lower resistivity of the nanocrystal solid compared to ligand-linked films 
comprising MPA and EDT molecules. The improvement in charge transport 
characteristics is attributed to an intrinsically lower density of surface defects in matrix-
embedded nanocrystal solids, which should avail their use in emerging nanocrystal film 
applications. 

COLL 63 

RNA origami: Folding long RNA single strands into complex nanostructures via 
ultrafast isothermal assembly 

Pengfei Wang1, wang573@purdue.edu, Seung Hyeon Ko2,3, Cheng Tian2, Chenhui 
Hao2, Chengde Mao2.  (1) Biomedical Engineering, Purdue University, West Lafayette, 
IN 47906, United States  (2) Chemistry, Purdue University, West Lafayette, IN 47906, 
United States  (3) Center for Nanoscale Science and Technology, National Institute of 
Standards and Technology, United States 

Herein we report a general approach to fold single-stranded, long RNA molecules into 
predesigned, geometric structures at the nanometer scale. It conceptually resembles 



DNA origami technique,but uses single stranded RNA molecules as scaffolds. An 
ultrafast isothermal assembly protocol was employed to allow RNA-DNA hybrid origami 
structures being assembled within minutes at 65 ºC. The assembled nanostructures 
have been unambiguously demonstrated by agarose gel electrophoresis and atomic 
force microscopy (AFM). The current approach points to the possibility of construction of 
RNA nanostructures that contain a wide range of tertiary structures and functions 
uniquely associated with RNAs but not DNAs in an ultrafast isothermal approach. 

 

 
 
 
 

 
 

COLL 64 



DNA nanostructures with T-linkage 

Xiang Li, li338@purdue.edu, Chenhui Hao, Cheng Tian.Department of Chemistry, 
Purdue University, West Lafayette, Indiana 47906, United States 

This paper reports a strategy for DNA self-assembly. DNA nanomotifs are held together 
by T-junctions instead of commonly used sticky-end cohesion.  

 
 
 
We have demonstrated this strategy by assembling DNA 1D array, DNA 2D array, 
DNA/RNA 2D nanoring and DNA 3D polyhedra. 

 
 
 
The successful assmebly of T-linkage DNA nano structures not only proves the 
proposed stragety, but also have further applications. The assembled DNA polyhedra 
contain out-pointing, short DNA hairpin spikes. These hairpins are well-structured 



relative to the polyhedra core and provide potential locations for introduction of 
functional chemicals such as proteins and gold nanoparticles. 

COLL 65 

Probing large DNA nanostructure self-assembly 

Masudur Rahman1, Tom Schrieber1, Molly McIlvain1, Mikayla Johnson1, Tanner J. 
Bakhshi1, David Neff2, Michael L. Norton1, norton@marshall.edu.  (1) Department of 
Chemistry, Marshall Universoty, Huntington, WV 25755, United States  (2) Molecular 
and Biological Imaging Center, Marshall University, Huntington, WV 25755, United 
States 

Self-assembled structural DNA nanostructures1 provide one of the most powerful routes 
to organize matter with very high resolution. Although there are many applications for 
structures on the order of 100 nm in diameter2, in the nanoelectronics or optoelectronics 
domains, manufacture of much larger architectures will almost certainly be necessary. 
DNA origami structures can be catenated, enabling the growth of large structures by 
attaching programmable sticky end staples to opposite edges3. However growing large 
addressable structures in two dimensions has proven quite challenging. This paper 
reports studies of the influence of programmable sticky end design on the kinetics of 
assembly and yield, as characterized using real-time PCR and atomic force microscopy. 
This study will help guide the development of sequential self-assembly, which is 
necessary to connect bottom-up methods of patterning with top-down approaches. 

 

 
 

Fig. 1: 1D cross shaped origami prepared from short sticky end staples; scale bar 500 
nm 



References: 

(1) Seeman, N. C. Mol Biotechnol 2007 , 37, 246. 

(2) Zhao, Y. X.; Shaw, A.; Zeng, X.; Benson, E.; Nystrom, A. M.; Hogberg, B. ACS Nano 
2012 , 6, 8684. 

(3) Mangalum, A.; Rahman, M.; Norton, M. L. J Am Chem Soc 2013 , 135, 2451. 
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DNA nanomotor powered by a metastable left-handed duplex region 

Yingmei Li, li337@purdue.edu, Cheng Tian, Chengde Mao.Department of Chemistry, 
Purdue University, West Lafayette, IN 47907, United States 

We have constructed a DNA motor driven by the conversion from a metastable left-
handed structure to a more favorable normal right-handed structure, which does not 
require “toehold” part as most current strand-exchange-based DNA motors do. In this 
design, the left-handed DNA region contains four domains of half-turn-long, standard B-
DNA duplexes, together exhibiting a left-handed profile. This motor can reversibly and 
continuously transform from free state to stretched state, which was unambiguously 
confirmed by gel electrophoresis and Förster resonance energy transfer experiment. 
The cycling was conducted at room temperature by adding left-handed DNA and its 
complementary strand alternatively every 30 minute, resulting in higher than 90% 
completeness each time. 
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Modification of surface bound DNA nanoarchitectures with biomolecules and 
conjugates 



Masudur Rahman1, rahmanm@marshall.edu, David Neff2, Michael L. Norton1.  (1) 
Departmant of Chemistry, Marshall University, Huntington, WV 25755, United 
States  (2) Biological Imaging Center, Marshall University, Huntington, WV 25755, 
United States 

Molecular optoelectronic sensor progress requires the production of nanostructures 
which control the position and relative orientation of multiple molecular species with 
nanometer and sub-nanometer precision. Origami based DNA nanoarchitectures 
provide flexible platforms, on the order of 100 nm in diameter, for addressing and 
organizing nanoparticles at these scales. However, large scale applications in 
nanoelectronics and optoelectronics will require architectures with much larger 
dimensions. In order to achieve much larger structures, programmable sticky end 
staples located at selected edges of individual origami have been used to catenate the 
origami blocks, generating long one dimensional (1D) origami structures of unbounded 
length. The observed average length is 6 ±3 µm. Furthermore, these blocks can be 
designed to contain biotinylated DNA staples, enabling the organization of biomolecules 
and conjugates on the surface of the blocks. This modification process can be 
performed in a two step, sequential manner. First, the origami structure is immobilized 
on the surface of mica, then the surface can be exposed to a solution containing either 
streptavidin (SA) (yield ∼99%) or SA conjugated Qdots (yield ∼88%), addressing these 
species onto the origami surface within a minute at ambient temperature. This study 
addresses processing speed and construct size issues important for future 
manufacturability of DNA based opto-electronic sensing systems. 

 

 
 

Fig. 1: Schematic illustration of the addressing of streptavidin (SA, red) or SA-QDs 
(purple-red) onto biontinylated (blue dot) surface bound origami 
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Non-gold metal nanoparticles-DNA conjugates bearing a discrete number of DNA 
molecules for programmable assembly 

Yulin Li1,2, li1268@purdue.edu, Yuanqin Zheng2, Zhaoxiang Deng2, Chengde 
Mao1.  (1) Department of Chemistry, Purdue University, West Lafayette, IN 47907, 
United States  (2) Department of Chemistry, University of Science and Technology of 
China, Hefei, Anhui 230026, China 

Nanoparticles decorated with a specified number of DNA molecules are a ideal form of 
bionanoconjugates for superstructures assembly with precise control. Herein we report 
on a successful decoration of non-gold metal nanoparticles (PtNP and AgNP) by a 
discrete number of DNA molecules. PtNP-DNA with accurately engineered valences 
could be individually isolated by agarose gel electrophoresis and further employed for 
programmable assembly of Au-Pt heterostructures. Extremely stable AgNP with a mean 
diameter of 2 nm were synthesized, allowing for the first time realization of AgNP-DNA 
bionanoconjugates bearing a discrete number of DNA ligands. 

 

 
 
 
Figure 1. a)Schematic representation; b)Agarose gel electrophoresis of PtNP-DNA 
conjugates; c) TEM images and EDX elemental mapping of discrete Au-Pt assemblies. 



 

 
 
 
Figure 2. a) Schematic diagram; b) Visible spectra of AgNP in the presence of different 
concentrations of NaAc; c) Agarose gel electrophoresis of AgNP-DNA conjugates. 
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Multifunctional DNA nanostructures for therapeutic delivery 

Phapanin Charoenphol, Harry Bermudez, bermudez@polysci.umass.edu.Department 
of Polymer Science and Engineering, University of Massachusetts, Amherst, MA 01003, 
United States 

DNA nanostructures offer several advantages over conventional therapeutic carriers 
such as liposomes and polymeric particles, including biocompatibility, biodegradability, 
and low immunogenicity. Furthermore, a simple one-pot self-assembly fabrication 
process results in nearly monodisperse particle sizes with controllable spatial location of 
ligands. We have previously shown that these DNA nanostructures are resistant to 
nuclease degradation and can be used to deliver antisense DNA to cells. However, 
these first-generation carriers lacked target specificity and demonstrated limited cell 
uptake.  
 
In this work, self-assembled DNA tetrahedron nanostructures bearing multivalent 
aptamers are shown to selectively target cancer cells and trigger efficient intracellular 
uptake. The improved uptake relative to naked DNA nanostructures and linear DNA 
relies on the aptamer multivalency and aptamer concentration. In addition, the specific 
aptamer used in this work is itself an anti-cancer candidate in clinical trials. This 
aptamer causes the down-regulation of Bcl-2, a protein regulator of apoptosis.  
 



We are currently exploring strategies to induce cancer cell apoptosis through combined 
antisense and aptamer presentation on DNA tetrahedrons. Our in vitro results 
demonstrate synergy due to antisense and aptamer co-delivery and suggest that 
multifunctional DNA nanostructures could have great potential as anti-cancer 
therapeutic vehicles. 
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Systematic interface engineering to approach highly photoconductive nanofibril 
heterojunctions 

Helin Huang1, helin.huang@utah.edu, Yanke Che1, Dustin E Gross2, Xiaomei Yang1, 
Jeffrey S Moore2, Ling Zang1.  (1) Department of Materials Science and Engineering, 
University of Utah, SALT LAKE CITY, Utah 84108, United States  (2) Departments of 
Chemistry and Materials Science and Engineering, University of Illinois at Urbana-
Champaign, Urbana, Illinois 61801, United States 

Organic semiconductor nanomaterials have gained a great deal of attention due to their 
broad applications in electronic and optoelectronic devices, as well as their low cost 
solution processing and flexibility for large area manufacturing. Particularly, one-
dimensional nanomaterials (e.g., nanowires or nanofibers) self-assembled from organic 
semiconductor molecules often provide enhanced photoconductive performance, mostly 
due to their wide interface for electron donor-acceptor (D-A) modification, as well as the 
long range π-π stacking arrangement along the long axis that enables high charge 
mobility through π-electron delocalization. However, it still remains challenging to 
achieve high photoconductivity for organic nanofibril materials. One such challenge lies 
in the control of the back electron transfer, i.e., charge recombination. In this 
presentation, we report on a systematic approach to fabricate highly photoconductive 
nanofibril heterojunction system, by combining the control of several material properties 
and processing parameters, including side chain structure and chemical property 
(hydrophilic vs. hydrophobic) of the building block molecules, temperature and solvent 
selection for nanofiber growth, post growth annealing of the nanofibril D-A composites in 
solvent vapor. Optimization of these factors leads to construction of a set of nanofibril D-
A heterojunctions that provide the maximal photoconductivity. The reported fabrication 
approach is expected to be adaptable to other organic nanofibril systems to achieve 
high photoconductivity, which can further be employed in the development of high-
performance organic solar cells. 
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Zip-DNA: Simulating self-assembly of a novel DNA form 

Alexander Balaeff1,2, Alexander.Balaeff@ucf.edu, Stephen Craig2, David N. 
Beratan2.  (1) NanoScience Technology Center, University of Central Florida, Orlando, 
FL 32826, United States  (2) Chemistry, Duke University, Durham, NC 27708, United 
States 



Zip-DNA is a novel DNA structure predicted by molecular dynamics simulations of 
forced DNA extension. In the zip-DNA form, the Watson-Crick hydrogen bonds are 
broken and nucleobases from the opposite DNA strands interdigitate with each other, 
forming a continuous single-base aromatic stack. The simulations show that zip-DNA 
may either self-assemble from force-melted DNA strands or evolve from the classic B-
DNA form through an earlier recognized S-DNA. Zip-DNA is shown to be consistent with 
multiple experimental observations. The B-Zip DNA structural transition is proposed to 
be responsible for the famous overstretching plateau in the force-extension curve of 
DNA. We predict that zip-DNA possesses increased molecular conductivity compared to 
the B-DNA form and, therefore, may find applications in molecular electronics. 

 
[Abstract_Fig] 
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Artificial, parallel, left-handed DNA helices 

Cheng Tian1, ctian@purdue.edu, Chuan Zhang1, Xiang Li1, Yingmei Li1, Guansong 
Wang2, Chengde Mao1.  (1) Department of Chemistry, Purdue University, West 
Lafayette, Indiana 47907, United States  (2) The Institute of Respiratory Diseases, 
Xinqiao Hospital, Chongqing, China 

A globally parallel, left-handed DNA duplex containing multiple domains of half-turn-
long, standard B-DNA duplex was developed. While each helical domain is right-handed 
and its two component strands run antiparallel, the global architecture is left-handed 
and the two component DNA strands are parallelly oriented. Here we have 
experimentally demonstrated this architecture. The formation of the parallel, left-handed 
DNA duplex was investigated by native polyacrylamide gel electrophoresis. The DNA 
assembly behavior was confirmed by thermal denaturation analysis. Circular dichroism 
spectroscopy indicated that all the DNA samples had local structures of typical B-
conformation. Such a structure would allow us to readily build DNA topological objects 
that contain left-handed crossings and overcome the experimental difficulty imposed by 
the left-handed Z-DNA or synthetic challenges of modified DNA structures. In addition, it 
might be worthy to take such an architecture into account when considering nucleic acid 
interactions. 
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Effect of covalent chemistry on the electronic structure and properties of 
graphene and carbon nanotubes 

Robert C Haddon, haddon@ucr.edu.Chemistry and Chemical Engineering, University 
of California, Riverside, California 92521, United States 

I will discuss our latest results on the use of covalent chemistry for the modification of 
the electronic structure of graphene and carbon nanotubes for the purposes of realizing 
materials with new and improved properties. 
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Characterization of surface potential of graphene by AFM 

Mingjie Li1,2, Chenming Liu2, chmliu@home.ipe.ac.cn, Hongbin Cao2, 
hbcao@home.ipe.ac.cn, Yi Zhang2.  (1) School of Chemical Engineering & Technology, 
Tianjin University, Tianjin, Tianjin 300072, China  (2) Institute of Process Engineering, 
Chinese Academy of Sciences, Beijing, Beijing 100190, China 

Atomic 
force microscope (AFM) is a new type of microscope 
based on the principles of scanning tunneling microscope. It can be applied for 
investigating surfaces of conductors, insulators and liquids by measuring 
forces between the atoms of the tip and the sample through 



contact, non-contact and tapping mode. AFM has been widely used in characterization 
of morphology of the graphene-based materials. But it is rarely 
reported that AFM (also called KFM: Kelvin force microscopy) can be also used 
in the characterization of surface potential of graphene. In 
this contribution, surface potentials of graphene with different types 
and quantities of functional groups were measured by AFM through 
tapping mode. The relationship between surface potential and surface 
functional groups was also explored, forming a surface potential-surface 
functional groups model through which we can speculate one form another. 
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Optical separation of mechanical strain, charge doping, and electronic coupling 
in graphene 

Sunmin Ryu, sunryu@khu.ac.kr.Department of Applied Chemistry, Kyung Hee 
University, Yongin, Gyeonggi 446-701, Republic of Korea 

Raman spectroscopy has proven to be a versatile analytical tool in graphene research 
for thickness, stacking, defect density, charge density (n ), mechanical strain (ε ), 
temperature, etc. Such multimodal sensitivity, however, turns into difficulty when more 
than a single unknown is to be determined. Despite the strain-sensitivity of the Raman 
G and 2D modes, for example, optical characterization of native strain in graphene on 
silica substrates has been hampered by excess charges interfering with both modes. In 
this talk, I will first show that the effects of strain and charges in graphene on silica can 
be optically separated from each other by correlation analysis of the two modes, 
enabling simple quantification of both.[1] Graphene with in-plane strain randomly 
occurring between -0.2% and 0.4% undergoes modest compression (-0.3%) and 
significant hole doping upon thermal treatments. Secondly, I will show that the change 
in the Fermi velocity of graphene caused by electronic coupling with hexagonal boron 
nitride (hBN) substrates can also be optically determined separately from native 
strain.[2] The proposed analysis will be of great use in characterizing graphene-based 
materials and devices. 

References: 

[1] J. E. Lee, G. Ahn, J. Shim, Y. S. Lee and S. Ryu, Nature Commun. 3 (2012) 1024. 

[2] G. Ahn, H. R. Kim, T. Y. Ko, K. Choi, K. Watanabe, T. Taniguchi, B. H. Hong and S. 
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Acidic and basic sites of graphitic materials studied by STM/STS 

Takahiro Kondo, Kunichika Nitta, Taishi Shikano, Riku Shibuya, Masataka Sakurai, 
Junji Nakamura, nakamura@ims.tsukuba.ac.jp.Faculty of Pure and Applied Sciences, 
University of Tsukuba, Tsukuba, Ibaraki 3058573, Japan 

Local electronic structures of highly oriented pyrolytic graphite (HOPG) surfaces with 
defects or doped nitrogen have been studied by scanning tunneling microscope (STM) 
and scanning tunneling spectroscopy (STS). As shown in Fig.1, a localized occupied 
electronic state near the Fermi level is observed in the vicinity of doped-pyridinic 
nitrogen. We consider that the localized state acts as a basic site. In the experiments of 
temperature programmed desorption (TPD) for graphene samples containing pyridinic 
nitrogen, adsorption of carbon dioxide is observed, indicating the formation of basic 
sites. On the other hand, localized unoccupied electronic states near the Fermi level are 
observed in the vicinity of point vacancy as well as doped-graphitic nitrogen on HOPG. 
The unoccupied states mean the formation of acidic site. In fact, adsorption of ammonia 
is confirmed on a defective HOPG surface in TPD experiments. 



 

 
 
 
Fig. 1 (a) STM topographic image (4.81 × 4.61 nm2, It= 96.9 pA, Vs= −108 mV). The 
simulated STM image (V= −0.1 V) is also shown for comparison. (b) STS spectrum 
measured at the position indicated by the arrow in (a). (c) Equilibrium geometry of the 
pyridinic-N defect calculated by DFT. (d) Simulated STS spectrum of pyridinic-N. 
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Bionano hybrids for chemical detection 

A.T. Charlie Johnson, cjohnson@physics.upenn.edu.Department of Physics & 
Astronomy, University of Pennsylvania, Philadelphia, PA 19104, United States 

We have explored all-electronic chemical detectors based on bio-nano hybrids, where 
the biomolecule (DNA or protein) provides chemical recognition and a carbon nanotube 
(NT) or graphene transistor enables electronic readout. This sensor class represents a 
promising approach towards sensitive and selective detection of liquid- and vapor-
phase anayltes. NT or graphene transistors are fabricated reproducibly on the wafer-
scale, and then functionalized with proteins through an amide bond using a robust 
process based on carboxylated diazonium salts. Control of protein orientation is 
achieved through the use of a Ni-nitrilotriacetic acid (Ni-NTA) chemistry with affinity for 
the histidine tag on an engineered protein. We used this approach to create a 
nanoelectronic interface to olfactory receptor proteins (ORs) that were embedded in 
synthetic nanoscale cell membrane analogues. Olfactory receptor proteins (ORs) are 
the most numerous class of G-protein coupled receptors (GPCRs), a large family of 
membrane proteins that are important pharmaceutical targets. We have used similar 
methods based on an engineered antibody to demonstrate detection of a cancer 
biomarker at levels of 1 pg/mL, far more sensitive than methods used in the clinic today. 



Non-covalent functionalization of carbon nanotube transistors is achieved through self-
assembly of monolayers of single-stranded DNA on the NT sidewall. The DNA is used 
not for its self-recognition properties but rather for its chemical recognition for small 
molecule analytes. This system represents a promising pathway to an “electronic 
bloodhound” capable of detecting arbitrary vapor analytes. 
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Study of time and potential dependent evolution in room temperature ionic liquid 
structure at epitaxial graphene interface 

Ahmet Uysal1, ahmet@anl.gov, Hua Zhou2, Sang Soo Lee1, Tim T Fister1, Paul 
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and Engineering & A.J. Drexel Nanotechnology Institute, Drexel University, 
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Room temperature ionic liquids (RTIL) are promising electrolytes for electrochemical 
supercapacitors, due to their wide electrochemical stability range, low volatility and high 
capacitance. A molecular level understanding of the RTIL/graphene interface during 
charging and discharging processes is necessary to utilize that potential. We used in 
situ real-time x-ray reflectivity to determine the change in electric double layer (EDL) 
structure of imidazolium-based [Tf2N-] ionic liquids on the epitaxial graphene interface 
with the applied potential, and compared the results with the simultaneously-collected 
cyclic voltammetry data at different scan rates. X-ray reflectivity data were also obtained 
at a series of fixed potentials to investigate the similarities and differences between the 
dynamic and static structures at the interface. 
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Use of doping trajectories and Raman spectroscopy in the understanding of 
graphene chemistry 

Michael S Strano, strano@mit.edu.Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

Our laboratory has been interested in how 2D electronic materials such as graphene 
form out of plane chemical bonds mediated by electron transfer. This presentation will 
highlight several examples of how Raman spectroscopy and the correlation of specific 
phonon modes can be used to map the spatial heterogeneity Fermi level variances for 
specific applications. As an example, bilayer graphene is increasingly attractive for 
electronic applications because of its electric field tunable band structure and band gap. 
The chemical functionalization of monolayer graphene has been widely explored to 



date, but there is much less known for bilayer graphene. Of particular interest in bilayer 
graphene is the use of chemical functionalization to generate an external electric field to 
open a bandgap. The covalent and non-covalent functionalization are studied of bilayer 
graphene using an electrochemical process with aryl diazonium salts, and we use 
Raman spectroscopic mapping and conductive atomic force microscopy (cAFM) to 
study the resulting changes in the physical and electronic structures. Distinct changes 
observed in the Raman spectra and AFM images as a function of degree of 
functionalization can be used as a guide for further studies of the chemistry of bilayer 
graphene. In another example, a significant advantage of graphene as a biosensor is its 
potential to display a continuum of independent and aligned sensors at a specific 
interface. Here, we demonstrate a nanoscale version of a micro-physiometer – a device 
that measures cellular metabolic activity from the local acidification rate. Graphene can 
function as an array of independent pH sensors enabling subcellular and spatiotemporal 
detection of single biological cells. Raman spectroscopy shows that aqueous protons 
(H+) p-dope graphene – in agreement with established doping trajectories, and that 
graphene displays two distinct pKa values (2.9 and 14.2). 
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Graphene complex with metallo-macrocycles as electrocatalytic film created by 
matrix-assisted pulsed laser evaporation (MAPLE) and chemical sensing 
application 
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Radiation Physics (INFLPR), Magurele, Bucharest 077125, Romania  (2) Department of 
NEMSBio, National Institute for R&D in Chemistry and Petrochemistry (ICECHIM), 
Bucharest, Romania  (3) Department of Nanobiointerfaces, Institut de Recherche 
Interdisciplinaire (IRI, USR 3078), Université Lille1, Villeneuve d’Ascq, France 

The graphene-modified conducting interfaces have been widely shown to exhibit 
improved responses via surface functionalization, however there have been virtually no 
attempts until now to optimize their formation. This talk examines the MAPLE (matrix-
assisted pulsed laser evaporation) method (figure 1, A; B), validated for the first time in 
producing stable films of graphene complexes with metallo-macrocycles on glassy 
carbon interfaces. The films physicochemical properties were examined using nano-
imaging, spectroscopy and electrochemistry. 

Furthermore, this talk reports on quantification of peroxynitrite, a nitroxidative species of 
patho-physiological significance, as sensing application. While other detection methods 
are now available (e.g. oxidation of fluorescent probes, EPR spectroscopy, probe 
nitration, chemiluminescence), these are more elaborate and difficult to apply real-time, 
due to their inherent complexity. By contrast, electrochemical quatification appears 
simpler and more convenient. 



 

 
 

Preliminary tests indicate the stability of MAPLE-ed optimized electrocatalytic interfaces, 
with augmented peroxynitrite activity towards (ONOO-) in solution, single digit nM 
detection limit, high sensitivity (figure 1, C; D) and adequate selectivity. 

Funding is gratefully acknowledged from the Centre National de Recherche Scientifique 
(CNRS), the University Lille 1 and the Nord Pas de Calais region for R.B., S.S., the 
Institut Universitaire de France for S.S., University Lille 1 for R.O., A.M.P. and Agentia 
Nationala de Cercetare Stiintifica (ANCS-UEFISCDI) for V.D., M.D., S.F.P., R.O. and 
A.M.P. 
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Metal-on-metal nanoparticles for water-phase oxidation and reduction reactions 
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The ability to design well-defined bimetallic nanoparticles (NPs) offers opportunities to 
ascertain and study important structure-property relationships in catalysis. In this talk, I 
discuss the synthesis of colloidally stable (i.e., unsupported) bimetallic palladium-
decorated gold (Pd-on-Au) NPs and x-ray adsorption spectroscopy results that confirm 
the metal-on-metal nanostructure. The Pd metal exists as surface atoms and 
ensembles, with the fraction of the latter increasing as the calculated Pd surface 
coverage increases. I illustrate how these NPs behave catalytically for two different 
water-phase reactions: the reductive dechlorination of perchloroethylene and the 
selective oxidation of glycerol into glyeric acid. 
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Atomically precise gold nanoclusters as new model catalysts 

Rongchao Jin, rongchao@andrew.cmu.edu.Department of Chemistry, Carnegie Mellon 
University, Pittsburgh, PA 15213, United States 

The polydispersity and unknown surface structure of conventional nanocatalysts pose 
major challenges to fundamental catalysis research. To overcome these obstacles, we 
have developed atomically precise nanoclusters (e.g. thiolate-protected gold 
nanoclusters) with their total structures (metal core plus ligands) solved by X-ray 
crystallography. This talk will present size-specific Aun(SR)m nanoclusters for catalytic 
application, including oxidation and hydrogenation reactions, as well as electro-
catalysis. The catalytic properties of nanoclusters can be truly tuned on an atom-by-
atom basis. The atomically precise nanoclusters are expected to become a promising 
class of model catalysts and will provide exciting opportunities for achieving 
fundamental understanding of metal nanocatalysis, including insight into the size 
dependence, molecular activation, active centers, and catalytic mechanism by 
correlation with the precise structures of nanoclusters. Such knowledge will contribute to 
fundamental catalysis and future new design of highly selective catalysts for specific 
chemical processes. 
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Surface ligands for selective catalysis 

Elena V. Shevchenko, eshevchenko@anl.gov, Soon Gu Kwon, Julius Jellinek, 
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Surface ligands for selective catalysis  

The surface of nanoparticles synthesized in solution is always covered by the layer of 
ligands that were introduced during the synthesis. Surface molecules can significantly 
affect the catalytic properties of chemically synthesized nanoparticles. Using 
experimental and computational techniques we performed a detailed study directed on 
understanding the effect of common capping ligands such as amines, phosphines, 
phosphine oxides, oleic acids, etc on the performance of colloidal NPs in hydrogenation 
reactions. We report that addition of primarily amines to Pt and CoPt3 NPs can 
drastically (up to 90%) increase selectivity in hydrogenation of alkyne without affecting 
reaction conversion. This effect is achieved as a result of the significant reduction of the 
adsorption energy of alkene in the presence of amines. The ligands with low adsorption 
energies do not lead to selectivity and ligands with too high adsorption energies reduce 
activity/conversion. 
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Synthesis of core@shell Rh@Pt nanocrystal catalysts 

Nathan E Motl, nmotl@indiana.edu, Sara E Skrabalak.Chemistry, Indiana University, 
Bloomington, Indiana 47405, United States 

Monodisperse core@shell Rh@Pt nanocrystals were synthesized for use as a model 
system to investigate the electrocatalytic activity of Pt(100)surfaces for formic acid 
oxidation, where it is anticipated that the stability of the nanocatalysts are enhanced 
relative to Pt alone through the achieved architecture. These nanocrystals were 
synthesized via heteroepitaxial deposition of Pt onto Rh seeds to achieve sub-10 nm 
shape-controlled core@shell particles. The morphology and composition of the resulting 
bimetallic nanostructures were analyzed using transmission electron microscopy (TEM), 
scanning transmission electron microscopy (STEM) coupled with energy dispersive X-
ray spectroscopy (EDS) for elemental mapping, as well as powder X-ray diffraction 
(XRD). X-ray photoelectron spectroscopy (XPS) probed the electronic states of both Rh 
and Pt, and the results provide guidance into electrocatalyst design and performance. 
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Soft-templated method to synthesize mesoporous-silica core-shell nanocatalysts 
with single sub-5nm noble metal core: An effective approach toward high activity 
and sintering resistance 

Hongfeng Yin1, yinhf@nimte.ac.cn, Chunzheng Wu1,2, Zi-Yian Lim1, Chen Zhou1, Wei 
Guo Wang1, Shenghu Zhou1, Yuejin Zhu2.  (1) Division of Fuel Cell & Energy 
Technology, Ningbo Institute of Material Technology and Engineering, Ningbo, Zhejiang 
315201, China  (2) Department of Physics, Ningbo University, Ningbo, Zhejiang 
315211, China 

A novel soft-template method to prepare well-separated nanoparticle catalysts with 
core-shell structure via acqueous-solution reduction and subsequent oxide coating was 
developed. This synthesis protocol is advantageous for the preparation of single-core 
noble metal-based catalysts with small core size, high substrate permeability and 
sintering resistance. M(M = Au, Pd)@mesoporous-silica (m-SiO2) core–shell 
nanospheres were prepared by reducing noble metal precursors with NaBH4 and 
following SiO2 coating, where tetradecyltrimethylammonium bromide (TTAB) played as 
both nanocrystal stabilizer and mesopore template. Size of noble metal cores in the 
spheres was effectively controlled at 3.2 nm in average for high active surface area. The 
M(M = Au, Pd)@m-SiO2 particles showed surprising sintering resistance at 750°C and 
kept high catalytic activity for CO oxidation after the treatment in air (including pre-
reduction in H2/N2 at 300°C). The influence of the pH values of micelle solution, the 
TTAB concentration and SiO2precursor/TTAB ratio were investigated. Relevant 
characterization using XRD, TEM, TG/DTG, SEM, EDX and ICP-OES was conducted. 
And the shell thickness effect on mechanism studied by in-situ FT-IR was also 
discussed. 



Keywords: Soft-templated, core-shell, mesoporous, sub-5nm, noble metal, sintering 
resistance, TTAB, catalysis, CO oxidation 
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Formation procedures of mesoporous silica nanospheres when gold particles were 
absent or present 
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Aerobic oxidation reactions catalyzed by atomically well-defined thiolate gold 
clusters 

Christophe Lavenn1, christophe.lavenn@ircelyon.univ-lyon1.fr, Florian Albrieux2, Alain 
Tuel1, Aude Demessence1.  (1) Institute of Researches on Catalysis and Environment of 
Lyon, University of Lyon / CNRS, Lyon, France  (2) Mass Spectrometry Center, 
University of Lyon / CNRS, Lyon, France 

Recently, atomically well defined thiolate-capped gold nanoclusters (denoted Aun(SR)m 
with (10,10) < (n,m) < (333,79)) have been successfully isolated and few structures 
have been solved. Thus, these monodispersed functionalized clusters, with precise 
atomic positions and gold core less than 2 nm, hold promises as a new generation of 
catalysts. More importantly, these nanoclusters permit in-depth studies on the subtle 
correlation of the structure, core diameter, thiolate ligands effect and electronic state of 
gold nanoparticles with their catalytic activity.1 

To investigate those parameters and the support effect, different nanoclusters have 
been synthesized. New clusters made of 4-aminothiophenol (HSPhNH2) have been 
isolated, such as Au25(SPhNH2)17, and fully characterized by mass spectrometry, X-ray 



diffraction and XPS.2 Moreover these clusters exhibit absorption bands related to their 
molecular state. After deposition of the thiolate gold clusters on silica supports, 
hydrophobic 16 nm-SiO2 nanoparticles and SBA-15 mesoporous silica, catalytic activity 
for aerobic oxidations of alkene and alcohol derivatives were investigated. From those 
experiments, it appears that thiolate functionalized clusters are inactive for alcohol 
oxidation, but exhibit good activity for trans-stilbene one, with selectivity much better 
than bare gold nanoparticles. This thiolate ligands effect makes possible to tune the 
overall catalytic selectivity and specificity of gold clusters to have chemiospecific 
reactions on multi-modal sites. 

 

 
 

(1) Jin, R. et al. Chem. Eur. J. 2011 , 17, 6584. 

(2) C. Lavenn et al. Nanoscale 2012 , 4, 7334. 
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Elucidation of the structure-dependent catalytic properties of shape-controlled 
cerium oxide (CeO2) nanocrystals 

Amanda K. P. Mann, mannak@ornl.gov, Zili Wu, Florencia C. Calaza, Steven H. 
Overbury.Chemical Sciences Divison and Center for Nanophase Materials Sciences, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, United States 

Cerium oxide has been shown to be an attractive catalyst for many reactions due to its 
oxygen storage capability, rich redox chemistry, and relative abundance. However, 
there remains a need to evaluate the influence of various shape-dependent properties 
on catalytic performance to provide information that can guide the design of more active 
and selective catalysts. Here, single-crystalline shape-controlled cerium oxide 
nanoparticles were generated via a hydrothermal method, including nanowires, 



nanocubes, and nanooctahedra. Temperature-programmed desorption, steady state 
measurements, and in situ infrared spectroscopy were used to monitor the adsorption 
and catalytic reactions of acetaldehyde on cerium oxide nanoshapes. It was found that 
the variations in morphology and surface chemistry affected the catalytic activity and 
selectivity. The impact of these structure-function relationships on the design of 
improved cerium oxide catalysts will be discussed. 

Acknowledgements: This work was supported by the Office of Basic Energy Sciences, 
U.S. Department of Energy. A portion of this research was conducted at the Center for 
Nanophase Materials Sciences, which is sponsored at ORNL, by the Division of 
Scientific User Facilities, Basic Energy Science, U. S. Department of Energy. 
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Platinum and palladium nanocatalysts for aqueous phase hydrogenations 

Anderson L Marsh, marsh@lvc.edu, Jason M Shay, Kyle M Gross, Monica C Carey, 
Lindsay M Carl, Nathan E Musselwhite, Kimberly A Manbeck.Department of Chemistry, 
Lebanon Valley College, Annville, PA 17003, United States 

Colloidal platinum and palladium nanoparticles have received much attention for use as 
catalytic materials. Our research efforts take advantage of these nanocatalysts 
synthesized in the 1-10 nm size range and stabilized by poly(vinylpyrrolidone), or PVP. 
The use of PVP as a capping agent increases the compatibility of these nanoparticles 
with water, which allows for their use in aqueous phase hydrogenations. Through the 
measurement of turnover rates we have observed that these nanocatalysts are active 
for the hydrogenation of various ketones and phenols in water. For these reactions we 
are examining parameters such as particle size, capping agent molecular weight, and 
reaction conditions that lead to improved activity and selectivity. Additionally, we are 
using attenuated total reflectance infrared (ATR-IR) spectroscopy to monitor the 
chemisorption of the probe molecule carbon monoxide to quantify the number of 
adsorbates, and hence the number of active surface sites, present on each 
nanocatalyst surface. We are comparing these results with those calculated from 
particle sizes determined with transmission electron microscopy (TEM). Taken together 
these findings will enable us to develop a more complete molecular level picture of the 
catalytic behavior of these nanocatalysts in aqueous solution. 
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Nanoreactors based on hollow porous nanocapsules with entrapped catalysts 

Sergey Shmakov, sshmakov@slu.edu, Ying Jia, Eugene Pinkhassik.Department of 
Chemistry, Saint Louis University, Saint Louis, MO 63103, United States 

In the present study we used hollow polymer nanocapsules (NCs) as nanoreactors for 
catalytic reactions. NCs could be prepared via templated synthesis in bilayer of vesicles 
formed by lipids or ionic surfactants. Here we describe two kinds of nanoreactors. One 
type is based on "nanorattles" - gold or silver nanoparticles grown exclusively within 
polymer NCs. It is achieved by entrapment of molecules capable of reducing metal ions 
within polymer NCs and subsequent synthesis of metal nanoparticles that occurs 
selectively inside NCs. Resulting individual NPs or small clusters of NPs entrapped in 
hollow porous NCs have naked surface and do not require any stabilizing agents to 
prevent large-scale aggregation. Another type of nanoreactors was prepared by 
simultaneous formation of NCs and entrapment of metalated porphyrins. Aqueous 
solutions of hydrophobic porphyrin were prepared by solubilizing of catalyst by 
complexation with cyclodextrin. Both types of nanoreactors demonstrate easiness in 
preparation and recycling of catalyst. Thin walls and adjustable size of nanopores 
provide control over transport of substrate molecules and making NCs a versatile 
platform for catalytic applications. 

COLL 90 



Nanometals and resonance energy transfer: Can we push the Ro value and does 
this improve its applicability? 

Geoffrey F. Strouse, strouse@chem.fsu.edu.Department of Chemistry & Biochemistry, 
Florida State University, Tallahassee, FL 32306-4390, United States 

Some of the most challenging questions in science today exist at the boundaries of 
many of the traditional fields of science. Optical probe technologies, especially energy 
transfer methods, is one of these cross-disciplinary fields that have impacted 
biophysics, chemistry, and the biomedical fields. It is well-established that the use of 
reonance energy transfer (RET) in biophysics can allow accurate measurements of 
distance in biopolymers, a visual response the binding events, and a method to probe 
environmental changes within cells. The use of RET and associated methods has 
expanded rapidly in the past decade and recently the discovery of nanometal surface 
energy transfer (NSET) methodologies have resulted in the pushing of the achievable 
RET distances. The presentation will explore quenching of fluorophores by metal 
nanoparticles, the mathematical description of the observation, and its applications to 
problems in bio-physics and bio-medicine. Through the use of the tools of spectroscopy 
and the ability to selectively synthesize, interrogate, and manipulate materials at the 
nanoscale the Strouse group asks questions that address a wide range of physical and 
biological questions. In the presentation we will explore the development of sustainable 
synthetic methods for nanoscale materials and the use of such materials in molecular 
ruler applications, cell biology, and biomedical efforts targeting traumatic brain injury.  
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Green nanotechnology provides sustainability in energy and medical applications 

Kattesh V Katti, kattik@health.missouri.edu.Radiology, MURR and Physics, University 
of MIssouri, Columbia, Missouri 65212, United States 



The role of phytochemicals from plant species for the production of nanomaterials is 
directly related to the creation of an important symbiosis between Nanotechnology and 
Energy. Redox active phytochemicals such as polyphenols, flavonoids, and 
carbohydrates serve as reservoirs of electrons with energetics capable of reducing 
metal salts to the corresponding nanoparticles. The life cycle analysis of using 
phytochemicals as sources of electrons for the manufacture of chemical raw materials 
and fine chemicals, without the intervention of any toxic chemical, at industrial scales 
must be our priority. However, specific types of nanoparticles developed through Green 
Nanotechnology processes will also serve unmet clinical needs within the medical 
sector. We have pioneered the production of engineered gold nanoparticles through the 
interaction of phytochemicals from Soy, Tea, Cinnamon and a host of naturally available 
plants and herbs. The benefits of using phytochemicals for the conversion of gold salt to 
the corresponding gold nanoparticles (AuNPs) are multi fold. For example, the 
polyphenolic phytochemicals such as Epigallocatechin gallate (EGCG) created multi 
layered robust coating around the gold nanoparticles. Encapsulation of AuNPs by 
EGCG not only provided excellent in vitro/in vivo stability for the gold nanoparticles but 
the proven high affinity of EGCG toward protein receptors on cancerous cells resulted in 
the discovery of tumor specific gold nanoparticles. This discovery was also replicated 
using the radioactive gold-198 precursor to produce gold nanoparticles that are 
inherently therapeutic. Detailed therapeutic efficacy studies of EGCG-198-AuNP in 
prostate tumor bearing mice have demonstrated excellent therapeutic efficacy in 
treating prostate tumors. This presentation will discuss, the overall technological and 
economic implications on how Green Nanotechnology will provide significant benefits in 
a myriad of sectors including as sources of energy, in biomedicine, and materials 
science. 
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Exploiting protein coronas around gold nanorods for biological applications 

Kimberly Hamad-Schifferli, schiffer@mit.edu.Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA 02139, United StatesMIT Lincoln Laboratory, 
Lexington, MA 02420, United States 

One of the biggest barriers for using nanoparticles in biological applications is non-
specific adsorption. When nanoparticles are introduced to biological fluids, biomolecules 
adsorb to the particle, resulting in a “protein corona.” This corona is impossible to 
prevent and can block the surface of the nanoparticle, resulting in undesirable side 
effects in targeting and biodistribution. However, protein coronas can impart desirable 
properties to the nanoparticles, and can be used for multiple functions. We show how 
the protein coronas around nanorods can be used in to hold drugs and DNA at 
capacities much higher than what is achievable by covalent attachment. Also, the 
corona can be used to stabilize the nanorods in biological fluids and media. Laser 
irradiation of the nanorods can disrupt the corona, releasing the drug or DNA. We will 
discuss how triggered release from nanorods in coronas can be used for controlling 
blood clotting and other therapeutic applications. 
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Carbon nanostructure-based hybrid devices for bio-interface 

Seunghun Hong, seunghun@snu.ac.kr.Physics, Seoul National University, Seoul, 
Republic of Korea 

Recently, various new nanostructures (e.g. nanoparticles, carbon nanotubes, protein 
motors, graphene etc) have been utilized as a component for advanced functional 
devices. However, a major stumbling block holding back their practical applications is a 
difficulty in massive assembly of such devices. In this talk, we will first present a 
strategy to mass-produce nanostructure-based hybrid devices, where molecular 
patterns on solid substrates are utilized to direct the adsorption and alignment of 
nanostructures to form a desired device structures. Then, we will discuss how this 
simple strategy can be utilized to fabricate various new hybrid nanobio-devices for bio- 
and medical applications such as taste receptor protein-based bioelectronic tongues, 
olfactory receptor-based artificial noses, and carbon nanostructure-based substrates for 
stem cell control. 

COLL 94 

Optically calculating quantities of hybrid-1 and hybrid-2 G-quadruplexes in 
telomeric sequences using NSET 

Rachel Armstrong E Armstrong, rarmstrong@chem.fsu.edu, Geoffrey F 
Strouse.Department of Chemistry and Biochemistry, The Florida State University, 
Tallahassee, FL 32306, United States 

Telomeres are noteworthy in anti-cancer research due to the difference in telomere 
preservation between healthy cells and cancerous cells. More specifically, folded G-
quadruplex structures observed in telomere DNA are studied to shed light on sequence 
stability and folding. Despite success in identifying plausible G-quadruplex formations 
through molecular dynamics calculations, X-ray crystallography, proton NMR, and EPR, 
these methods lack the ability to accurately obtain population distributions of various G-
quadruplexes in Tel22, the native telomeric sequence, in biologically relevant 
conditions. In particular, relative hybrid-1 and hybrid-2 structural populations are not 
well-known, even though mixtures of these structures are observed in K+ solution. Here 
we employ Nanometal Surface Energy Transfer (NSET) between a dye-labeled Tel22 
sequence and a gold nanoparticle to distinguish and quantify the multiple G-quadruplex 
formations of Tel22 in biologically relevant solutions. Where other methods in extracting 
population data fall short, NSET offers hybrid-1 and hybrid-2 structural distributions 
based on distant-dependent dye lifetimes. 

COLL 95 

Energy partitioning: To FRET or to NSET, that is the question 



Rachel E Armstrong, rarmstrong@chem.fsu.edu, Geoffrey F Strouse, Ryan Riskowski, 
Christopher Breshike.Department of Chemistry and Biochemistry, The Florida State 
University, Tallahassee, FL 32306, United States 

Optical detection is a “go to” method in biology for monitoring in vitro (and in vivo) 
biological events. Yet many conformational changes in biology are too complex to be 
probed by two single energy transfer-based points. Thus, exploring multi-dye systems is 
necessary to expand the applicability of optical methods. Here we demonstrate the 
changes in energy transfer rates and efficiency when employing two simultaneous 
energy transfer methods, Forster resonance energy transfer (FRET) between two dyes, 
and nanometal surface energy transfer (NSET) between one of those dyes and a gold 
nanoparticle.  
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Multifunctional nanoprobes detectable by MRI for monitoring cancer therapy 

Yuan-Chia Kuo1, yuanchia@umd.edu, Chiwei Hung3, Srinivasa R Raghavan1,2, Warren 
D D'Souza1,3.  (1) Department of Bioengineering, University of Maryland, College Park, 
MD 20742, United States  (2) Department of Chemical & Biomolecular Engineering, 
University of Maryland, College Park, MD 20742, United States  (3) Department of 
Radiation Oncology, University of Maryland School of Medicine, Baltimore, MD 21201, 
United States 

Head and neck cancer accounts for more than 600,000 deaths per year, worldwide. The 
prognosis for this disease is poor and the 5-year survival rate is only 50%. Targeted 
agents have emerged as therapeutic options in combination with radiation therapy 
and/or chemotherapy. Prominent among them is an epidermal growth factor receptor 
(EGFR)-inhibiting monoclonal antibody, Cetuximab. While EGFR is overexpressed in 



head and neck tumor cell membranes, diagnostic tools to monitor the uptake of the 
targeted agent are currently lacking. We aimed to develop a lipid based probe bearing 
anti-EGFR antibodies and gadolinium (Gd), a positive (image-brightening) contrast 
agent for magnetic resonance imaging (MRI) to monitor the tissue uptake of Cetuximab 
in vitro and evaluate the effects on xenograft mice in vivo. Here, we report on a simple 
self-assembly-based strategy to synthesize such liposomal probes as well as solid lipid 
nanoprobes (SLN), which involve combining biocompatible phospholipids, a chelated-
Gd lipid, and a biotinylated lipid, followed by attachment of biotinylated antibodies using 
avidin as linker. Our results demonstrate that these probes preferentially bind to head 
and neck cancer cells compared to low-EGFR-expressing cells. Moreover, the EGFR-
specific targeting resulted in a high MR contrast localized around the targeted cells. In 
vivo studies indicate that the probes are retained at the tumor site in nude mice. Such 
probes can potentially provide targeting specificity during the treatment regimen and 
allow physicians to adjust therapeutic strategies. 

COLL 97 

Sensing and catalysis using self-assembled functionalized soft interfaces of 
vesicles 

Burkhard Koenig, burkhard.koenig@chemie.uni-regensburg.de, Stefan Balk, Andreas 
Mueller, Malte Hansen, Stefan Troppmann, Melanie Hacker, Supratim 
Banerjee.Chemistry and Pharmacy, University of Regensburg, Regensburg, Germany 

Amphiphilic synthetic receptors, reporter dyes and catalysts are embedded into the 
membrane of small unilamellar 100 nm vesicles where they self-assemble into patches. 
The size and composition of the patches depends on the compounds concentration, the 
nature of the lipids and the method of vesicle preparation. Due to the dynamic nature of 
the assembly and the close proximity of the molecules, binding of analytes to the 
embedded synthetic receptors triggers changes in the emission of co-embedded 
fluorescent dyes. The functionalized vesicles are therefore useful as luminescent soft 
chemosensors. Likewise, supramolecular photocatalysts are assembled using 
amphiphilic sensitizer dyes and redox active catalysts. 
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Towards supramolecular manipulation of cell function 

Pascal Jonkheijm, p.jonkheijm@utwente.nl.MESA Institute for Nanotechnology, 
University of Twente, Enschede, The Netherlands 

Supramolecular chemistry provide nowadays an excellent prospect to construct 
reversible biological interfaces that can be employed for supramolecular cell 
manipulation experiments.1 Making use of supramolecular chemistry is rewarding to 
develop functional materials and devices. Knowing the limitations involved in ordering 
proteins at different length scales will surely hasten developing future applications, 
supramolecular bionanotechnology being the most prominent. The construction of 
synthetic supramolecular assemblies of proteins provides an excellent tool to fabricate 
organized bioactive components at surfaces.2,3 I will present new synthetic procedures 
for site-specific noncovalent anchoring of proteins to surfaces and polymers.4-7 Special 
attention is paid to orientational and conformational aspects at the surface and will be 



demonstrated. Using concepts of multivalency the interactions between proteins and 
surfaces can be modulated by design.6 Many of the protein complexes were patterned 
on surfaces using microcontact printing or nanolithography and visualized using 
fluorescence microscopy. Furthermore, supramolecular linkers that are sensitive to 
remote electrochemical stimuli will be presented, using cucurbituril (CB)7 and 
cyclodextrin (CD)6-modified surfaces. Electrochemical switching was studied using 
surface embedded electrodes.1,6 Cell release was studied in detail in the case of cell-
adhesive peptides and growth factors.1 Lastly, supramolecular linkers were compared to 
reversible covalent linkers, using imine chemistry, providing insight in the cell receptor 
signalling pathway.  

With the development of reversible bioactive platforms on surfaces serving as a 
reversible dynamic interfaces to cells, improved scaffolds for tissue regeneration will 
become in hand. First steps into this directions will be introduced as well. 

1. Angew. Chem. Int. Ed. 2012 51, 12233-7. 

2. Chem. Eur. J. 2012 , 18, 6788-94. 

3. Small 2012 , 8, 3531-7. 

4. Angew. Chem. Int. Ed. 2010 , 49, 1252-7. 

5. ChemBioChem. 2010 , 11, 180-3. 

6. J. Am. Chem. Soc. 2012 , 134, 19199-206. 

7. Langmuir 2012 , 28, 16364-71. 
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Multifunctional amphiphilic nanoparticles for controlled release, molecular 
recogition, light harvesting, and catalysis 

Yan Zhao, zhaoy@iastate.edu.Department of Chemistry, Iowa State University, Ames, 
IA 50011-3111, United States 

Cross-linking of functionalized amphiphiles in the micellar and reverse-micellar 
configuration yielded multivalent water- and oil-soluble organic nanoparticles, 
respectively. The water-soluble nanoparticles could be easily functionalized on the 
surface and in the interior, through covalent modification or physical entrapment. They 
are useful in a range of applications including controlled release, catalysis, molecular 
recognition, light harvesting, and bioimaging. With a hydrophilic core and an alkyl 
corona, the oil-soluble nanoparticles are unique templates for subnanometer metal 
clusters with tunable local environments. The hydrophilic core could be modified with 
multiple functionalities for biomimetic catalysis. 
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Self-assembled supramolecular nanostructures composed of tetramethoxy 
resorcinarene derivatives and their metal complexes 

Kirsi Salorinne1, kirsi.salorinne@jyu.fi, Maija Nissinen1, Hannu Häkkinen1,2.  (1) 
Department of Chemistry, Nanoscience Centre, University of Jyväskylä, Jyväskylä, 
Finland  (2) Department of Physics, Nanoscience Centre, University of Jyväskylä, 
Jyväskylä, Finland 

Our long-standing research interest has been focused on the macrocyclic family of 
resorcinarenes, namely the crown ether and podand derivatives of tetramethoxy 
resorcinarene, which can be used as versatile building blocks in the construction of self-
assembled supramolecular architectures through non-covalent interactions.1-2 In our 
previous work, we have shown the resorcinarene crown ether derivatives to be ideal in 
complexing metal cations (alkali metal, silver and ammonium cations) within the 
resorcinarene cavity, and thus enabling variety of metal cation containing 
supramolecular assemblies from capsules to nanorods.1,3-5 Also, the podand derivatives 
of tetramethoxy resorcinarene have been shown to build interesting supramolecular 
network structures, which can be controlled by the functionality of the podand 
appendices.2 

1. Salorinne, K.; Nissinen, M. Org. Lett. 2006 , 8, 5473 
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5. Salorinne, K.; Lopez-Acevedo, O.; Nauha, E.; Häkkinen, H.; Nissinen, M. 
CrystEngComm 2012 , 14, 347 
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Complexity as the rule: Examples from supramolecular donor-acceptor systems 
to carbohydrate recognition suggest cooperativity and multivalency are inevitable 

Adam B. Braunschweig1, a.braunchweig@miami.edu, Stephen Rieth2, Zhong Li2.  (1) 
Department of Chemistry, University of Miami, Coral Gables, FL 33146, United 
States  (2) Department of Chemistry, New York University, New York, NY 10003, United 
States 

Natural materials perform complex tasks as a direct result of their hierarchical 
organization, and significant efforts are devoted currently to achieving similar structural 



and functional complexity with synthetic systems. This presentation will describe efforts 
within the Braunschweig group to create supramolecular systems with functionality 
comparable to their biological counterparts for carbohydrate recognition and solar 
energy harvesting. In a departure from Cram's rules of complementarity and 
preorganization, orthogonal noncovalent interactions and structural flexibility were 
incorporated onto supramolecular synthons as a strategy towards addressing both 
challenges. By pursuing this approach we have developed a new synthetic lectin 1 that 
selectively recognizes mannosides (Man) in CHCl3 through two distinct cooperative 
binding pathways (Figure 1). Separately, we have created a supramolecular donor-
acceptor system based on diketopyrrolopyrrole donors and perylene diimide acceptors 
that assembles into chiral superstructures as a result of π···π stacking and Hydrogen-
bonding. Using variable temperature fluorescence, variable temperature circular 
dichroism, and time resolved spectroscopic techniques, we discovered a new assembly 
route for the formation of donor-acceptor superstructures involving both cooperativity 
and multivalency. In addition, we demonstrate that charge separation efficiency is 
related directly to supramolecular organization. We argue that the serendipitous 
discovery of complexity in the form of multivalency, cooperativity, and unique 
functionality in these two distinct supramolecular systems cannot be coincidental, and 
based on these results suggest a framework by which complexity can be enhanced or 
suppressed.  
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Toward self-constructing materials: A systems chemistry approach 

Nicolas Giuseppone, giuseppone@unistra.fr.Department of Chemistry, University of 
Strasbourg - Institut Charles Sadron CNRS, Strasbourg, France 



The confluence of dynamic and constitutional features related to supramolecular self-
assemblies– when they occur within mixtures of competing molecular architectures – 
has recently opened a very intriguing branch of chemical science, the so-called dynamic 
combinatorial chemistry (DCC). Within this framework, emerging lines of investigations 
have been directed towards the development of dynamic combinatorial materials and 
devices.These ones can be defined as multi-component chemical systems which, 
thanks to the reversibility of their interconnections within networks of competing 
reactions, and thanks to their sensitivity to environmental parameters, aim at performing 
modular functional tasks by responding to external stimuli. The behaviour of such 
dynamic materials is by essence more complex than the one produced by their static or 
single-component counterparts and as such, they hold higher potentialities in terms of 
information processing and functionality tuning. Besides materials science, another 
recent approach in DCC consists in coupling networks of reversible reactions with 
autocatalytic loops, in order to combine their constitutional “plasticity” with a self-
replicating process as an amplification tool. We will discuss some of our works 
concerning such responsive systems along these two different lines and, more 
particularly, we will focus on their merging to access self-constructing materials with 
advanced functional properties for electronic conduction. We will also outline the 
potential of such systems to act as vectors of information. 

COLL 103 

Hierarchical metal ion-promoted assembly of collagen peptide triple helices into 
hollow spheres with encapsulated cargoes 

Jean Chmielewski, chml@purdue.edu.Department of Chemistry, Purdue University, 
West Lafayette, IN 47907, United States 

Designed hierarchical assembly of biopolymers into nano- and micro-scaled 
supramolecular structures is an area of interest for applications such as biomedical 
imaging and drug delivery. In this regard, we have designed a 27 amino acid collagen-
based peptide (Hbyp3 ) that radially displays nine hydrophobic bipyridine moieties from 
a triple helical scaffold. Initial self-assembly of Hbyp3 triple helices led to the formation 
of micron-scaled disks with a curved morphology, presumably mediated by aromatic 
interactions, with a height that corresponds to the length of the triple helical peptide. 
Higher order assembly of these curved disks into micron-sized hollow spheres was 
accomplished through metal-ligand interactions between bipyridine groups on the disks 
and a range of metal ions. The thickness of the shell of these hollow spheres 
corresponds well with the thickness of the corresponding self-assembled disks. The 
encapsulation of a variety of cargoes will be described in addition to conditions that 
promote cargo release. 

COLL 104 

Design, synthesis, and applications of covalent organic nanocages 



Wei Zhang, wei.zhang@colorado.edu, Chenxi Zhang, Yinghua Jin, Qi Wang, Ryan 
McCaffrey, Chao Yu.Chemistry and Biochemistry, University of Colorado Boulder, 
Boulder, CO 80309, United States 

Three-dimensional (3-D) molecular cages, particularly shape-persistent, covalent 
organic polyhedrons (COPs) with well-defined pore dimensions, have attracted 
considerable attention due to their numerous applications in host-guest chemistry, 
chemical sensing, catalysis, gas adsorption, etc. This presentation will focus on the 
synthesis of shape-persistent covalent organic nanocages via reversible metathesis 
reactions and their structure-property relationship study. These discrete, well-defined 
cage molecules have shown great potential in carbon capture, molecular separation, 
nanoparticle synthesis, and biomedical applications. 

COLL 105 

Developing selective and orthogonal interactions for use in materials and 
medicine 

Steven C. Zimmerman, sczimmer@illinois.edu.Department of Chemistry, University of 
Illinois, Urbana, IL 61822, United States 

Highly selective processes are coveted throughout chemistry. For example, synthetic 
chemists have invested significant effort in developing chemo-, regio-, and 
stereoselective reactions and increasing attention is being paid to pairs of 
chemoselective reactions that are orthogonal. Supramolecular chemists are 
analogously beginning to develop selective and orthogonal processes, and these will be 
vital for creating the next generation of functional and advanced nanomaterials. This talk 
will briefly review the history of orthogonality in supramolecular chemistry and illustrate 
its application to materials and medicine with recent examples from our research group. 
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Science and policy challenges for nanostructured materials in advanced energy 
applications 

Elsa Reichmanis1, ereichmanis@chbe.gatech.edu, Marilyn Brown2.  (1) School of 
Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, 
Georgia 30332, United States  (2) School of Public Policy, Georgia Institute of 
Technology, Atlanta, Georgia 30332, United States 

The development and implementation of advanced energy technologies requires not 
only technology expertise, but also understanding of the policies that may impact 
implementation. Georgia Tech has assembled an interdisciplinary team with 
technological and public policy expertise to create a generation of leaders in renewable 
energy. Implementation of new materials into energy technologies will greatly depend 
on broader influences, such as energy policy, social and environmental concerns, as 



well as the economics of the solution. Our research involves a unique partnership 
between fundamental science, more practical system level engineering issues, coupled 
with a policy orientation, where these different field are fully integrated. This 
presentation will highlight our nanostructured materials and policy research efforts and 
demonstrate the impact of a holistic, integrated approach to the development of 
technologies to meet global societal needs. 

COLL 107 

Morphological differences in short side chain and long side chain 
perfluorosulfonic acid proton exchange membranes at low and high water 
contents 

Nicholas J. Economou, neconomou@chem.ucsb.edu, James R. O'Dea, Thomas B. 
McConnaughy, Steven K Buratto.Chemistry, University of California Santa Barbara, 
Santa Barbara, CA 93106, United States 

Ionomer membrane materials such as Dupont's Nafion® (a sulfonated 
tetrafluoroethylene based fluoropolymer) have long been used as the proton conducting 
medium in proton exchange membrane (PEM) fuel cells. It has recently been shown 
that short side chain perfluorosulfonic acid membranes such as Hyflon Ion® developed 
by Solexis can outperform the benchmark long side chain material, DuPont's Nafion®. 
Despite these promising results, a detailed understanding of the relationship between 
membrane morphology, hydration, and fuel cell performance has yet to be achieved. 
Using atomic force microscopy (AFM) phase imaging over a wide range of relative 
humidity and in solution, we compare a Nafion 212 membrane to Hyflon Ion® E87-05 
and find evidence of the improved performance in the latter. Hyflon exhibits a higher 
hydrophilic surface area across all water contents, explaining its higher proton 
conductivity and fuel cell performance. At high water contents, the surface of Nafion® 
undergoes significant structural rearrangement and forms large rod-like features parallel 
to the surface, whereas the Hyflon Ion® membrane undergoes little if any such 
transition. 



 

 
 

We show using conductive AFM that these features are insulating, which indicates they 
most likely consist of a fluorocarbon layer surrounding a hydrophilic core and do not 
contribute to fuel cell performance. The ability of Hyflon to undergo changes in water 
content with minimal rearrangement of hydrophilic domains implies an ability to operate 
more effectively under variable relative humidity. 
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Polybenzimidazole nanocomposites: Organic/inorganic hybrid membranes for 
PEM fuel cell 

Tushar Jana, tjsc@uohyd.ernet.in.School of Chemistry, University of Hyderabad, 
Hyderabad, Andhra Pradesh 500046, India 

Motivation of the current studies comes from the fact that despite the myriad studies on 
polybenzimidazole (PBI) based proton exchange membranes (PEM) for fuel cell 
operating above 100°C, the development of membranes with higher proton conductivity 
without compromising mechanical stability has continued to be the prime challenge. Our 
group has developed and been working on several strategies to address this key 
challenge. Briefly our approaches are: (1) synthesis of tailor made PBI structures, (2) 
development of a novel fabrication process called 'Gel Process', (3) blending of PBI with 
suitable polymers, and (4) formation of PBI nanocomposites with inorganic fillers. In this 
presentation, I wish to share our recent contributions on PBI nanocomposites based 
PEM membranes. Nanocomposites of polymers with inorganic fillers e.g. clays, silica 
etc. have attracted great interests because of remarkable improvement in properties. A 



judicious choice of polymer structure and functionality along with inorganics structures 
are the key factors to have favourable interactions which yield to nanocomposites. I 
wish to highlight the preparations, structures and properties of oxy-polybenzimidazole 
(OPBI), a heterocyclic polymer with ether linkage in the backbone, nanocomposites with 
varieties of clays and silica particles. Structurally different clays and nano sized silica 
particles have been used after appropriate organic modifications which induce the 
compatibility of these inorganic fillers with the PBI/OPBI. We observed that the structure 
of the inorganics dictates the nanocomposites structures and hence the properties. 
Newly developed organic/inorganic hybrid nanocomposite membranes displayed very 
high proton conducting behavior at 160°C and remarkably high thermal, mechanical, 
and oxidative stabilities.  
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Effects of thermal annealing on the oxygen reduction activity of Pt3Ni 
nanoctahera 

Hongzhou Yang, yangh2@miamioh.edu, Shouzhong Zou.Department of Chemistry & 
Biochemistry, Miami University, Oxford, Oh 45056, United States 

In the development of proton exchange membrane fuel cells (PEMFCs), a key 
challenge is to increase the kinetics of the oxygen reduction reaction (ORR) at the 
cathode. Research has been largely focused on bimetallic alloys of Pt with first row 
transition metals (such as Fe, Co, Ni, etc.) in order to improve the catalytic activity 
towards ORR. Of particular interest is the high catalytic activity on facet-controlled Pt 
alloys surface. For example, a nearly 90-fold higher ORR activity than that of the current 
state-of-the-art Pt/C catalyst was observed on extended Pt3Ni (111) surfaces. Recently, 
this highly active Pt3Ni (111) surface was transferred into more practical nanoscale 

electrocatalysts by the synthesis of ∼10 nm Pt3Ni nanoctahedra through a surfactant-
based solution approach and a surfactant-free solvothermal approach, respectively. The 
specific activity towards ORR on carbon supported Pt3Ni nanoctahedra (Pt3Ni Octa/C) 
was, however, only about 6 to 10 times of that of Pt/C. Therefore, it is of great interest to 
study if the catalytic activity of Pt3Ni Octa/C could be further enhanced. In the present 
work, Pt3Ni Octa/C were synthesized by the solvothermal approach and different 
thermal annealing treatments were explored to further increase ORR activity of Pt3Ni 
Octa/C. Effects of thermal annealing treatment conditions, such as the annealing 
temperature, time, and gas atmosphere, on the catalytic performance of Pt3Ni Octa/C 
will be discussed. The experimental results indicate that the ORR activity of Pt3Ni 
Octa/C can be further improved by choosing proper thermal annealing treatments. The 



observed treatment procedure could also be applied to other Pt alloy ORR nanoparticle 
catalysts. 
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Oxygen reduction reaction on Pt thin films deposited on Au nanocrystals 

Yongan Tang, tangy3@miamioh.edu, Shouzhong Zou.Chemistry & Biochemistry 
Department, Miami University, Oxford, OH 45056, United States 

Fuel cells are promising power sources in vehicles and portable electronic devices due 
to their environmentally friendly properties and high energy conversion efficiency. In the 
proton exchange membrane fuel cells (PEMFCs), the main issues are the slow oxygen 
reduction reaction (ORR), and the vulnerability toward reaction poisons of Pt 
electrocatalyst.1,2 ORR on Pt nanoparticles have been extensively studied, but in most 
of these studies, the particle shape is not well control because of the difficulty in shape 
control synthesis. In contrast, gold nanocrystals with low-index facets of {111}, {110}, 
and {100} respectively, have been synthesized.3 By epitaxially depositing Pt thin films 
on these Au nanocrystals, the effects of particle structure can be systematically studied. 

In this presentation, it will be demonstrated that Au nanocubes, nanooctahedra, and 
nanorombic dodecahedra with a controlled size from 50 nm to 100 nm in size have 
been successfully synthesized by using a seed-mediated growth method. High 
resolution TEM and electron diffraction results confirm the gold nanocrytals are 
enclosed with different low-index facets {100}, {111}, and {110} respectively. By using a 
redox replacement method, Pt monolayers are deposited on these Au nanocrytals. The 
catalytic activity of these Pt coated nanoparticles towards ORR will be discussed and 
compared with that of pure platinum nanoparticles. 

1.Vielstich, W.; Lamm, A.; Gasteiger, H. A., Wiley: New York. 2003 . 

2.Gasteiger, H. A.; Kocha, S. S.; Sompalli, B.; Wagner, F. T., Appl. Catal. B-Environ. 
2005, 56 (1-2), 9-35. 

3.Niu, W.; Zheng, S.; Xu, G J. AM. CHEM. SOC. 2009 , 131, 697–703 
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Nanoalloy catalysts 

Chuan-Jian Zhong, cjzhong@binghamton.edu.Department of Chemistry, State 
University of New York at Binghamton, Binghamton, NY 13902, United States 

The ability to engineer the size, shape, composition, and structural properties of 
catalysts is important for the design of active, robust and low-cost catalysts for 
electrochemical energy conversion and storage. In this presentation, recent progress of 



our work in the synthesis and processing of molecularly-capped nanoalloy nanoparticle 
catalysts will be discussed, aiming at enhancing the catalytic activity of nanoalloy 
catalysts with a reduced use of noble metals for fuel cells, rechargeable metal-air 
batteries, and other related reactions. Selected examples of Pt-based ternary nanoalloy 
catalysts will be described, highlighting new insights into the correlation of the catalytic 
properties of the structural and chemical ordering/disordering details derived by 
synchrotron x-ray based characterizations (e.g., high-energy resonant XRD with pair 
distribution function (PDF) analysis). 
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Nanoporous metal catalysts: Synthesis, activity, and stability 

Guadalupe Ramos-Sanchez1, balbuena@tamu.edu, Julibeth Martinez de la Hoz1, Nhi 
Dang1, Perla B. Balbuena1,2.  (1) Department of Chemical Engineering, Texas A&M 
University, College Station, TX 77843, United States  (2) Department of Materials 
Science and Engineering, Texas A&M University, College Station, TX 77843, United 
States 

The improvement of the catalytic efficiency for the oxygen reduction reaction (ORR) is 
one of the most important challenges in low-temperature fuel cell technology. Platinum 
is the most active element for the ORR but its high cost and scarcity hinder the 
commercial implementation of fuel cells in automobiles. Pt-based alloys are promising 
alternatives to substitute platinum while maintaining the efficiency and life-time of the 
pure catalyst. However, the presence of an acid medium and oxidation of the surface 
impacts the activity and durability of the alloy catalysts through changes in its local 
composition. Dealloying is the selective removal of elements from an alloy. According to 
recent experimental reports dealloying taking place during the synthesis of ORR 
catalysts may yield remarkable activity enhancement by creating characteristic porous 
or hollow structures. However, the dealloying process that occurs during the fuel cell 
operation is enhanced by the concomitant presence of oxygen that promotes metal 
dissolution causing the degradation of the catalyst. In this work the driving forces and 
the effect of dealloying on the structure of ternary alloy nanocatalysts during their 
synthesis and operation are studied with a multi-scale approach including density 
functional theory, molecular dynamics, and Kinetic Monte Carlo simulations. 

COLL 113 

Magnetic effects for electrochemical hydrogen storage and generation 

Heung Chan Lee, Jessica J. Reed, Johna Leddy, johna-leddy@uiowa.edu.Department 
of Chemistry, University of Iowa, Iowa City, IA 52242, United States 

Magnetic microparticles introduced onto and into electrode surfaces increase currents. 
The largest current enhancements are found for adsorbate reactions and for systems of 



slow transport, such as the ion exchange polymers used in fuel cells and modified 
electrodes and the near solid state matrices common to batteries. 

Here, examples of improved performance on introduction of magnetic microparticles to 
electrochemical energy generation and storage are presented. The specific examples 
are: 

 The hydrogen evolution reaction (HER) at magnetically modified p-Si 
 Hydride storage in palladium with a magnetically modified surface 

For the HER on p-Si, overpotentials for hydrogen evolution are reduced substantially. 
Solar energy is used to drive the reaction. 

For hydride storage in palladium, the interfacial transfer is a rate determining step. 
Magnetic modification increases this rate substantially. 

Magnetic effects on interfacial hydrogen reactions are thought to arise from impacts on 
electron transfer rather than on mass transport. The slow rates are established by 
reaction of the adsorbate rather than by mass transport. 
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Nanoporous nanopyramids: Controlling multiple length scales in a single particle 

David M Karlin, davidkarlin2013@u.northwestern.edu, Teri W Odom.Department of 
Chemistry, Northwestern University, Evanston, Illinois 60201, United States 

Three length scales are associated with nanotechnology: the order of 1 nm, tens of nm, 
and hundreds of nm. A multiscale nanomaterial can take advantage of the distinct 
properties of each simultaneously. Nanoparticles typically have dimensions within one 
or two length scales; e.g., a nanosphere with tens of nanometer diameter and 1 nm 
radius of curvature. Anisotropic nanoparticles can have features in all three scales but it 
is difficult to adjust one without affecting the properties of the others. A method was 
developed to independently control parameters such as particle size, particle shape, 
and pore size of nanoporous particles. A pyramidal shell contains intrinsic features 
spanning three orders of magnitude: the tip is of the order of 1 nm, the shell thickness is 
tens of nm, and the overall order size is of the order hundreds of nm. Photolithography 
based template fabrication controlled the size of the particle and metal deposition 
controlled the material, Au0.35Ag0.65, and shell thickness. The particle material was 
dealloyed to add pores, an additional feature of the order of 1 nm. 
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Homochirality inhibits complex coacervation of polypeptides 

Sarah L Perry1, perrys@uchicago.edu, Lorraine Leon1,2, Katie Megley3, Matthew J 
Kade1,2, Dimitrios Priftis1, Derek Wong1, Khatcher O Margossian1, Matthew V 
Tirrell1,2.  (1) Institute for Molecular Engineering, University of Chicago, Chicago, IL 
60637, United States  (2) Argonne National Laboratory, Argonne, IL 60439, United 
States  (3) Department of Bioengineering, University of California at Berkeley, Berkeley, 
CA 94720, United States 

Complex coacervation is a liquid-liquid phase separation phenomenon resulting from 
the electrostatic complexation of oppositely charged polyelectrolytes. The resultant fluid 
phase (coacervate) is a dense, polymer-rich liquid retaining both water and salt. 
Coacervates are common in everyday life, present in applications ranging from 
electronic displays to food and cosmetics. Coacervates also play a key role in the 
protein-based underwater adhesives used by sessile marine animals. Emerging 
experience has shown that these liquid polyelectrolyte complexes can be formed using 
charged polypeptides. The dense, amino acid-rich coacervate phases formed from 
polypeptides have tremendous potential as mimics for the crowded intracellular 
environment where sequence specificity can be used to tailor both molecular 
interactions and function. Furthermore, the liquid-liquid phase separation of the droplet 
enables sequestration of encapsulated materials, such as proteins, from the external 
environment in a manner similar to intracellular organelles. 

Naturally occurring proteins are composed almost entirely of left-handed, or L-amino 
acids. This homochirality is critical for protein folding and the formation of compact 
tertiary structures. However, the fluid nature of a coacervate appears to be incompatible 
with homochiral polypeptides. Instead, coacervation requires that one or more of the 
polypeptides have a racemic character. The solid precipitates that form from the 



electrostatic complexation of oppositely charged, chiral polypeptides (L+L, L+D, D+L, 
D+D) have an aggregated beta strand structure reminiscent of fibrils. Long stretches of 
homopolypeptides have been linked to disorders such as Huntington's disease. We are 
exploring the role of chirality and tacticity on the formation of liquid coacervates as 
opposed to solid fibrillar precipitates. This work, coupled with investigations on the effect 
of incorporating different amino acids has the potential to elucidate pathways whereby 
natural proteins have evolved to utilize diversity of amino acid sequence to favor 
assembly into a (folded) equilibrium structure over a kinetically trapped fibrillar state. 
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Gelation of vesicles by hydrophobically modified biopolymers: Effect of 
hydrophobe length and graft density 

Juan Zhang1,2, juansmile2011@163.com, Srinivasa R Raghavan1, Guiying Xu2.  (1) 
Department of chemical & biomolecular engineering, University of Maryland, College 
Park, MD 20742, United States  (2) Department of colloid & interface chemistry, 
Shandong University, Jinan, Shandong 250100, China 

Recently, we have been interested in hydrophobic derivatives of polysaccharides such 
as chitosan and alginate. Such polymers have a hydrophilic and water-soluble 
backbone, with hydrophobic tails attached at random points along the backbone. The 
hydrophobic groups enable the polymer to interact strongly with nanoscale self-
assembled structures such as micelles and vesicles. In particular, hydrophobically 
modified chitosan (hmC) has been shown to convert a solution of vesicles into an elastic 
gel. Gelation is attributed to the insertion of hydrophobes from hmC chains into the 
bilayers of vesicles; thereby the polymer bridges the vesicles into a three-dimensional 
network. Similar gelation has also been shown to occur with biological cells, including 
blood. In this study, we further probe the rheology and nanostructure of vesicle/hmC 
mixtures. We are particularly interested in the effect of hydrophobe tail length and graft 
density. Hydrophobic alkyl tails of length varying from C6 to C18 are attached to the 
backbone of hmC. The graft density of hydrophobes is varied from about 2 to 10 mol% 
(relative to the fraction of free amines on the chitosan). As a model system of vesicles, 
we use mixed surfactant (catanionic) vesicles formed by combining the cationic 
surfactant cetyl trimethylammonium tosylate (CTAT) and the anionic surfactant sodium 
dodecyl benzene sulfonate (SDBS). We will present data from dynamic and steady-
shear rheology as well as from small-angle neutron scattering on vesicle-hmC mixtures. 
Physical insights based on these data will be discussed in the presentation. 
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Aptamer-loaded gold nanostars: A simple, scalable, and general nanotherapeutic 

Duncan Hieu M. Dam, Duncandam86@gmail.com, Teri W Odom.Chemistry, 
Northwestern University, Evanston, IL 60208, United States 



Targeted therapy, where drugs are preferentially delivered to cancer cells based on 
specific surface receptors, has been shown to reduce the adverse side effects of 
traditional chemotherapy. The targeting of specific organelles should further improve 
efficacy. However, the “free” form of targeting molecules shows rapid degradation and 
clearance, poor intratumoral uptake, and low concentrations that actually reach the 
target. Packaging therapeutic drugs on or within nanoparticles is one strategy being 
pursued to improve drug stability and pharmacokinetics. This proposal describes a 
nanoconstruct that can deliver oligonucleotide drugs directly to the cancer cell nucleus. 
We have designed a simple two-component nanoconstruct—aptamer-coated gold 
nanostars (Apt-AuNS)—that can improve the efficacy nuclear-targeted cancer therapy. 
We have tested (1) Apt-AuNS and (2) Apt-AuNS with ultra-fast light irradiation in 12 
cancer cell lines and found that they induce apoptosis and cell death; the viability of 
three normal cell lines was not affected. Besides these biological effects, severe 
physical deformation of the nuclear envelope (NE) was observed when Apt-AuNS 
accumulated in the perinuclear region of cancer cells; no deformations were found in 
the nuclei of normal cells. Preliminary in vivo studies in a murine breast cancer model 
have shown accumulation of Apt-AuNS in the tumor and decreased tumor size to 74% 
after 10 days. Our results suggest that Apt-AuNS can be used as a general strategy for 
delivering various drug molecules that can be attached to the gold carrier via a sulfur 
bond. In particular, we expect our nanoconstruct Apt-AuNS to enable faster translation 
to the clinic because of its simple yet powerful design (two components produce more 
than eight functions), its specific nuclear targeting and trafficking mechanisms, its light-
triggered release of cargo by short (only second) irradiation times, and since Apt is 
already in trials in its free form. 

COLL 118 

DNA nanostructure directed localization of SWCNT 

Masudur Rahman, rahmanm@marshall.edu, Anshuman Mangalam, Michael L. 
Norton.Department of Chemistry, Marshall University, Huntington, WV 25755, United 
States 

Nanoscale electronic device applications of CNT's will require arranging them into 
networks, with precise control of the placement, orientation and spacing being essential. 
Scaffolded DNA nanoarchitectures provides a flexible platform for performing 
supramolecular chemistry, generating complex, nanostructured surfaces through the 
use of simple modifications, which can accommodate various biologically relevant 
molecules, metal nanoparticles, quantum dots and carbon nanotubes. In this 
presentation a simplified, alternative approach to immobilize CNTs on origami 
constructs at ∼100 nm spacing, with programmed orientation, is reported. 



 

 
 

Figure 1: AFM images of SWCNT a) short length; b) long length; c) single rectangular 
origami (srDO); d) one dimensional cross origami (1DcDO); e) and f) show CNTs 
aligned srDO and g) shows two CNTs aligned on 1DcDO. Scale bars for images a-f are 
100nm in length. 

Particularly, two different lengths of ssDNA wrapped SWCNT, short tubes of length ∼92 
nm±24 (Fig.1a) and long tubes of length 314 nm±249 (Fig.1b) were bound to the ssDNA 
rich edges of two differently shaped origami constructs, one rectangular (Fig. 1c) and 
one in the form of a catenated cross motif (1DcDO) (Fig. 1d) in this study. AFM 
topography images presented in Figs. 1e and 1f demonstrate that short CNT's 
successfully aligned on the edges of single origami constructs and Fig. 1g presents a 
pair of ∼500nm long CNTs successfully aligned on 1DcDO in a parallel orientation. 
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Plasmonic nucleic acid sensing by target-induced nanoparticle self-assembly 
onto optical fiber cone arrays 

Yunshan Wang1, ywang12@nd.edu, Paul Stoddart2, Satyajyoti Senapati1, Hsueh-Chia 
Chang1.  (1) Department of Chemical and Biomolecular Engineering, University of Notre 
Dame, Notre Dame, IN 46556, United States  (2) Engineering & Industrial Sciences, 
Swinburne University, Melbourne, VIC 3122, Australia 

Point-of-care genetic diagnostic devices require a rapid, inexpensive, sensitive and 
selective detection platform. Two commercialized technologies developed in the past 
decade, real-time PCR and DNA microarrays, provide high sensitivity, but have 



significant drawbacks including complexity, high cost and sensitivity to environmental 
contaminants. These drawbacks are related to fluorescent reporting/detection and 
hinder them from being applied in the field. 

Colorimetric or plasmonic assays with ssDNA-induced nanoparticle self-assembly have 
achieved three times higher selectivity than conventional fluorescent reporting and 100 
times higher sensitivity by silver reduction. In addition, nanoparticle aggregation is found 
to be more stable and robust than fluorescence assays for field samples with uncertain 
pH and ionic strengths. However, nanoparticle assays suffer from long assay times due 
to the long particle diffusion time and low sensitivity without the tedious silver reduction 
enhancement. In our current design, these limitations are overcome by using an AC 
electric field to accelerate ssDNA-induced self-assembly of probe functionalized 
nanoparticle probes with 10-nm gold-coated tips of optical fiber cone arrays, where the 
electric field is intensified because of the lightning-rod effect at the conic singularity. The 
intense induced nanoparticle dipole that results imparts a pN dielectrophoretic force on 
the particle towards the cone tip, thus reducing the particle transport time from hours to 
minutes. Enhanced plasmon resonance at cone tip interacts with nanoparticle plasmon 
resonance, thus producing enhanced plasmonic signal of the nanoparticle reporters, 
without fluorophores or silver reduction. 

The nanocolloid-cone array assay hence offers sensitivity, robustness, rapid assay time 
etc and can be used with a small and simple portable instrumentation---a miniature 
camera suffices as the optical detector for the entire array.  

COLL 120 

Programmed RNA self-assembly 

Chenhui Hao, haoc@purdue.edu, Xiang Li, Cheng Tian.Department of Chemistry, 
Purdue University, West Lafayette, Indiana 47907, United States 

DNA superamolecular assembly has been well developed and proven to be successful 
in construction of a wide variety of nanostructures. RNA, a closely related 
biomacromolecule to DNA, can potentially provide much great scope in terms of 
structural and functional complexity. Such RNA nanostructures could be used for siRNA 
delivery or organizing intracellular reactions. Unfortunately, programmed RNA self-
assembly is still under developed though some successful examples have been 
reported. It is highly desirable to rationally design and construct RNA nanostructures for 
different application. In this work, we have explored in this direction. Our preliminary 
results demonstrated that we have established a RNA molecular platform for assembly 
of different, well-defined 3D nanocages, which have been characterized by 
polyacrylamide gel electrophoresis (PAGE) and cryogenic electron microscopy 
(cryoEM) 



 
 
 
 

 
 
 
. Currently, we are further developping this system to expand the scope of accessible 
nanostructures. 
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Formation of super-stiff adhesive gels through the ionic crosslinking of 
polyelectrolytes 

Yan Huang, Patrick G. Lawrence, Yakov Lapitsky, 
yakov.lapitsky@utoledo.edu.Department of Chemical and Environmental Engineering, 
University of Toledo, Toledo, OH 43606, United States 



When polyelectrolytes are mixed with multivalent counterions, the multivalent ions can 
crosslink the polymer chains into an array of supramolecular complexes. These 
complexes range from liquid coacervates to gels and precipitates, and find use in a 
variety of applications, such as controlled release, separation processes and 
antibacterial coatings. Here, we will show how certain mixtures of readily available 
polyelectrolytes and multivalent salts can self-assemble into remarkably stiff and 
adhesive gels. The formation of ionically crosslinked complexes from these mixtures 
was examined using isothermal titration calorimetry (ITC), phase studies and dynamic 
light scattering (DLS). At low ion-to-polymer ratios, these mixtures formed either 
solutions or colloidal dispersions with fairly narrow size distributions. When the 
multivalent ions were mixed with the polyelectrolyte at near-stoichiometric charge ratios, 
however, the colloidal complexes coagulated into macroscopic gels. The strength and 
stiffness of these gels was characterized by steady-state and dynamic rheology, 

revealing extremely high shear moduli (G' ∼ 106 Pa), which to our knowledge have 
hitherto only been achieved in polymeric hydrogels through dense covalent crosslinking, 
and never via self-assembly (e.g., using ionic, hydrophobic or hydrogen bonding 
interactions). In this talk, these gel properties will be qualitatively related to the polymer 
structure and polyelectrolyte/multivalent counterion binding strength. The adhesion of 
these gels to various substrates and their potential applications will also be discussed. 
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Stimuli-triggered shape responses of cubical layer-by-layer assembled hydrogel 
microcapsules 

Eugenia Kharlampieva, ekharlam@uab.edu, Veronika Kozlovskaya, Yun Wang, Jun 
Chen.Department of Chemistry, University of Alabama at Birmingham, Birmingham, AL 
35294, United States 

The dynamic control over materials shape plays a key role in the complex biological 
environment and has attracted considerable attention in science, engineering, and 
medicine. We report on a novel type of dynamic shape responses exhibited by cubical 
hydrogel microcapsules. The capsules are produced as poly(methacrylic acid)-based 
hydrogel (PMAA) replicas of cubical sacrificial templates and obtained from chemically 
cross-linked multilayers of hydrogen-bonded precursor films. While cubical (PMAA)20 
capsules turned into spherical-like when transitioned from acidic to basic pH values, 
PMAA-poly(vinylpyrrolidone) capsules retained their cubical shape and increased in 
size instead. The drastic difference in pH-triggered shape responses was rationalized 
through the difference in hydrogel rigidity expressed as the ratio of the polymer contour 
length between the neighboring cross-links to persistence polymer length. We believe 
that our findings provide new prospects for developing polymeric materials with 
predictable shape and size-changing properties for controlled drug delivery and cellular 
uptake. 

COLL 123 



Maneuvering the internal porosity and surface morphology of electrospun 
polystyrene yarns by controlling the solvent and relative humidity 

Ping Lu, pinglu@gatech.edu, Younan Xia.The Wallace H. Coulter Department of 
Biomedical Engineering, School of Chemistry and Biochemistry, and School of 
Chemical and Biomolecualr Engineering, Georgia Institute of Technology, Atlanta, 
Georgia 30332, United States 

This work presents a simple and reliable method for generating polystyrene (PS) yarns 
composed of bundles of nanofibrils by using a proper combination of solvent and 
relative humidity. We elucidated the mechanism responsible for the formation of this 
new morphology by systematically investigating the molecular interactions among the 
polymer, solvent(s), and water vapor. We demonstrated that vapor-induced phase 
separation played a pivotal role in generating the yarns with a unique structure. 
Furthermore, we discovered that the low vapor pressure of N,N-dimethylformamide 
(DMF) was critical to the evolution of pores in the interiors. On the contrary, the 
relatively high vapor pressure of tetrahydrofuran (THF) hindered the formation of interior 
pores but excelled in creating a rough surface. In all cases, our results clearly indicate 
that the formation of either internal porosity or surface roughness required the presence 
of water vapor, a nonsolvent of the polymer, at a proper level of relative humidity. The 
exact morphology or pore structure was dependent on the speed of evaporation for the 
solvent(s) (DMF, THF, and their mixtures), as well as the inter-diffusion and penetration 
of the nonsolvent (water) and solvent(s). Our findings can serve as guidelines for the 
preparation of fibers with desired porosity both internally and externally through 
electrospinning. 
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Self-regulated and infrared-stimulated control of light transmission through 
cholesteric liquid crystals 

Jonathan P Vernon1, jonathan.vernon@wpafb.af.mil, Aaron D. Zhao1,2, Brandon M. 
Lynch1,3, Vincent P. Tondiglia1,4, Timothy J. White1, Nelson V. Tabiryan5, Timothy J. 
Bunning1.  (1) Air Force Research Laboratory, Wright-Patterson AFB, OH 45433, United 
States  (2) Azimuth Corp., Dayton, OH 45432, United States  (3) SOCHE, Dayton, OH 
45420, United States  (4) SAIC Inc., Dayton, OH 45431, United States  (5) Beam Co., 
Winter Park, FL 32789, United States 

Cholesteric liquid crystals (CLCs) self-organize into a periodic helical structure that 
selectively reflects circularly polarized light of the same handedness as the twist within 
the helical superstructure. The CLC phase occurs naturally in some materials, but more 
commonly is examined in mixtures of an achiral nematic liquid crystal host and a chiral 
dopant, which is added to induce twist. Selective reflection of light from the periodic 
structure forms a transmission notch / reflection peak. Photosensitive CLC mixtures 
comprised of azobenzene-based nematics, chiral dopants, and/or dyes have 
demonstrated the ability to phototune (i.e., change notch position upon exposure to 



light), undergo phase transitions, and even create 2D patterns upon light exposure. The 
“smarts” exhibited by such optical constructs are provided by the intrinsic material 
properties of the components, meaning the responsiveness requires no external sensor 
and the resting state does not consume power. This presentation will detail methods for 
self-regulating the phototuning rate and the transmission through control of polarization 
state, wavelength, and intensity of stimulus light. Additionally, dynamic and reversible 
IR-stimulated phototuning of similar photosensitive CLC mixtures will be demonstrated 
through the use of rare earth-doped sodium yttrium fluoride upconverting nanoparticles. 
Such demonstrations reveal functional self-assembling molecular systems that exhibit 
exquisite control of initial optical properties via formulation, the ability to dynamically 
change optical properties in a controlled manner with exposure to light, and novel 
approaches for extending the stimulus wavelength range for eliciting changes in optical 
properties. 
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Adsorption of polymer brush-grafted nanoparticles at the solid-liquid interface 

John K Riley1, Krzysztof Matyjaszewski2, Robert D Tilton1,3, 
tilton@andrew.cmu.edu.  (1) Department of Chemical Engineering, Carnegie Mellon 
University, Pittsburgh, PA 15213, United States  (2) Department of Chemistry, Carnegie 
Mellon University, Pittsburgh, PA 15213, United States  (3) Department of Biomedical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United States 

Adsorption of nanoparticle brushes, either in the form of multi-arm star polymers with 
cross-linked polymer cores or polymer brushes grafted from pre-existing nanoparticles, 
may provide a basis for new surface modification strategies for surface conditioning, 
lubrication or steric stabilization. Most applications of polymer brushes benefit from high 
chain grafting densities and high degrees of chain stretching from the surface, but often 
these traits are not so easily achieved in practical settings. One option is to synthesize 
nanoparticle brushes and adsorb those onto a surface. These pre-formed brush 
elements already display high chain grafting density and strong stretching. Then, the 
establishment of a surface modifying layer with the desirable characteristics depends on 
the ability of the nanoparticle brushes to adsorb at high lateral density on the surface. 
This presentation will consider adsorption of star polymers and polymer brush-grafted 
silica nanoparticles from suspension onto a solid substrate. Specific systems include 
poly(ethylene oxide) (PEO) star polymers and silica nanoparticles with grafted poly(2-
(dimethylamino)ethyl methacrylate) (Si-PDMAEMA) adsorbing to the silica/water 
interface. The extent and reversibility of adsorption will be compared with linear 
polymers having similar chemistry. Relative adsorption affinities of the nanoparticle 
brushes and linear chains will be discussed on the basis of competitive adsorption 
outcomes and the ability to adsorb under solution conditions that provide only a weak 
attraction between polymer segments and the surface. Since PDMAEMA is a weak 
polyelectrolyte, pH and ionic strength changes provide convenient levers to manipulate 
the strength of the segment-surface interaction and the inter-particle lateral repulsions 
to modify adsorption outcomes. 



COLL 126 

Effects of bulk aggregates on PEI/SDS adsorption layers at static and dynamic 
interfaces: Depletion vs. penetration vs. spreading 

Richard A Campbell1, campbell@ill.eu, Anna Angus-Smyth1,2, Colin D Bain2, Marianna 
Yanez Arteta3, Tommy Nylander3, Imre Varga4.  (1) Large Scale Structures, Institut 
Laue-Langevin, Grenoble, France  (2) Department of Chemistry, Durham University, 
Durham, United Kingdom  (3) Physical Chemistry 1, Lund University, Lund, Sweden  (4) 
Department of Chemistry, Eotvos-Lorand University, Budapest, Hungary 

The strong influence of particle formation in colloidal polyelectrolyte/surfactant mixtures 
on the static and dynamic interfacial properties is presented. Mixtures of poly(ethylene 
imine) (PEI) and sodium dodecyl sulfate (SDS) were first studied using neutron 
reflectometry (NR) and ellipsometry at the expanding air/water interface of an 
overflowing cylinder. The formation of bulk aggregates has very different consequences 
on the dynamic interfacial properties depending on the polyelectrolyte charge density, 
as shown by the ellipsometry data in the figure. At low charge density (high pH), bulk 
aggregates deplete the solution of surface-active monomers and small complexes, yet 
the particles cannot adsorb to the dynamic liquid interface as a result of their slow 
diffusion. In contrast, at high charge density (low pH), bulk aggregates are transported 
to the surface by convection followed by their reorganization to spread transient thin 
patches of polymer and surfactant across the interface. The same mixtures were then 
studied using NR at the solid/liquid interface with solid surfaces located both above and 
below the bulk liquid. Very different interfacial properties at different surfaces of the 
same sample show that gravity plays a key role in the delivery of nanostructured 
particles into the adsorption layers. The diverse effects of bulk aggregation on the 
interfacial properties of PEI/SDS mixtures highlights a gap between our current 
understanding of polymer/surfactant mixtures at interfaces and their optimization under 
conditions used in processing and applications. 
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New approach to predict the surface properties of strongly-interacting synthetic 
and bio-polyelectrolyte/surfactant mixtures 

Imre Varga1, imo@chem.elte.hu, Richard A. Campbell2.  (1) Institute of Chemistry, 
Eötvös Loránd University, Budapest, Hungary  (2) Institut Laue-Langevin, Grenoble, 
France 

Polyelectrolyte/surfactant (P/S) mixtures adopt a variety of structures at static air/liquid 
interfaces, ranging from monolayers, through trilayers to multilayers. These systems 
have been previously classified into two sorts: type 1 involving strong complex 
adsorption and thick layers and type 2 forming thin layers while exhibiting a surface 
tension peak. Recently, we have shown that the lack of the colloid stability of the P/S 
particles present in the bulk phase of a type 2 system (pdadmac/SDS) has a profound 
effect on the interfacial properties and leads to the development of the surface tension 
peak due to the depletion of the bulk phase in surface active materials. We have also 
shown that this system can exhibit the type 1 characteristic and interfacial multilayers 
when appropriately treated. In this work we extend our investigations to a typical type 1 
system (NaPSS/DTAB) and show that through tuning the bulk phase behavior it can 
exhibit the type 2 characteristic of a surface tension peak. We also demonstrate the 
effect of salt (ionic strength and salt quality: NaCl vs. NaBr) on the interfacial properties 
of NaPSS/DTAB system. Based on the newly available experimental data a new 
generalized model to describe P/S systems at fluid interfaces with respect to their bulk 
phase behavior will be presented and applied for biomacromolecule / surfactant 
systems. 



COLL 128 

Guided electrophoretic deposition of nanoparticles in nonpolar solvents 

Samuel D Oberdick, Tianlong Wen, halong@andrew.cmu.edu, Sara A 
Majetich.Department of Physics, Carnegie Mellon University, Pittsburgh, PA 15213, 
United States 

Electrically polarizable patterned dielectric templates are used in combination with 
electric fields to guide drying-mediated self-assembly of surfactant-coated nanoparticles 
in toluene. Electrophoretic mobility measurements show that oleic acid-coated 12 nm 
diameter Fe3O4 nanoparticles have a small number of excess charges, even when 
dispersed in a non-polar solvent. Together with a doped Si substrate patterned with 
hydrogen silsequioxane (HSQ) resist, this enables electric field-induced guidance of the 
particles into desired nanopatterns. Figure 1 shows a comparison of scanning electron 
microscopy (SEM) images of identical templates patterned without (a) and with (b) an 
electric field normal to the template substrate. The field-induced polarization of the HSQ 
helps to guide particles to high field regions where the assemblies nucleate during the 
drying process. Finite element simulations are used to model the fields, and the self-
assembly mechanisms are discussed and compared. 

 

 
 

COLL 129 

Gas hydrate particle formation in flow assurance 



Zachary Aman, Giovanny Grasso, Litao Chen, Amadeu Sum, David Wu, Dendy Sloan, 
Carolyn A. Koh, ckoh@mines.edu.Chemical & Biological Engineering Department, 
Colorado School of Mines, Golden, CO 80401, United States 

Gas hydrates are crystalline inclusion compounds comprised of a hydrogen-bonded 

water lattice which traps small gas molecules, such as methane, propane, and carbon 

dioxide. Gas hydrates can form in subsea oil and gas pipelines, or during containment 

of a Deepwater oil spill, leading to blockages in the pipeline or containment system, 

respectively. Such events can present severe safety, environmental, and economic 

risks. Understanding the mechanisms of gas hydrate formation and decomposition are 

critical to advancing effective gas hydrate control strategies in both of these 

applications. The physical phenomena key to these mechanisms include: hydrate 

nucleation and growth, particle-particle interactions, and particle-surface interactions 

and deposition. The nature of the fluid system (continuous water, oil, and gas) can have 

a significant influence on the physical phenomena leading to hydrate blockage. This 

paper will present an overview of the state-of-the-art in hydrates in flow assurance, and 

present experimental data on hydrate particle formation and interactions from liquid 

droplet and gas bubble surfaces which can lead to hydrate blockage 

COLL 130 

Polymer/surfactant aided particle deposition on surfaces in relation to bulk 
solution behavior 

Tommy Nylander, Tommy.Nylander@fkem1.lu.se.Department of Chemistry, Division of 
Physical Chemistry, Lund University, Lund, Sweden 

The deposition of soft and hard particles with the help of oppositely charged 
polyelectrolyte/surfactant systems has numerous industrial applications such as 
detergency, paints, oil recovery, pharmaceuticals, food and biotechnology. The 
deposition is a delicate balance between the bulk solution phase behavior of the system 
and the forces that control the interaction with the surface. We will discuss two 
important types of systems; namely, 1.) deposition from polyelectrolyte/oppositely 



charged surfactant system, where we exploit the associative phase behavior and 
surface interactions to obtain selective deposition and 2.) deposition of polymer 
stabilized lipid based liquid crystalline nano-particles particles, where we exploit the 
surface interaction and the particle composition to tune the layer structure and 
composition. 

Generally, maximum surface excess from polyelectrolyte/surfactant mixtures coincides 
with this phase separation region and this process is often kinetically controlled. It also 
appears that if the particle and the surface have the same surface properties, deposition 
is significantly lower than that under mismatched conditions. 

Controlled deposition of lipid based liquid crystalline nano-particles is strongly 
dependent on the strength of the interaction with the substrate surface. For hydrophobic 
surfaces, we often see complete spreading of the particle, resulting in mainly mono- or 
bilayer adsorption of the lipid material. However for cationic, anionic or zwitterionic 
substrates, the particle stabilizer controls the deposition. The lipid composition in turn 
determines the consequences of the deposition in terms of layer structures and 
composition. 

COLL 131 

Switchable coatings assembled from functional colloids 

Sergiy Minko, sminko@clarkson.edu.Department of Chemistry and Biomolecular 
Science, Clarkson University, Potsdam, NY 13699, United States 

Switchable and reconfigurable coatings made of colloidal particles are discussed in the 
talk. Combinations of responsive properties of the particle inorganic core and functional 
polymeric shell are used to control particle deposition and structure of the assembled 
coatings. Interplay between particle-particle interactions and the forces exerted by 
external fields are explored for a precise positioning of the particles and generation of 
nanostructured coatings. The assembled coatings are discussed in terms of 
applications related to tuning and switching of wetting, adhesion, biological activity, and 
optical properties. 

COLL 132 

Droplet impact onto 3D hierarchical surfaces 

Jas Pal S Badyal, j.p.badyal@durham.ac.uk, Colin D Bain, Philip S Brown, Emma L 
Talbot, Thomas J Wood, Hayley G Andrews, Alex Eccles, Wayne C E 
Schofield.Department of Chemistry, Durham University, Durham, United Kingdom 

Droplet impact upon solid surfaces is a widespread phenomenon and has been 
investigated for over a century. Important technological applications include: rapid 
cooling, delayed freezing, crop spraying, inkjet printing, and fog harvesting. For 



topographically complex surfaces, the impacting droplet can either penetrate into the 
surface fine structure, or become suspended on the asperities creating air pockets 
underneath giving a composite solid-air interface. These are respectively the Wenzel 
and Cassie-Baxter states. The impact and wetting of water droplets onto fabricated and 
naturally occurring three-dimensional hierarchical surfaces has been investigated.  

Hierarchical superhydrophobic surfaces have been prepared by solvent casting 
polybutadiene films under controlled humidity to create two-dimensional hexagonally 
ordered honeycomb surfaces (10 micron scale) followed by CF4 plasmachemical 
fluorination to introduce roughness on the micron and nano length scales. This yields 
sessile drop water contact angle values exceeding 170°, with negligible contact angle 
hysteresis. High-speed imaging shows that variation of surface topography length 
scales can be employed to control the dynamics of droplet impact. 

In the case of naturally occurring three-dimensional hierarchical structures, the Cotula 
fallax plant is an example whose hierarchical length scales comprise stems, leaves, and 
fine hairs. Of particular note is that during fog episodes, water is retained throughout the 
entirety of the plant including the foliage (rather than accumulating in localised regions). 
Water droplets attach and grow on individual plant hairs. The overall 'mat-like' 
hydrophobic hair structure supports the growing water droplets during continued fog 
exposure (akin to the Cassie-Baxter state), until eventually the hairs become wrapped 
around large water droplets to effectively secure the water droplets via their nanoscale 
grooves (thus preventing the captured water droplets from falling towards the ground). 
This previously unreported water collection mechanism offers a promising new 
approach for fog harvesting in arid and semi-arid regions of the world to provide drinking 
water. 

COLL 133 

Deposition of benefit agents on skin from emulsion cleansers 

Jose Martinez Santiago, jm3079@columbia.edu, Ponisseril 
Somasundaran.Department of Earth and Engineering Department, Columbia University, 
New York, NY 10027, United States 

Understanding the interactions among certain components in a personal care cleansing 
formulation is useful to improve the delivery of benefit agents to skin, hair or other bio-
surfaces. Some wash-off products use ingredients such as oils, petrolatum and 
glycerides at levels of 50% by weight or more so they can be deposited at high levels 
during use. Polymers are often used as deposition aids in such systems to deposit oil 
droplets. The effectiveness of the polymer, however, depends on the nature of its 
interaction with the surfactant, in some cases aiding the deposition and in others 
reducing the deposition. 

The mechanisms of interaction among polymers and surfactants have been studied for 
many decades; mostly with optically clear oil-free systems. In opaque emulsion 



cleansers, oil deposition is normally achieved through the formation of ideal size 
distribution flocs upon the dilution of the cleanser (rinsing stage); flocs similar in size to 
pores and friction ridges found on skin are preferred for oil deposition. The state of oil 
droplets in the formulation and the dynamics of its changes upon dilution has not been 
investigated in the past. 

Predicting floc size distribution in cleanser emulsion systems is difficult; the process is 
affected by many factors such as the presence of co-surfactants, structurants, pH 
buffers, system pH and multivalent ion concentration changes. The objective of this 
study is to better understand and predict flocculation and deposition in systems 
containing surfactant, polymers and oils. The effect of common ingredients in the 
cleanser will be studied. Importantly, we are interested in the dynamics and structure of 
the complexes formed and the mechanisms involved. 

Surface tension, turbidity, creaming kinetics, Zeta potential and FTIR are some of the 
techniques used to study the interaction of polymer, surfactant and other common 
ingredient and their impact on flocculation. 

COLL 134 

Characterization of cationic polyelectrolytes adsorption to an anionic emulsion 
via zeta-potential and microcalorimetry 

Dongcui Li1, dongcui@udel.edu, Norman J Wagner1, Beth A Schubert2.  (1) 
Department of Chemical & Biomolecular Engineering, University of Delaware, Newark, 
Delaware 19716, United States  (2) Deparment of Research & Development, The 
Procter & Gamble Company, Cincinnati, Ohio 45224, United States 

Mixtures of cationic polyelectrolytes (PEs), anionic surfactants, and emulsified, 
functional oils (e.g. silicone emulsion) are commonly used in the consumer products 
and health care industries. Such compositions are used to provide a more desirable 
consumer benefit by depositing the hydrophobic oils on surfaces of interest, such as 
hair, skin or fabric. Effective deposition of the functional oils relies on obtaining the 
correct balance of interactions between the PE, anionic surfactant and the oil. The 
ability to effectively formulate such mixtures is currently hindered by the lack of theory 
capable of predicting these multicomponent interactions, as well as a rapid method for 
quantifying the strength of interactions that govern these self−assembled systems. We 
address the second issue here, where the goal of this work is to study the adsorption of 
cationic PEs onto anionic silicone emulsion droplets, suspended in a sodium chloride 
(NaCl) solution. [1] These model systems are studied via electrophoretic mobility 
measurements and isothermal titration calorimetry to better understand the interactions 
governing PE adsorption−induced emulsion flocculation, which is relevant to many 
industrial applications. Electrophoretic mobility measurements provide critical 
information for rationalizing the effect of the PE charge density on the loss of stability of 
emulsions. The interaction strength is calculated from a Langmuir adsorption isotherm 
determined by a zeta−potential titration measurement. Microcalorimetry measurements 



independently validate the adsorption free energy. The results provide guidance for a 
more effective product formulation of PE-surfactant intended for functional material 
delivery. 

[1] Li, D.; Schubert, B.A.; Wagner, N.J., Characterization of Cationic Polyelectrolytes 
Adsorption to An Anionic Silicone Emulsion via Zeta-potential and Microcalorimetry, 
Journal of Surfactants and Detergents, submitted in March 2013. 
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Multifunctional nanoparticles for bioimaging and therapeutic applications 

Shouheng Sun, ssun@brown.edu.Department of Chemistry, Brown University, 
Providence, RI 02912, United States 

I will summarize our recent efforts in the synthesis and functionalization of 
monodisperse composite nanoparticles with controlled magnetic and optical properties 
for biological imaging and therapeutic applications. We have developed various 
monodisperse magnetic nanoparticles of iron oxide MFe2O4 (M = Fe, Co, Mn), 
core/shell structured M/Fe3O4 (M = Co, Fe), alloy FeM (M = Pt, Au) and dumbbell-like 
Au-Fe3O4 with tunable sizes and magnetic/optical properties. The particles coated with 
polyethylene glycol and selected peptide, antibody and anticancer agents are stable in 
physiological conditions. They are able to target specific cancer cells with therapeutic 
agents being released in a pH controlled manner. These nanoparticles have great 
potentials for imaging guided therapeutic applications. 

COLL 136 

Cornell dots: Low size dispersity silica nanoparticles for bioimaging applications 

Ulrich Wiesner, ubw1@cornell.edu.Materials Science and Engineering, Cornell 
University, Ithaca, New York 14853-1501, United States 

This talk will introduce fluorescent silica nanoparticles (Cornell dots or simply C dots) as 
promising labels, photon sources and sensors for a range of bioimaging applications. 
Emphasis will be on the discussion of synthesis pathways towards ultrasmall (< 10 
diameter) particles with narrow particle size distributions. Such small particles show 
efficient renal clearance through the kidneys and thus open the door to applications in 
biomedical imaging. Besides conventional fluorescent core-shell silica nanoparticles (C 
dots) the talk will describe the synthesis of <10 nm fluorescent silica nanoparticles with 
a single pore (mesoporous C dots or simply mC dots). Since such mC dots are 
expected to preserve the renal clearance characteristics of conventional C dots, such 
particles are promising candidates for theranostic applications, i.e. applications 
combining diagnostics and therapeutics. Besides synthesis and characterization 
aspects the talk will comprise discussion of first results of human trials of C dots with 
investigational new drug (IND) FDA approval. 



COLL 137 

Delafossite nanocrystals for solar cells and catalysis 

Mingzhe Yu, Thomas Draskovic, Yiying Wu, wu@chemistry.ohio-state.edu.Department 
of Chemistry and Biochemistry, The Ohio State University, Columbus, Ohio 43210, 
United States 

A major challenge in developing efficient p-type dye-sensitized solar cells (p-DSCs) is 
the lack of p-type wide-bandgap semiconductors with good transparency and high hole 
mobility. In this presentation, I will discuss our recent progress in Cu(I)-based p-type 
delafossite semiconductors, including the basic chemistry and crystallization process in 
the hydrothermal synthesis of these delafossite nanocrystals, the investigation of their 
band energies, and the measurements of the charge carrier dynamics at the 
semiconductor/dye/electrolyte interface. The results will be valuableo for other 
applications such as transparent electronics, organic photovoltaics and 
photoelectrochemical cells for solar fuels. These Cu(I)-delafossites' catalytical 
properties will also be discussed. 

COLL 138 

Flower-like iron oxide nanoparticles grown in polyphenylenepyridyl 
dendron/dendrimer solutions 

Bethany Boris1, Frank Prather1, David Gene Morgan1, Nina V Kuchkina2, Ekaterina Yu 
Yuzik-Klimova2, Svetlana A. Sorokina2, Dmitri I. Svergun3, Peter V. Konarev3, 
Alessandro Spilotros3, Athanasia Kostopoulou4, Alexandros Lappas4, Zinaida B. 
Shifrina2, Lyudmila M Bronstein1,5, lybronst@indiana.edu.  (1) Department of 
Chemistry, Indiana University, Bloomington, IN 47405, United States  (2) 
A.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of 
Sciences, Moscow, Russian Federation  (3) EMBL, Hamburg Outstation, Hamburg, 
Germany  (4) Institute of Electronic Structure and Laser, Foundation for Research and 
Technology - Hellas (FORTH), Heraklion, Crete, Greece  (5) Department of Physics, 
King Abdulaziz University, Faculty of Science, Jeddah, Saudi Arabia 

Single crystal flower-like magnetite nanoparticles (NPs) were formed by thermal 
decomposition of iron acetylacetonate in the presence of polyphenylenepyridyl 
dendrons and dendrimers at 290 C. The size of the flower-like NPs varies in the 
range12-31 nm depending on the dendron/dendrimer structure and concentration. The 
21 nm flower-like NPs demonstrate unusual magnetic properties with a blocking 
temperature of 300 K, revealing ferromagnetism at room temperature. Such unusual NP 
morphology is attributed to self-assembling of dendrons and dendrimers in solution 
which was studied using small angle X-ray scattering. The degree of self-assembling is 
dependent on the dendron/dendrimer structure and concentration. The financial support 
of this work was provided in part by funding from the European Community's Seventh 
Framework Programme [FP7/2007-2013] under grant agreement no. CP-IP 246095 and 



the Deanship of Scientific Research (DSR), King Abdulaziz University, Jeddah, under 
grant no.(GR-33-7). 

COLL 139 

Smart fluorescent core/shell nanoparticles 

Halima Alem1, halima.alem@univ-lorraine.fr, Thibault Roques-Carmes2, Raphaël 
Schneider2.  (1) Department N2EV, Institut Jean Lamour (IJL), UMR CNRS 7198, 
Université de Lorraine, Nancy, France  (2) ENSIC, Laboratoire Reaction et Genie des 
Procédés (LRGP), UMR CNRS 7274, Université de Lorraine, Nancy, France 

In this work, we have developed the coating of ZnO semiconductor nanoparticles (NPs) 
(quantum dots, QDs) by responsive polymer by performing the growing by controlled 
polymerization (ARGET-ATRP) of poly(N-isopropyl acrylamide) (PNIPAM) from the QDs 
surfaces. Each step of the synthesis process was monitored by FT-IR, UV-vis, and 
fluorescence spectroscopies, dynamic light scattering (DLS) and by high resolution 
transmission electron microscopy experiments. The influence of the polymerization time 
on the final photophysical properties of the nanomaterials was enlightened and could be 
attributed to the thickness the polymer shell. The responsive behavior of the 
ZnO/polymer nanohybrids was studied by DLS. Results obtained showed that below 
32°C the core/shell nanoparticles were perfectly dispersible in water, while above that 
temperature they started to agglomerate. This phenomenon is related to the collapse of 
the polymer brushes at the surface of the QDs, and lead to hydrophobic surfaces which 
prevent their dispersion in water. 

COLL 140 

Gold coated iron oxide nanoparticles as cores for virus-like particles 

Andrey G Malyutin1, agmalyut@indiana.edu, Rosemary Easterday1, Olivia R Sanchez-
Felix1, Yaroslav B Losovyj2, Alessandro Spilotros2, Dmitri I Svergun2, Bogdan Dragnea1, 
Lyudmila M Bronstein1,3.  (1) Department of Chemistry, Indiana University, Bloomington, 
Indiana 47405, United States  (2) Hamburg Outstation, EMBL, Hamburg, Germany  (3) 
Department of Physics, King Abdulaziz University, Jeddah, Saudi Arabia  (4) 
Foundation for Research and Technology - Hellas, Heraklion, Crete, Greece 

Superparamagnetic iron oxide nanoparticles (NPs) have attracted significant attention 
because of their exceptional magnetic properties, low toxicity, and possible narrow size 
distribution. These qualities make them excellent candidates for therapeutic 
applications. A number of strategies have been developed to make these materials 
biocompatible including formation of virus-like nanoparticles (VNPs) with brome mosaic 
virus (BMV) proteins. Such VNPs have been made by our group utilizing 18-26nm iron 
oxide NPs cores coated with PEGylated phospholipids or alternating copolymers. This 
resulted in particles significantly exceeding the inner cavity of a native virion, not 
allowing the BMV shell ordering. A better strategy would be to coat 10-12nm iron oxide 



NPs with gold to take an advantage of gold-thiol interaction. Here we will discuss 
formation of VNPs based on iron oxide NPs coated with a thin gold layer and 
functionalized with PEG thiols. TEM, DLS, and SAXS were used to characterize free 
and encapsidated NPs. 

COLL 141 

Functionalized mesoporous silica nanoparticles for applications in drug delivery 

Sarah C Larsen, sarah-larsen@uiowa.edu, Ashish Datt.Chemistry, University of Iowa, 
Iowa City, IA 52242, United States 

Mesoporous silica nanoparticles (MSNs) are emerging as important materials for 
biomedical applications such as drug delivery and imaging. The advantages of MSNs 
for biomedical applications include biocompatibility, low toxicity, large surface areas and 
the ability to control the physicochemical properties. In recent work, we have explored 
the loading and release of small model drugs, such as aspirin and 5-fluorouracil, from 
MSNs. The effect of functionalization with aminopropyltriethoxysilane (APTES) was 
investigated in order to develop a fundamental understanding of the interactions of the 
drug molecules with the mesoporous silica host and how these impact loading and 
release properties. Two modification methods, co-condensation and post-synthesis 
grafting, were evaluated and compared in terms of the effect on the loading and release 
of the model drug, aspirin. The MSNs were extensively characterized by powder X-ray 
diffraction (pXRD), thermogravimetric analysis (TGA), and nitrogen adsorption for 
surface area and pore volume measurements. The aspirin loaded materials were 
characterized spectroscopically using FTIR and NMR before and after aspirin loading. 
Molecular dynamics (MD) calculations were conducted to provide additional insight into 
the experimental results. 

COLL 142 

Elucidation of magnetic-plasmonic properties of FePt@AgAu core@shell 
nanoparticles for biomolecular probes 

Prerna Singh, redrose17@gmail.com, Trinh Thanh Thuy, Nguyen Thi Thu Trang, 
Derrick Mott, Shinya Maenosono.School of Matrials Science, Japan Advanced Institute 
of Science and Technology, Nomi, ishikawa 923-1292, Japan 

As nanotechnology has evolved, progressively more complex nanoparticle (NP) 
systems have been developed. There are many efforts focusing on so-called 
heterostructured NPs, which typically have complex, multi-component structures. 
Magnetic-plasmonic heterostructured NPs are a good example of this emerging class of 
particle because of the unique coupling of the individual material properties. Magnetic 
(especially superparamagnetic) NPs (i.e. iron oxide) show many advantages in 
bioapplications, for example in protein separation, drug delivery or MRI imaging. On the 
other hand, plasmonic (especially Au and Ag) NPs are ideal candidates for various 



sensing/imaging applications—including chemical/biological sensors, cellular imaging 
and DNA sequencing—because of their excellent localized surface plasmon resonance 
(LSPR) and surface enhanced Raman scattering (SERS) properties. By combining 
magnetic and plasmonic NPs in a single functional nano-heterostructure, the properties 
of both materials can be harnessed, leading to new applications in biotechnology 
including magnetic cell separation under plasmonic monitoring and MRI-plasmonic dual-
mode imaging. There are several reports on the synthesis of nanostructures containing 
iron oxide coupled with various plasmonic materials, however, the magnetic 
performance of iron oxides are relatively low when compared to other attractive 
magnetic materials such as FePt NPs. In response, we have developed FePt core NPs 
with tunable magnetic properties and coated these NPs in various plasmonic metals 
(Au, Ag and Au-Ag alloy). These NPs display robust magnetic properties (especially the 
saturation magnetization) as well as strong plasmonic activity (surface plasmon 
resonance). This presentation will discuss our recent findings detailing the synthesis 
and characterization of these FePt@Plasmonic NPs for advanced biotechnology 
applications. The core@shell NPs were characterized using a wide range of analytical 
methods including TEM, UV-Vis, XRD, EDS and SQUID. Then, the SERS activity and 
chemical stability of the different core@shell nanostructures were compared amongst 
each other. 

COLL 143 

Synergistic effects of cisplatin and photothermally active gold nanorods on 
ovarian cancer cells 

Jonathan G. Mehtala1, jmehtala@purdue.edu, Sandra Torregrosa-Allen2, Bennett D. 
Elzey2, Mansik Jeon3, Chulhong Kim3, Alexander Wei1.  (1) Department of Chemistry, 
Purdue University, West Lafayette, Indiana 47905, United States  (2) Molecular 
Discovery and Evaluation Shared Resource, Purdue University, West Lafayette, Indiana 
47905, United States  (3) Department of Biomedical Engineering, University at Buffalo 
SUNY, Buffalo, New York 14260, United States 

Mild hyperthermia (MHT) combined with radiation or chemotherapy can produce an 
enhanced therapeutic effect when compared to each treatment alone. However, MHT 
has not been widely applied in clinical cancer treatments due to practical issues of 
safely versus efficacy, and the selective heating of tumor tissue. The latter issue can be 
addressed by using photothermally active gold nanorods (GNRs) and NIR laser heating 
for MHT. We have investigated the synergistic effects of GNR-mediated MHT and 
cisplatin on SKOV3, an ovarian cancer cell line. SKOV3 cells treated with cisplatin (5 
μM), PEG-coated GNRs, and NIR irradiation for mild hyperthermia (T = 41–43 oC) 
exhibited higher levels of cytotoxicity relative to individual monotherapies, as 
determined by cell viability (MTT assay) and by flow cytometry using biomarkers for 
apoptosis (Annexin-V). Synergistic effects were estimated to be 30–50% higher than the 
projected additive effect. In vivo experiments were also performed using nude Balb/C 
mice bearing tumor xenografts grown from implanted SKOV3 cells. GNRs were 
administered by tail-vein injection, 24 hours prior to laser irradiation and intratumoral 



administration of cisplatin. Tumors were heated to 45 oC for 10 min, then monitored for 
28 days post-treatment. Those treated with a combination of GNR, laser heating, and 
cisplatin exhibited significantly lower growth rates relative to controls. The GNR 
distribution in tumor tissue sections was imaged ex vivo by IR thermography and 
photoacoustic (PAT) imaging, with a strong correlation in photothermal mapping. 

COLL 144 

Metal nanoparticles as better protein-aggregation prevention agents than 
chaperones 

Puspendu K Das1, pkdas@ipc.iisc.ernet.in, Anindita Das1, Abhijit Chakrabarti2.  (1) 
Department of Inorganic and Physical Chemistry, Indian Institute of Science, Bangalore, 
Karnataka 560012, India  (2) Biophysics Division and Structural Genomics Section, 
Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata, West Bengal 700064, 
India 

Prevention or suppression of protein aggregation is of great importance in the context of 
protein storage, transportation and delivery. Traditionally chaperones or other 
chemically active agents are used to stop or diffuse native protein aggregation. We 
have used gold nanoparticles to prevent thermal aggregation of alcohol dehydrogenase 
(ADH), a protein that maintains the alcohol level in the liver and stomach. A light-
scattering assay has been used to investigate the effect of gold nanoparticles on 
thermal aggregation of ADH and the result of our study has been summarized in Fig. 1. 
The scattered light intensity from the solution containing ADH decreases when 45 nm 
gold nanoparticles are added prior to heating (thermal denaturation) the solution, which 
indicates prevention of aggregation. The aggregation of the protein is suppressed to the 
extent of 96% with picomolar concentration of 45 nm gold nanoparticles while 
micromolar amounts of other proteins and biological substances are necessary to 
achieve the same effect. The extent varies with the size and the concentration of the 
gold NPs for the same protein concentration.  

 
 



Fig.1Scattering intensity at 360 nm from ADH in the absence and presence of different 
concentrations of 45 nm gold nanoparticles in 10 mM pH = 7 phosphate buffer at 500C. 

A similar effect for the prevention of aggregation of insulin by gold nanoparticles is also 
seen. Some of these results will be presented in the talk. 

COLL 145 

Periodically sequenced peptides: A new tool for nanoscale materials synthesis 

Raymond Tu, tu@ccny.cuny.edu, Lorraine Leon, Ru Chen.Chemical Engineering, The 
City College of New York, New York, NY 10031, United States 

Periodically sequenced peptides can be confined to interfaces and assembled into 
patterns that present chemical functionalities with exceptional spatial precision. The role 
of dynamics during the assembly of these peptides appears to be very important for 
inorganic nucleation and growth. Our work applies periodically sequenced sheet-
forming peptides at interfaces to explore the fundamental dynamics of assembly. The 
peptide molecules are rationally designed to have amphiphilic properties and a 
propensity for sheet-like secondary structure. 

 
 
 
These designed peptides are deposited at the air-water interface to explore the 
dynamics of self-assembly and investigate their 2D order. Thermodynamic analysis of 
structure formation with increasing pressure allows us to understand the nature of self-
assembly with iterative changes in the peptide sequence. This model system allows us 
to explore our underlying hypothesis that the time scale of the confined peptide phase-



transitions defines the length-scale of the crystalline phase. This is in contrast to a 
system that starts with a well-ordered preformed template that defines the inorganic 
phase. We have shown that our model peptides can effectively be used to control the 
polycrystallinity in gold by controlling the surface pressure and diffusive time scales at 
the interface. 

COLL 146 

Photoisomerization of chromophore-functionalized nanoparticles 

Robert A Rogers, Jake Stanley, Nicholas Douglas, William J Brittain, 
wb20@txstate.edu.Department of Chemistry & Biochemistry, Texas State University - 
San Marcos, San Marcos, TX 78666, United States 

Photochromic molecules have been widely used as sensors in hybrid materials to 
provide dynamic information about the microenvironment. Photoisomerization can also 
be used to change the assembly of nanoparticles. We have studied the influence of a 
covalently tethered silica nanoparticle on the photoisomerization rate of two ubiquitous 
chromophore systems – nitrospiropyran and azobenzene. Formation of the 
chromophore-nanoparticle hybrid was performed using click chemistry. We have 
studied two tether-lengths for the chromophore-nanoparticle linkage. Fluorinated 
derivatives of the azobenzene system have been studied where the photoinduced 
isomerization of both isomers is possible in the visible region. Mechanistic insight into 
spiropyran photoisomerization was obtained by the synthesis and photoactivity of 
tetrahydrochromeno[2,3-b]indole. This new chromophore reacts readily with cyanide 
with a colormetric change. A more extensive description of this chromophore's reactivity 
will be presented. 

COLL 147 

Multiscale modeling of strain effect on core-shell nanoparticles for oxygen 
reduction reaction 

Xu Zhang, Gang Lu, ganglu@csun.edu.Department of Physics, California State 
University Northridge, Northridge, CA 91330, United States 

We have developed a multiscale Quantum Mechanics/Molecular Mechanics (QM/MM) 
method to study strain effect on oxygen reduction reaction (ORR) based on Cu-Pt core-
shell nanoparticles. The multiscale method allows us to examine particle sizes ranging 
from 3 nm to 8 nm, far beyond the present capability of QM simulations. We have 
determined the oxygen adsorption energy - the well-established descriptor for ORR 
activity - as a function of nanoparticle size and thickness of Pt shell. We find that the Pt-
Cu core-shell nanoparticles have higher ORR activities than the flat Pt (111) surface, 
consistent with experiments. We predict that the optimal size of the nanoparticle should 
exceed 7 nm in order to reach the volcano peak of ORR activity. By examining the 
effects of “ligand”, strain and quantum confinement, we conclude that the enhanced 



ORR activity of the core-shell particles is entirely due to the strain on the Pt shell. The 
correlations between the oxygen adsorption energy, strain and d-band center shift are 
established, from which a simple computational strategy can be envisaged to quickly 
screen and/or guide the design of core-shell particles for superior ORR performance. 
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Multifunctional therapeutic magnetic core-gold shell nanoplatform for targeted 
cancer theranostics 

Paresh Ray, paresh.c.ray@jsums.edu.Chemistry, Jackson State University, Jackson, 
MS 39217, United States 

Cancer presents one of the greatest challenges to the public health care for several 
decades. To tackle the challenges, combination of therapy and diagnostics in a single 
treatment is envisioned. Here we will discuss our recent report on the development of 
methylene blue (MB) bound multfunctional therapeutic magnetic core-plasmonic shell 
nanoplatforms, which are capable to simultaneously deliver diagnostic and multimodal 
therapeutic functions, enabling detection and combined treatment of cancer in a single 
procedure. 

COLL 150 

Experimental determination of nanoparticle size dependence on nanometal 
energy transfer 

Christopher J Breshike, cbreshike@chem.fsu.edu, Ryan Riskowski, Geoffrey F 
Strouse.Department of Chemistry and Biochemistry, Florida State University, 
Tallahassee, Florida 32306, United States 

Energy transfer has been an important tool structural biology for some time. Primarily 
Förster Resonance Energy Transfer has been utilized in the past but is limited to about 
80 angstroms. In order to extend this tool metal nanoparticles have been making their 
way into the fray. Unfortunately, until now, the size dependence of the metal 
nanoparticles as acceptors has not been well understood. This work proposes a 
working, predictive model for the size dependence of gold nanoparticles (AuNP) on the 
energy transfer from a fluorophore. AuNPs are coated with dye labeled DNA strands 
and the quenching is monitored over a range of sizes. The quenching follows a d4 
behavior and the size dependence tracks the extinction of the AuNPs. 

COLL 151 



Theoretical modeling of nanoparticle size dependence on nanometal energy 
transfer 

Ryan A Riskowski, rriskowski@gmail.com, Chris Breshike, Geoffrey F 
Strouse.Chemistry, Florida State University, Tallahassee, Florida 32306, United States 

Fluorescence quenching in the proximity of noble metal nanoparticles has found 
extensive use in environmental and biological sensing over the past decade. However a 
complete and predictive model of quenching that is valid across nanoparticle sizes and 
fluorophore wavelengths remains elusive. We present a theoretical model that can 
predict the rates of quenching near the surface of spherical noble metal nanoparticles 
as a function of particle size and fluorophore wavelength. 
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Multifunctional metal-organic-framework nanoparticles drug delivery 

Chia-Kuang Tsung, frank.tsung@bc.edu.Chemistry, Boston College, Chestnut Hill, MA 
02467, United States 

Our group has been focused on developing synthetic methods for generating 
multifunctional nano-MOF particles for biomedical applications. Recently, we have 
developed a unique colloidal chemistry method for synthesizing nano-MOF particles 
with multifunction. The multifunction was achieved by encapsulating organic molecules 
and inorganic nanoparticles in the frameworks. The size of the spherical nano-MOF 
particles is around 70 nm and the framework is ordered even with the encapsulation. 
The detailed encapsulation mechanism was studied by using a model organic dye 
molecule, fluorescein. The study shows that the fluorescein molecules are enclosed in 
the nano-MOF particles and the amount could be linearly tuned by simply introducing 
different amount of dye molecules during the synthesis. To examine the potential of 
biomedical applications, we incubated the nano-MOF particles with MCF-7 cancer cell 
lines. The MTT assay data showed that the materials is non-toxic under low 
concentration and the confocal microscopy results provide a clear evidence of cellular 
uptake. 
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Light-induced release of a surface grafted ruthenium(II) complex from 
mesoporous silica nanoparticles 

Marco Frasconi, m-frasconi@northwestern.edu, Zhichang Liu, Juying Lei, Yilei Wu, 
Jean-Pierre Sauvage, Fraser J Stoddart.Department of Chemistry, Northwestern 
University, Evanston, IL 60208, United States 

Ruthenium(II) polypyridyl complexes have emerged both as promising probes of DNA 
structure and as anticancer agents because of their unique photophysical and cytotoxic 



properties. A key consideration in the administration of these therapeutic agents is the 
optimisation of their chemical reactivates to allow facile attack on the target sites, while 
avoiding unwanted side effects. We have recently developed a drug delivery platform 
technology by grafting the surface of mesoporous silica nanoparticles (MSNPs) with 
ruthenium dipyridophenazine (dppz) complexes. This hybrid nanomaterial displays 
enhanced luminescent properties relative to that of the ruthenium(II) dppz complex in a 
homogenous phase. Since the coordination bands between the ruthenium complex and 
a monodentate ligand linked covalently to the nanoparticles can be cleaved under 
irradiation with visible light, the ruthenium complex can be released from the surface of 
the nanoparticles by selective substitution of the monodentate ligand with a water 
molecule. Indeed, the modified MSNPs undergo rapid cellular uptake and, after 
activation with light, the release of an aqueous ruthenium(II) complex is observed. As 
proof of concept, we have developed mechanised nanoparticles for the release of 
cytotoxic cargos from the MSNPs pores, capped with the ruthenium(II) complexes, and 
demonstrated light-activated drug release and enhanced cytotoxicity against breast 
cancer cells. 
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Molecular Pumps that drives a system away from equilibrium 

Chuyang Cheng1, chengcy@u.northwestern.edu, Hao Li1, Weiguang Liu2, Paul R 
McGonigal1, Nicolaas Vermeulen1, Marco Frasconi1, Chenfeng Ke1, William A 
Goddard2, J Fraser Stoddart1.  (1) Department of Chemistry, Northwestern University, 
Evanston, IL 60208, United States  (2) Materials and Process Simulation Center, 
California Institute of Technology, Pasadena, CA 91125, United States 

A pressing goal for contemporary science is to build artificial molecular systems that can 
perform useful work. Here we report a 'molecular pump' system that processes 
chemical energy (redox) to drive a macrocycle away from equilibrium, from a low energy 



to a high energy state. A series of molecular rods were synthesized containing 3,5-
dimethylpyridinium (Py +) and 4,4′-bipyridinium (BIPY 2+) units connected to a bulky 
steric stopper by chains of different lengths. 

 
 
 
Cyclobis(paraquat-p-phenylene) (CBPQT 4+) is repelled by the Py + and BIPY 2+ initially; 
however, upon reduction with activated zinc dust, Coulombic repulsion between Py + 
and CBPQT 2(+•) dramatically decreases and a thermodynamically stable trisradical 
complex BIPY +•Ì CBPQT 2(+•) is formed within seconds. Tris(4-bromophenyl)aminium 
hexachloridoantimonate (Magic Blue) was used to oxidize the radical cation rapidly to 
the fully oxidized state. The electrostatic Py + barrier is recovered, causing the CBPQT 
4+ ring to shuttle on to the glycol/alkyl chain, for which it has little affinity. Dethreading 
from this high energy, meta-stable [2]rotaxane state occurs slowly due to Coulombic 
repulsion between CBPQT 4+ and Py +/BIPY 2+. Experimental results and DFT 
calculations show that the molecular pump can raise the potential energy of CBPQT 4+ 
up to 13 kcal/mol with an efficiency up to 8%. 
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Supramolecular assembly of metal organic nanotubes with unique water 
transport properties. 

Tori Z Forbes, tori-forbes@uiowa.edu, Daniel K Unruh.Department of Chemistry, 
University of Iowa, Iowa City, IA 52242, United States 

Nanotubular materials are highly desirable due to their enhanced porosity and unique 
properties, but the targeted design of novel nanotubes with controlled chemical and 
physical characteristics remains challenging. Single-walled carbon nanotubes are the 
current gold standard, as they are highly versatile and possess fascinating properties, 
including ordered water and fast transport through nanotubes with small (0.8 - 2 nm) 
internal diameters. In recent years, metal-organic nanotubes (MONs) have gained 
interest as they offer the possibility of targeted structural engineering and tunable 



properties based upon the hybrid nature of the material. The Forbes research group has 
recently synthesized and structurally characterized a unique U(VI) MON through a 
supramolecular approach that displays permanent porosity and thermal stability. This 
compound contains ordered water that structurally resembles ice (Ih) and exhibits low-
temperature, reversible water adsorption that can be tuned by solvent polarity. This 
presentation will focus on the supramolecular assembly of the nanotubes and the 
structural components that control water mobility throughout the nanotubes. 

 

 
 

Figure 1. Water molecules are arranged in an ice-like structure within the UMON. 
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Exploring the wettability of surface-attached photoactive molecular motors 
containing hydrophilic and hydrophobic functional groups 

Kuang-Yen Chen1,2, k.chen@rug.nl, Gabor London2, Gregory T Carroll2, Ben L 
Feringa2.  (1) Zernike Institute for Advanced Materials, University of Groningen, 
Groningen, The Netherlands  (2) Stratingh Institute for Chemistry, University of 
Groningen, Groningen, The Netherlands 

We report the synthesis of altitudinal molecular motors containing functional groups in 
their rotor part. In an approach to achieve dynamic control over the properties of solid 
surfaces a hydrophobic perfluorobutyl chain and a relatively hydrophilic cyano-group 
were introduced to the rotor part of the motors. Molecular motors were attached to 
quartz surfaces using interfacial 1,3-dipolar cycloadditions. To test the effect of the 
functional groups on the rotary motion, photochemical and thermal isomerization studies 
of the motors were performed both in solution and when attached to the surface. We 
found that the substituents have no significant effect on the thermal and photochemical 
processes and the functionalized motors preserved their rotary function both in solution 



and on a quartz surface. Preliminary results on the influence of the functional groups on 
surface wettability are also described.  
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Preliminary studies towards developing a calix[4]arene based bioinspired 
polyketide synthase nanomachine - biology on a basket 

Sean P Bew, s.bew@uea.ac.uk, G. Richard Stephenson, Luis martinez 
Lozano.Department of Chemistry, University of East Anglia, Norwich, Norfolk NR4 7TJ, 
United Kingdom 

The development of 'nanomachines' that execute complex functions, once a mainstay of 
science fiction, is now becoming a reality. Creating artificial biomachines has been 
recognised as an important scientific endeavour with recent intense research effort 
propelling the development of bioinspired nanomachines to the fore of science and 
technology with potential applications in the diagnosis/treatment of disease and the 
development of artificial photosynthesis motifs. 

Biology has evolved an array of amazing, highly complex 'biomachines' a perfect 
example being PKS. Amazing though the complex PKSase natural system is it is 
conceivable that it could be emulated or even bettered by synthetic alternatives. 
However as yet no artificial PKSase machine has ever been reported. 

Calix[4]arenes are an ideal scaffold for the first investigation of a bioinspired PKS 
machine because the opposite sides of the macrocycle flex, in unison, 'inwards' and 
'outwards', akin to 'breathing'. The 'inward' motion presents an opportunity to initiate an 
intramolecular reaction that brings the reactants close together allowing their unification, 
with the subsequent 'outward' motion opening the structure out allowing the 
replacement and appendage of a new substituent to approach and be 'picked up' from 



the surrounding solution. For this to be feasible the correct transannular spacing is 
required, this has been confirmed by a DFT calculation and we envisage installing a 
chain-length 'controller' and 'chain-cutter' on our “calixarene PKSase machine” will allow 
the PK precursors to extend and then “stop” in each case at a predetermined chain 
length. Our preliminary studies towards developing a calixarene based PKS biomachine 
will be the topic of this talk. 
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Stimulus-responsive DNA nanostructures for delivery applications 

Jung-Won Keum1, Harry Bermudez2, bermudez@polysci.umass.edu.  (1) Department 
of Chemical Engineering, University of Massachusetts, Amherst, MA 01003, United 
States  (2) Department of Polymer Science and Engineering, University of 
Massachusetts, Amherst, MA 01003, United States 

The ability of DNA to form predictable nanostructures through sequence-directed 
hybridization has allowed the design of complex supramolecular materials. Such 
nanomaterials can organize functional proteins and bioactive molecules in well-
designed patterns and are therefore of great interest to biosensing and the delivery of 
therapeutics.  

To date, mechanical actuation or switching of DNA nanostructures has been largely 
achieved through the addition of thermodynamically more favorable DNA partners and 
resulting rearrangement of DNA strands. However, such approaches require the 
addition of new DNA strands and generate waste DNA with each cycle, neither of which 
are suitable for therapeutic delivery strategies.  

Non-canonical Watson–Crick base pairing provides an in situ approach for actuation 
through sensitivity to solution conditions. We demonstrate this concept with DNA 
pyramids containing i-motifs along one face and show that i-motifs can regulate pyramid 
assembly/disassembly and control the release of protein cargo. Importantly, 
disassembly is triggered with physiologically-relevant acidification, another key criteria 
for drug and gene delivery vehicles. 
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Stimuli-responsive molecular motion in optically active metal complexes 

Hiroyuki Miyake, miyake@sci.osaka-cu.ac.jp.Department of Chemistry, Graduate 
School of Science, Osaka City University, Osaka/Sumiyoshi-ku, Japan 

Chiral molecular motion system is of continued interest due to potential application in 
nano-scaled dynamic molecular architecture. Metal complexes particularly offer a 
promising strategy for developing the structurally and functionally defined 
supramolecules due to their characteristic coordination geometry, redox activities and 



other unique properties [1]. We have demonstrated that kinetically labile Co(II) complex 
with a chiral tetradentate ligand exhibited dynamic helicity inversion from left-handed 
helical structure to right-handed one upon achiral nitrate anion [2]. We applied this 
helicity induction and inversion motion to regulate helical direction of peptide chains [3] 
and to elastic molecular motion [4]. I will describe the recent examples of chiral metal 
complexes exhibiting several molecular motions triggered by achiral external stimuli. 

Ref. H. Miyake et al. [1] Chem. Soc. Rev., 2012 , 41, 6977. [2] J. Am. Chem. Soc., 2004 
, 126, 6524. [3] J. Am. Chem. Soc., 2008 , 130, 792. [4] Chem. Eur. J., 2008 , 14, 5393. 
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Neurochemically gated activity of gyromagnetic nanostars 

Qingshan Wei1, Tung-Chun Lee2, Eric Appel2, Hyon-min Song1, Oren A. Scherman2, 
Alexander Wei1, alexwei@purdue.edu.  (1) Chemistry, Purdue Univ, West Lafayette, 
Indiana 47907-2084, United States  (2) Chemistry, Melville Laboratory for Polymer 
Synthesis, University of Cambridge, Cambridge, United Kingdom 

The gyromagnetic activity of gold nanostars (NSTs) with magnetic cores can be 
controlled by chemical signals, using a supramolecular approach. NSTs were 
functionalized with methyl viologen dication (MV2+), then tethered onto a naphthol (Np)-
coated surface using cucurbit[8]uril (CB[8]), a macrocyclic "handcuff" that forms a stable 
ternary inclusion complex with MV2+ and Np in water. Increasing the CB[8] 
concentration causes the NSTs to become fully immobilized, but treating the bound 
NSTs with neurotransmitters such as dopamine restores their ability to generate 
gyromagnetic signals. This chemionic system provides a unique example of synthetic 
neurotransmission, with potential applications in the design of chemically triggered 
nano-mechanical devices. 
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Molecular brake rotaxane systems composed of a dianthrylethane-based 
macrocycle as the ring component and a dumbbell shaped secondary ammonium 
as the axle component controlled by light and heat 

Keiji Hirose, hirose@chem.es.osaka-u.ac.jp.Department of Materials Engineering 
Science, Graduate School of Engineering Science, Osaka University, Division of 
Frontier Materials Science, Toyonaka, Osaka 560-8531, Japan 

There are idiosyncratic issues of research on molecular machines, which are not on 
miniaturizations of macroscopic machines, but specific for microscopic machines. One 
of the representative issues is a development of molecular brakes for Brownian motion, 
because machines at a molecular level are in perpetual Brownian motion even at an 
ambient temperature. In this presentation, efforts to achieve rationally designed 
molecular brake systems for rotaxane-specific motions that work reversibly and 



quantitatively in response to external stimuli. These molecular brake systems were 
constructed from a dumbbell shaped secondary ammonium axle and a ring component 
having a dianthrylethane-based photo and thermally reactive moiety. 
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From molecular switches to molecular motors 

J Fraser Stoddart, stoddart@northwestern.edu.Department of Chemistry, 
Northwestern University, Evanston, IL 60208-3113, United States 

The wonder of artificial molecular switches (AMSs) acting as nanomachines has 
inspired engineers as well as physicists and chemists. Despite the fact that progress 
has been made in the preparation of AMSs of increasing complexity, the goal of 
obtaining useful energy/work from these switches has eluded us for the most part. 
There have been some examples of molecules acting as primitive machines. These 
systems are rudimentary, however, and fall short of performing useful tasks on any 
length scale, be it on the nano-, micro-, or macroscopic level. In order to transform 
AMSs into artificial molecular machines (AMMs), we need to learn (1) how the 
coupling/uncoupling to the environment of AMSs can be achieved and (2) how these 
switches can be organized into hierarchical assemblies in order to perform work at 
different length scales. At the single molecule level, the focus should be on harnessing 
the ineluctable effects of thermal noise. The principle of microscopic reversibility, which 
prevents a system from doing work on the environment, needs to be circumvented. This 
goal can be achieved by either externally modulating the conditions (stochastic 
pumping) of a reaction or using a catalyst that can be switched back and forth between 
different states to drive a reaction away from equilibrium. At the macroscopic level, one 
of the challenges inherent in the building of machine-like assemblies lies in the ability to 
control the spatial ordering of switchable molecules in highly interactive and robust 
architectural domains in order to maximize the power generated as a result of 
synchronous switching of individual molecules. 

The lecture will trace the development of AMSs based on donor-acceptor bistable 
catenanes and rotaxanes in hybrid materials and speculate as to how AMMs might 
emerge in a similar manner from AMSs. See Chem. Soc. Rev. 2012 , 41, 19 and 4827. 
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High power and energy secondary batteries based on colloidally templated 
mesoscale current collectors 

Paul V Braun, pbraun@illinois.edu.Department of Materials Science and Engineering, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801, United States 

Rapid charge and discharge and high energy density are important characteristics for 
rechargeable battery technologies. There is always a trade-off between energy and 



power density due to ohmic and other losses that occur when a battery is cycled rapidly, 
however, by efficient design of the ion and electron transport pathways, we and others 
have shown it is possible to improve the power-energy relationship. We have found a 
particularly effective way to provide these pathways is to use a colloidal-based template 
to form a mesostructured 3D current collector. The electrochemically active material is 
then deposited on this current collector. The combination of a high surface area and 
short solid-sate diffusion lengths offers a number of unique opportunities for both high 
energy and high power chemistries. As examples, we have formed high power cells 
based on a lithiated manganese oxide cathode, and high energy cells based on a silicon 
anode. 
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Silicon-based anodes for the next generation of lithium-ion batteries 

Alevtina Smirnova, Alevtina.Smirnova@sdsmt.edu, Praveen Kolla, Matthew 
Schrandt.Chemistry and Applied Biological Sciences, South Dakota School of Mines 
and Technology, Rapid City, United States 

Silicon is well known as the best material for lithium-ion battery anodes. However, up to 
400% Si volume change during lithiation results in anode pulverization and loss of 
electrical contact. In terms of lithiation-delithiation kinetics, numerous studies indicated 
importance of formation/stoichiometry of the alloys, degree of lithiation vs. time, 
electrode potential, charge-discharge, etc. However, understanding the electrochemical 
kinetics consistent with materials properties is still in progress since during lithiation-
delithiation many of the processes are coupled. Thus, enhancement of the Li-ion anode 
performance can be achieved by introducing novel materials that meet the requirements 
for the anode transient behavior. 

The study is focused on improvement of slow charge-discharge kinetics of Si anode in 
comparison to carbon-based anodes with emphasis of interface electron transfer, 
electronic conductivity, and Li-ion transport. The results for the silica hollow 
microspheres and silica aerogels reduced to silicon by magnesium reduction and 
modified with resorcinol-formaldehyde polymeric precursor forming thin carbon coating 
will be discussed in regard to transient anode processes. The carbon and silicon 
porosity, Si content, conductivity, and the carbon film thickness will be adjusted by 
changing RF-SiO2 ratio, SiO2 sphere diameter and wall thickness, and Mg reduction 
conditions in Mg vapor phase. 

Characterization by HRTEM, XRD, Raman, and SEM will be described followed by the 
discussion of kinetic electrochemical studies. Charge/ discharge, capacity retention, 
differential capacity, Coulombic efficiency, and internal lithiation behavior of the Si 
phase will be compared for identification of coupled physicochemical processes on Si-
anodes. 
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Polysiloxane grafted with short oligo(oxyethylene) side chains/lithium perchlorate 
complexes and poly(vinylpyridine)/poly(ethylene oxide)/lithium perchorate 
blends: Electrolytes for high energy density batteries 

Ishrat Khan, ikhan@cau.edu, Biswajit Sannigrahi.Department of Chemistry, Clark 
Atlanta University, Atlanta, GA 30314, United States 

Lithium/air batteries have a much higher specific energy than most available primary 
and rechargeable batteries. However, to produce lithium/air batteries with energy 
density in the 1,000-2,000 Wh/kg range will require a polymer electrolyte with high ionic 
conductivity and stability over the course of thousands of cycles. Polysiloxane grafted 
with short oligooxyethylene units are among the most promising class of materials as 
electrolytes in lithium/air batteries. Two types of the siloxane based polymers are (a) 
Poly[ω-methoxyhepta(oxyethylene)ethoxy]methoxy-siloxane and (b) poly[ω-
methoxyoligo(oxyethylene)propyl] methyl-siloxane. The siloxane based electrolytes are 
relatively easy to synthesize and purify. For example, poly[ω-
methoxyhepta(oxyethylene)ethoxy]methoxy-siloxane was prepared by reacting a 20% 
THF solution of poly(hydrogenmethylsiloxane) with a 5-10% excess of 
methoxypolyehylene glycol (Mn = 350) at 60o C for 48 h using zinc octanoate as 
catalyst (0.002 M per mole of SiH). The siloxane polymer/lithium perchlorate complexes 
display ionic conductivity values of 10-4 S cm-1 at room temperatures and thus meet the 
ionic conductance necessary for lithium/air batteries. Furthermore, elastomeric blend 
systems of poly(ethylene oxide)/poly(2-or 4-vinylprydine)/LiClO4 are characterized by 
not only high ionic conductivities but also the conductivities stayed high over a wider 
lithium ion concentration range. These observations in the polyblends can be attributed 
to having more mobile lithium ions over the wider concentration range. The blend 
system is interesting in that it is able to control the aggregation of lithium ions in the 
system by dispersing the ions effectively in the polymer matrix. This dispersion is 
possible because the lithium ion simultaneously interacts with both the oxygen of the 
ethylene oxide and nitrogen of the vinylpyridine polymer. The interrelationship among 
the structure of the electrolytes (molecular structure, morphology including microphase 
and nanostructure), segmental motion of the polymer chains and nature of ion-
pairing/aggregates of the lithium ions necessary for the most appropriate electrolytes 
will be presented. 
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Continuum-scale modeling of lithium-air batteries 

Jing Liu, Charles W. Monroe, cwmonroe@umich.edu.Department of Chemical 
Engineering, University of Michigan, Ann Arbo, MI 48109, United States 

Simulations are developed to explore the first discharge of a lithium-air battery. 
Constructed on the basis of porous-electrode theory [1]. 



A main challenge confronted in lithium-air battery modeling is that insoluble discharge 
products deposit onto pore walls within the porous cathode, causing its microstructure 
to change during discharge [2]. Discharge-product growth shrinks (or even blocks) 
pores, decreases the surface area available for charge transfer, and leads to interfacial 
resistances to charge and material exchange. Our model takes into account these 
effects of discharge-product growth. The inclusion of pore-size and surface-to-volume 
variation with local charge state enables studies of morphology evolution within the 
porous cathode; treating the discharge-product phase explicitly within the model allows 
various transport mechanisms within the discharge product to be explored [3]. 

 

 
 

Fig. 1 presents typical model output, showing the evolving reaction distribution in the 
porous cathode. As time passes, the reaction zone moves toward one edge of the 
cathode, rather than being evenly distributed throughout. This indicates that only part of 
the cathode is in use, limiting its capacity. Our talk will discuss a variety of factors that 
limit cell capacity, and provide design criteria that ensure complete cathode utilization. 

[1] J. Newman and K. Thomas-Alyea, Electrochemical Systems, 3rd Ed., 2004, Wiley. 

[2] G. Girishkumar, et al., J. Phys. Chem. Lett. 1 (2010) 2193-2203 

[3] P. Albertus et al., J. Electrochem. Soc. 158 (2011) A343-A351 
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MPt nanowires as efficient catalysts for oxygen reduction reaction 

Shouheng Sun, ssun@brown.edu.Department of Chemistry, Brown University, 
Providence, RI 02912, United States 



Oxygen reduction reaction (ORR) is an important cathode reaction used in fuel cells and 
metal-air batteries for renewable energy applications. Platinum (Pt) has been studied 
extensively as an essential catalytic component to reduce undesired overpotentials 
observed in ORR. Previous experimental and computational investigations have 
revealed that once alloyed with first-row transition metals, Pt can show dramatic activity 
enhancement in ORR catalysis. Recent experiments further indicate that elongated Pt 
nanostructures are less subject to dissolution, Ostwald ripening and aggregation than 
the Pt NPs in acidic conditions and may be robust for catalyzing ORR with high activity 
and durability. 

Using thermal decomposition of metal pentacarbonyl and/or reduction of metal 
acetylacetonate in sodium oleate solution of 1-octadecene (ODE) and oleylamine 
(OAm), we have succeeded in preparing FePt, CoPt or FePtM (M = Cu, Ni) NWs with 
the desired alloy composition control. Electrochemical studies showed that these NWs 
were active catalysts for ORR. The specific and mass activities of the 2.5 nm wide FePt 
NWs reached 1.53 mA/cm2 and 844 mA/mg Pt at 0.9 V (vs. reversible hydrogen 
electrode, RHE) (0.2 mA/cm2 and 110 mA/mg Pt at 0.95 V) while those of the 
benchmark Pt catalyst valued at 0.32 mA/cm2 and 155 mA/mg Pt at 0.9 V (0.080 
mA/cm2 and 35 mA/mg Pt at 0.95 V). The NWs also demonstrated diameter dependent 
ORR catalysis, and the 6.3 nm wide FePt NWs showed an even higher specific activity 
of 3.9 mA cm-2 at 0.9 V and 0.46 mA cm-2 at 0.95 V. These NWs represent a new class 
of robust catalyst for ORR and may be more applicable in practical fuel cell and other 
related energy devices. 
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Nanoarchitecture electrodes for Li- and Na-ion batteries 

Christopher Johnson1, cjohnson@anl.gov, Hui Xiong2, Sanja Tepavcevic2, Michael 
Slater1, Bonil Koo2, Elena Shevchenko2, Tijana Rajh2.  (1) Chemical Sciences and 
Engineering Division, Argonne National Laboratory, Lemont, IL 60439, United 
States  (2) Center for Nanoscale Materials, Argonne National Laboratory, Lemont, IL 
60439, United States 

Materials with controlled 1-, 2-, and 3-D nanostructures and forms that are built from the 
ground up are now routinely used as electrodes in batteries. Improved rapid charge and 
discharge rates due to short cation diffusion lengths have been realized as a result of 
nanometric sizing of electroactive materials such as that for olivine LiFePO4 [1], a 
material that has intrinsic poor electrical and ionic conductivity. In addition to the two 
phase reaction with end point solid solutions, the typically difficult and slow conversion 
reactions have also been made to be much more efficient in charge storage. In this 
case the nanometric size allows lithium oxide to stay in intimate contact with the Co 
metal on discharge such that the reverse reaction (charge) to reform CoO is possible 
[2]. In our work examples of Li electrochemical reaction with 1-D TiO2 nanotubes has 
been shown to result in high capacity spinel rock salt Li2Ti2O4 which occurs during 
cycling of the electrode [3]. In other examples I will show the electrochemical reaction of 



Na cations with nano- bi-layered 2-D V2O5 [4], and Li and Na with 3-D core-shell and 
hollow spherical iron oxide nanoparticles [5, 6]. The overarching theme of this work is 
that the nanoarchitecture used in the electrode has a profound impact on 
theelectrochemical/battery performance. 

Acknowledgement. This work was supported by the U.S. Department of Energy, U.S. 
DOE-BES, under ContractNo.DE-AC02-06CH11357. 
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COLL 169 

Introduction to colloidal particles with heterogeneous properties: Colloidal 
molecules 

Ning Wu, ningwu@mines.edu.Department of Chemical & Biological Engineering, 
Colorado School of Mines, Golden, CO 80401, United States 

The presentation will discuss an important type of colloidal particles that has been a hot 
topic in recent years: non-spherical colloids with heterogeneous surface properties, i.e., 
anisotropic particles. This talk will describe their represenation as mimics of atoms and 
molecules. 

COLL 170 

Synthesis and fabrication of colloidal molecules 

Ning Wu, ningwu@mines.edu.Department of Chemical & Biological Engineering, 
Colorado School of Mines, Golden, C) 80401, United States 

This presentation will describe the synthesis and fabrication of anisotropic colloidal 
particles viewed as colloidal molecules. 

COLL 171 



Fundamentals on self-assembly of colloids 

Ning Wu, ningwu@mines.edu.Department of Chemical & Biological Engineering, 
Colorado School of Mines, Golden, CO 80401, United States 

This presentation will discuss the fundamentals of self-assembly of anisotropic colloids. 

COLL 172 

Directed assembly under external fields 

Ning Wu, ningwu@mines.edu.Department of Chemical & Biological Engineering, 
Colorado School of Mines, Golden, CO 80401, United States 

This presentation will give an introduction to the directed assembly of anisotropic 
colloids in external fields. 

COLL 173 

Applications: Self-propelling motors, colloidal surfactants, solar cells, and drug 
delivery 

Ning Wu, ningwu@mines.edu.Department of Chemical & Biological Engineering, 
Colorado School of Mines, Golden, CO 80401, United States 

In this presentation a variety of potential applications of anisotropic collloids will be 
considered. 

COLL 174 

Biopolymer beads with biconcave shapes: Assembly and characterization 

Chandamany Arya1, chanda.arya@gmail.com, Janice Lan3, Rosemary Garcia1, Don L 
DeVoe2, Srinivasa R Raghavan1.  (1) Department of Chemical and Biomolecular 
Engineering, University of Maryland, College Park, MD 20740, United States  (2) 
Department of Mechanical Engineering, University of Maryland, College Park, MD 
20783, United States  (3) Department of Chemical Engineering, Stanford University, 
Stanford, California 94305, United States 

Microcapsules and microbeads are important in various fields ranging from drug 
delivery to biosensors. Recently, microfluidic devices using two-phase flow have 
become popular for the templated generation of such microstructures. Microparticles 
produced via droplet microfluidics are typically restricted to certain geometries, such as 
spherical or ellipsoidal (plug-like). In this study, we describe a microfluidic approach for 
generating monodisperse biconcave-shaped beads of the biopolymer, alginate 
(brightfield image below). The biconcave shape mimics the shape of red blood cells 



(RBCs). Our method uses a simple microfluidic tubing device constructed using 
commercial tubing, and the reagents involved are inexpensive and widely accessible. 
The method can be easily extended to other biopolymers as well. In addition, the 
mechanical properties of these beads can be tuned over a wide range, i.e., the beads 
can be made to be relatively soft and deformable objects that can squeeze through 
smaller channels or they can be very stiff objects that get stuck in smaller channels. The 
biomimetic features of these microbeads will be discussed in this presentation. 

 

 
 

COLL 175 

Self-oscillation observed in pH sensitive microcapsules and its release behavior 

Takayuki Narita, naritat@cc.saga-u.ac.jp, Hirokazu Takakura, Hidetaka Kawakita, 
Yushi Oishi.Department of Chemistry and Applied Chemistry, Saga Univ., Saga, Saga 
840-8502, Japan 

We report our discovery of volume self-oscillation in a microcapsule system. The 
oscillation was first achieved using smart membrane system that is inspired by cellular 
calcium oscillations observed in biological oscillating system, such as a circadian clock 
or a molecular mechanism that determines nerve impulse firing or that governs the cell 
cycle. The oscillation in our system consists of volume expansion and shrinking driven 
by osmotic pressure differences across the membrane of microcapsule. Because 
oscillations can be often observed in bistable system with delayed feedback, such as 
predator-prey cycles, we used a permselective membrane which is highly sensitive to 
the pH environment in order to build such a feedback into our microcapsule system. 



COLL 176 

Magnetic iron oxide colloidal nanoparticles: Role of maleic anhydride grafted 
polypropylene 

Qingliang He1, qhe@lamar.edu, Suying Wei2, Zhanhu Guo1.  (1) Chemical 
Engineering, Lamar University, Beaumont, Texas 77710, United States  (2) Chemistry 
and Biochemistry, Lamar University, Beaumont, Texas 77710, United States 

The synthesis of magnetic colloids containing 
stable iron oxide nanoparticles was successfully demonstrated through using a 
traditional plastic additive - maleic anhydride grafted polypropylene (MAPP) as 
an alternative to commonly used small molecular weight surfactants. To be 
specific, an one-pot bottom up wet chemistry method was used to synthesize 
these colloids from thermal decomposing soluble organometallic precursor, 
Fe(CO)5 in refluxing MAPP / xylene organic solution. Different 
particle structure, self assembly morphology and thus resulted physicochemical 
property can be manipulated through simply changing the MAPP to metal precursor 
weight ratio in the organic solution. In addition, by using the fixed MAPP to 
metal precursor weight ratio, the MAPP with different backbone chain lengths 
have been demonstrated to be capable to control the self assembly morphologies 
and the physicochemical property of the synthesized magnetic colloids without 
any external magnetic field. The formation mechanisms of these different 
colloids will also be covered through systematic studies by means of 
transmission electron microscopy (TEM) and scanning electron microscopy (SEM), 
fourier 
transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy 
(XPS), mössbauer spectroscopy, thermal gravimetric analysis (TGA) and room 
temperature magnetic property measurement. 

COLL 177 

Mechanical characterization of microparticles by micromanipulation 

Zhibing Zhang, z.zhang@bham.ac.uk.School of Chemical Engineering, University of 
Birmingham, Birmingham, West Midlands B152TT, United Kingdom 

Micro-particles (microspheres, microcapsules, granules, agglomerates etc) have found 
ever increasing applications in functional products. These particles should have 
desirable chemical, mechanical, structural and surface properties. Mechanical 
characterisation of single micro-particles is essential to understand the variation 
between individual micro-particles, and predict their behaviour during manufacturing, 
processing and end-use applications. However, it had not been possible to measure the 
mechanical properties of single micro-particles due to technical difficulties until a novel 
micromanipulation technique was developed at Birmingham. 



The micromanipulation technique is based on compression of single micro-particles 
between two parallel surfaces, and simulataneous measurement of the force imposed 
on them versus their displacement. Single micro-particles can be compressed and held 
to detect their visco-elastic behaviour, compressed and released to determine their 
elastic limit and plastic behaviour, and compressed to rupture to evaluate their strength. 
Moreover, the force versus displacement data can be modelled analytically or using 
finite element analysis (FEA) to determine their intrinsic mechanical property 
parameters. For compression of elastic microspheres, the Hertz model or Tatara model 
has been used to fit experimental data corresponding to small or large deformations to 
determine the elastic modulus of the materials. For visco-elastic micro-spheres with 
small deformation, an extended Hertz model was developed to account for the time-
dependent behaviour. For visco-elastic microspheres such as hydrogel with large 
deformations, FEA was applied to determine their visco-elastic property parameters 
including the instantaneous elastic modulus, the equilibrium elastic modulus and 
relaxation times. For spherical microcapsules with a core-shell structure, 
micromanipulation combined with FEA has been used to determine the elastic modulus, 
shell thickness, yield stress, strain hardening modulus, strain and stress at rupture of 
their shell materials made of different formulation and processing conditions. 
Mechanical characterisation of these micro-particles combined with measuring their 
performance can be used to guide new product formulation and processing. 

COLL 178 

Development of microencapsulation technologies and subsequent 
characterization of physical and chemical properties including controlled release 

Ronald J Versic, RVersic@RTDodge.com.Ronald T. Dodge Company, Dayton, Ohio 
45459-4812, United States 

Prior to the 1950's controlled release dosage forms were mostly limited to large size 
particles and simple mechanical fabrication. The subsequent development of 
coacervation and extrusion created the need for better characterization of the particles, 
especially the determination of a release profile. Today's methods use DSC, TGA, Zeta 
potential and others to routinely develop and characterize particles under development 
and in production. 

COLL 179 

Nanocomposite encapsulation shell for high temperature applications 

James D. Oxley1, james.oxley@swri.org, Anoop Mathur2.  (1) Department of 
Microencapsulation and Nanomaterials, Southwest Research Intitute, San Antonio, 
Texas 78238, United States  (2) Terrafore, Inc., Minneapolis, MN 55402, United States 

Multiple micro- and nanoencapsulation technologies and formulations are available for 
wide spread use in a variety of industries including pharmaceuticals, food, cosmetics, 



consumer products, and agriculture. As new applications and industries emerge, new 
formulations and processes are required to adapt to the various demands placed upon 
the encapsulated active ingredients. For example, concentrated solar power plants 
require a novel system for high temperature thermal energy storage. Encapsulated 
phase change materials (PCM) are a proven technology for thermal energy storage, 
however current formulations are insufficient for the high temperatures, up to 550 °C, 
associated with a concentrated solar power plant. New encapsulated PCMs were 
developed for use in a high temperature environment. 

Nitrate salts are common high temperature thermal energy storage materials. 
Potassium nitrate, with a melting point of 334 °C, was encapsulated with a formulation 
that is stable up to at least 550°C. The high temperature encapsulated PCM was 
designed using a three-shell system. Inner and outer shells were formulated with a nano 
clay base, ceramic binder, and organic film former. The clay and binder provide 
structural and thermal support, while the organic film former aids in application of the 
inorganic matrix to the surface of the PCM. The middle layer is composed of a sacrificial 
organic material, burned out to leave a void within the capsule for expansion of the salt 
during melting of the PCM. 

 

 
 

COLL 180 

Preparation, thermal stability, and photocatalytic activity of fluoroalkyl end-
capped vinyltrimethoxysilane oligomer/silica/anatase titanium oxide 
nanocomposites-encapsulated a variety of low-molecular weight aromatic 
compounds 



Hideo Sawada1, hideosaw@cc.hirosaki-u.ac.jp, Sujuan Guo1, Hiroshi Kakehi2, 
Yoshihiro Kato2, Masashi Miura2, Norifumi Isu2.  (1) Department of Frontier Materials 
Chemistry, Hirosaki University, Hirosaki, Aomori 036-8561, Japan  (2) R & D Center, 
LIXIL Corporation, Tokoname, Aichi 479-8588, Japan 

Usually, it is well known that anatase titanium oxide (an-TiO2) transforms irreversibly to 

rutile titanium oxide around 600 ∼ 750 °C.1) However, we have very recently found that 
fluoroalkyl end-capped vinyltrimethoxysilane oligomer/silica/ anatase titanium oxide 
nanocomposites [RF-(VM-SiO2)n-RF/an-TiO2] can keep completely its structure without 
phase transformation to rutile even after calcination at 1000 oC, and RF-(VM-SiO2)n-
RF/an-TiO2 nanocomposite after calcination can exhibit the same photocatalytic activity 
as that before calcination.2) Here we report that fluoroalkyl end-capped 
vinyltrimethoxysilane oligomer [RF-(VM)n-RF] can be applicable to the preparation of the 
corresponding oligomer/silica/an-TiO2nanocomposites-encapsulated a variety of low 
molecular weight aromatic compounds. 

We have prepared RF-(VM-SiO2)n-RF/an-TiO2 nanocomposites-encapsulated a variety 
of aromatic compounds such as bisphenol A, 1,1'-bi-2-naphthol (BINOL) and C60 by the 
sol-gel reactions of RF-(VM)n-RF oligomer with an-TiO2 nanoparticles in the presence of 
the corresponding aromatic compounds under alkaline conditions. Thermal stability of 
these obtained nanocomposites was studied by the use of TGA (thermogravimetric 
analyses) measurments. Interestingly, encapsulated aromatic compounds such as 
bisphenol A and BINOL into these nanocomposites were found to exhibit no weight loss 
behavior even after calcination at 1000 oC, although encapsulted C60 exhibited a clear 
weight loss under similar conditions. These fluorinated an-TiO2 nanocomposites-
encapsulated aromatic compounds were able to keep completely its structure without 
phase transformation to rutile even after calcination at 1000 oC. More interstingly, these 
fluorinated nanocomposites after calcination at 1000 oC can exhibit the superior 
photocatalytic activity to that of RF-(VM-SiO2)n-RF/an-TiO2 nanocomposites after 
calcination and original an-TiO2nanoparticles before calcination under the similar 
conditions. 

1) X. Peng and A. Chen, Adv. Funct. Mater., 16 , 1355 (2006). 

2) S. Guo, H. Yoshioka, H. Kakehi, Y. Kato, M. Miura, N. Isu, B. Ameduri, and H. 
Sawada,  

J. Colloid Interface Sci., 387 , 141 (2012). 

COLL 181 

Role of stabilizing ligands and precursors on the formation of “magic-sized” 
ultrasmall (CdSe)34 nanocrystals 

Sukanta Dolai1, sdolai@iupui.edu, Praneeth N. Reddy2, Manik Mandal3, Karl Dria1, 
Amala Dass2, Barry B. Muhoberac1, Rajesh Sardar1.  (1) Department of Chemistry and 



Chemical Biology, Indiana University Purdue University Indianapolis, Indianapolis, 
Indiana 46202, United States  (2) Department of Chemistry and Biochemistry, University 
of Mississippi, Oxford, Mississippi 38677, United States  (3) Department of Chemistry, 
Lehigh University, Bethlehem, Pennsylvania 18015, United States 

The synthesis of ultra-small metal chalcogenides with uniform size and composition 
would expedite the advancement of semiconductor nanocrystals' applications in the field 
of nanoscience and nanoimaging and faster production of advanced photovoltaic 
devices. Three-dimensional modeling and DFT energy calculations of ultra-small 
(CdSe)n clusters (< 2 nm) predicted the well-defined and ultrastable clusters composed 
of (CdSe)13, (CdSe)19, (CdSe)33 and (CdSe)34 with core cage structures (fullerene-like). 
These thermodynamically stable ensembles of atoms are often called “magic sizes” and 
are formed by closed shells of atoms providing uniformity in their chemical composition 
approaching that of small molecules. Preferential synthesis and isolation of single-sized 
nanocrystals is extremely crucial in order to understand their precise optical and 
electronic properties, and for the further improvement of nanoscale devices. We present 
here a simple and efficient method for synthesizing blue-light emitting single-sized 
(CdSe)34 nanocrystals at room temperature in gram scale. The preferential formation of 
(CdSe)34 nanocrystals was determined by laser desorption ionization mass 
spectroscopy (LDI-MS). The absorption spectrum of magic-sized (CdSe)34 nanocrystals 
featured a lowest energy transition at 418 nm with two additional higher energy 
transitions at 382 nm and 353 nm respectively. The nanocrystals displayed sharp band-
edge emission in the blue-light region centered at 432 nm and a weak broad emission 
profile covering the entire visible region of the spectrum. High-resolution transmission 
electron microscopic (HRTEM) and powder X-ray (XRD) analysis confirms the 
nanocrystals are 1.5 nm in diameter with a wurtzite crystal structure. The fluorescence 
quantum yield of the synthesized (CdSe)34 nanocrystals was found to be 7.04% which is 
highest to date for these kind of ultra-small CdSe nanocrystals. A similar approach was 
utilized to synthesize a series of (CdSe)34 nanocrystals with varying surface ligands, and 
the roles of different Cd and Se precursors towards the “magic-sized” nanocrystal 
formation were investigated in details. 

COLL 182 

XANES and EXAFS time-resolved study of the reduction of a Pt-SnCl3
– complex to 

form Pt-Sn core-shell nanoparticles 

Samuel St. John, s4mwise@mac.com, Zhipeng Nan, Anastasios P. 
Angelopoulos.Department of Chemical Engineering, University of Cincinnati, Cincinnati, 
OH 45221, United States 

Single-crystal studies have previously demonstrated that Pt surface poisoning by 
intermediates produced during the ethanol oxidation reaction (EOR) can be mitigated by 
the presence of Sn atoms. We have developed an all-aqueous synthesis approach to 
produce Pt nanoparticles reduced and stabilized by SnCl3

– surface ligands. These 
ligands can be easily converted to surface-adsorbed Sn for improved ethanol oxidation 



reaction activity. The synthesis method is easily extensible to the other noble metals, as 
well as several base metals that can lead to improved mass-specific EOR activity.  

We here present results concerning the structural evolution of the Pt-SnCl3
–core-shell 

nanoparticle structure measured using time-resolved, in situ x-ray absorption near-edge 
spectroscopy (XANES) and extended x-ray absorption fine structure (EXAFS) 
spectroscopy for data collected at the Pt L2,3 edges and Sn K edge. We are able to 
demonstrate the evolution of Pt valence and coordination from the initial Pt(II)-SnCl3

– 
complex to Pt-SnCl3

– core-shell nanoparticle during nanoparticle growth. Data illustrate 
the complex structure, reduction event, and change in Pt coordination environment from 
Sn to Pt. Particle size is estimated by using the coordination number determined from 
EXAFS analysis. Comparisons are made to previously obtained small-angle x-ray 
scattering data as well as more recent 119Sn Mössbauer analyses. 

COLL 183 

Synthesis and characterization of metallic and magnetic nanoparticles in a 
multifunctional solvent system 

Jennifer N. Duggan1, jzb0017@auburn.edu, Christopher B. Roberts2.  (1) Department 
of Chemical Engineering, Auburn University, Auburn University, AL 36849-5127, United 
States  (2) College of Engineering, Auburn University, Auburn University, AL 36849-
5127, United States 

In recent years, various techniques have been developed to synthesize nanoparticles, 
but these methods can be time-intensive and often require the use of harsh and 
expensive solvents and reagents. One way to improve nanoparticle synthesis 
techniques could be to utilize a single molecule “functional solvent” to allow for 
favorable nanoparticle solvation and stabilization. Our lab has previously demonstrated 
the successful synthesis of monodisperse palladium nanoparticles using dimethyl 
sulfoxide (DMSO) as a functional solvent. It was found that the sulfur and oxygen 
moieties in the DMSO molecules interact with the nanoparticle surfaces via a resonance 
hybrid structure, which effectively stabilizes the palladium nanoparticle dispersions. 
DMSO has very interesting properties including a high boiling point, low vapor pressure, 
and high viscosity. Our lab has previously demonstrated that the physico-chemical 
properties of DMSO can be tuned through the use of CO2-expanded liquid solutions by 
applying a CO2head pressure to the DMSO solvent. 

Herein, we examine the synthesis and characterization of cobalt and gold nanoparticles 
using DMSO as a functional solvent. We have observed that cobalt nanoparticles of a 
particular size can be tunably assembled into nano-scale clusters of controlled sizes by 
varying synthesis temperature and introducing polar co-solvents to the DMSO solution, 
thereby affecting the clusters' physical properties, such as their magnetism. We have 
found that gold nanoparticles in DMSO solvent systems can be assembled into chain-
like configurations by increasing the applied CO2 pressure post-synthesis, which may 
affect the optical properties of the dispersion in the near-infrared region. XPS and XRD 



were used to elucidate the behavior and function of oxygen and sulfur complexes that 
may have formed on the nanoparticle surfaces during synthesis. The average 
nanoparticle size was determined using TEM, and the interaction between the 
nanoparticle surface and the DMSO solvent systems was studied using FT-IR 
spectroscopy. 

COLL 184 

Syntheses of functionalized hollow silica nanospheres 

Yingyu Li1,2, ylicuny@gmail.com, Shuiqin Zhou1,2, Michal Kruk1,2.  (1) Department of 
Chemistry, City University of New York, New York, NY 10016, United States  (2) 
Department of Chemistry, College of Staten Island, Staten Island, NY 10314, United 
States 

A simple route has been developed for the direct synthesis of hollow silica nanospheres 
functionalized with organic groups. Under acidic conditions, tetraethoxysilane and 
organotrialkoxysilanes in different molar ratios were co-condensed in a single-micelle-
templating process using a commercially available triblock copolymer surfactant and a 
suitable micelle swelling agent. The nanospheres exhibited large diameters of inner 
cavities, appreciable pore volumes and high specific surface areas. In addition, the 
nanospheres were successfully post-functionalized using surface-grafting approaches. 
Thermogravimetry, 29Si NMR, IR, transmission electron microscopy, gas adsorption and 
small-angle X-ray scattering were used to characterize the functionalized nanospheres. 

COLL 185 

Stable gold nanocolloids with controllable surface modification and 
functionalization 

Wei Qian, weiqian18@yahoo.com, Yong Che.IMRA America, Inc., Ann Arbor, Michigan 
48105, United States 

Gold nanocolloids are being intensively investigated for their potential use in biology 
and medicine. For each biomedical application of gold nanocolloids, including imaging, 
sensing, gene-regulating, targeted drug delivery, and photoresponsive therapeutics et 
al., their chemical stability in biological medium, biocompatibility, and targeting efficacy 
are the key requirements and surface modifications are essential for meeting these 
requirements. Although various surface modification strategies have been established 
after 10 years of extensive studies, the fabrication of gold nanoparticles conjugated with 
a defined number of one or multiple types of ligands still presents a major challenge. In 
this presentation, using surface modification of gold nanoparticles with lloidal stability 
during PEGylation, which leads to the establishment of an approach for highly 
efficipoly(ethylene glycol) (PEG)molecules as an example, we will begin by describing 
the influence of both ionic strength of aqueous solution in which gold nanoparticles are 
suspended and surface chemistry of gold nanoparticles on their coent and controllable 



PEGylation of gold nanoparticles with surface coverage of PEG molecules being 
tunable to be any percent value between 0 and 100%. In addition, we will also describe 
the application of partial surface PEGylation in the fabrication of gold nanoconjugates 
with improved performance in targeting and cellular internalization. The PEGylation 
process described here just serves as an example and the discussed strategies could 
be readily applied to construct other biologically important molecules onto surfaces of 
gold nanoparticles. Given the prominent importance of surface modification of gold 
nanoparticles in terms of their biomedical applications, our work represents a significant 
step forward in the ongoing effort to develop innovative gold nanoparticle-based 
effective diagnostic and therapeutic agents. 

COLL 186 

Path dependent chalcogenide nanoparticle synthesis 

Bryce C Walker, walker70@purdue.edu, Stephen M Szczepaniak, Rakesh 
Agrawal.School of Chemical Engineering, Purdue University, West Lafayette, Indiana 
47907, United States 

Metal chalcogenide nanoparticles are very important materials with properties of interest 
to a variety of applications. These materials are being developed for use in 
photovoltaics1, light-emitting diodes2, biomedical sensors3, and more. With such a 
variety of applications brings the importance of understanding their formation to the 
forefront. Binary chalcogenides are the simplest of these, but still the processing of 
these compounds is not straight forward, and deserves further investigation reported 
herein. 

Under the wide range of temperature and atmospheric conditions the initial precursors 
can undergo changes which alter the production of final nanomaterials formed. We 
present on data obtained in coordinating solvents whereby we can controllably create 
metal chalcogenide (Me-E) binary nanomaterials with compositions in range including 
Me2E, MeE, and MeE2 of various sizes and shapes by altering only the path to 
formation and not the actual starting materials. The controlled formation is highly 
dependent on solubility constraints, redox chemistry, and stoichiometry ratios. 
Manipulations of these conditions thereby give differing final products. We report on the 
processing conditions, the results, and how the conditions lead to the obtained results. 
Understanding these issues is especially important for the formation of more complex 
tertiary and quaternary chalcogenides that are formed through binary intermediates. 

1. Semonin, O. E. et al. Peak external photocurrent quantum efficiency exceeding 100% 
via MEG in a quantum dot solar cell. Science (New York, N.Y.) 334 , 1530–3 (2011). 

2. Talapin, D. V., Lee, J.-S., Kovalenko, M. V. & Shevchenko, E. V. Prospects of 
colloidal nanocrystals for electronic and optoelectronic applications. Chemical reviews 
110 , 389–458 (2010). 



3. Hessel, C. M. et al. Copper selenide nanocrystals for photothermal therapy. Nano 
letters 11 , 2560–6 (2011). 
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Spin-on functional nanoparticle coatings for antireflection and sensing 
applications 

Adam J Nolte1, nolte@rose-hulman.edu, Marissa C Artmayer1, Maarij Syed2.  (1) 
Department of Chemical Engineering, Rose-Hulman Institute of Technology, Terre 
Haute, IN 47803, United States  (2) Department of Physics and Optical Engineering, 
Rose-Hulman Institute of Technology, Terre Haute, IN 47803, United States 

Inducing aggregation in aqueous nanoparticle solutions prior to spin-processing permits 
one to controllably tune the porosity and thickness of the resulting coatings. We have 
previously demonstrated that such control allows for the creation of spin-on nanoparticle 
antireflection coatings with optical properties that may be carefully tuned to minimize 
reflectance for a given substrate. In this work, we present recent research aimed at 
more precisely understanding the importance of the spin-processing step in determining 
the coating porosity and thickness. In addition, we demonstrate that nanoparticle 
functionalization may be used to mitigate the sensitivity of coatings to environmental 
fluctuations, as well as to tune coatings for use in sensing humidity or other vapor-
phase analytes. 

COLL 188 

Structural volume changes of gold-polymer nanocomposites upon light 
irradiation 

Jun-Hyun Kim1, jkim5@ilstu.edu, Jiayun Hu1, Hongsik Byun2.  (1) Department of 
Chemistry, Illinois State University, Normal, IL 61790-4160, United States  (2) 
Department of Chemical System Engineering, Keimyung University, Daegu, Republic of 
Korea 

This study describes the preparation and characterization of stable spherical or 
anisotropic gold nanoparticle modified poly(N-isopropylacrylamide) nanoparticles. The 
structural and optically responsive properties of these nanocomposites were thoroughly 
examined by electron microscope, UV-visible spectrophotometer, Zeta potential, and 
dynamic light scattering. Unlike other polymer-gold nanocomposites, these 
nanoparticles exhibited high stability under various temperatures and/or pHs. Their 
rapid responsiveness to light irradiation resulted in significant volume changes of the 
nanocomposites which were also monitored by distinctive changes of the absorption 
bands. Subsequently, these nanoparticles were tested in a simple chemical reduction, 
whose reactivity was substantially controlled by the presence or absence of light 
irradiation. The stimuli induced tunable chemical reaction of these nanocomposites can 
lead to the development of a novel nanoscale chemical reactor. 



COLL 189 

Exactly doped quantum dots 

Preston T Snee, sneep@uic.edu, Ali Mohammad Jawaid, Soma Chattopadhyay, 
Donald Wink, Leah Elizabeth Page.Chemistry, University of Illinois at Chicago, Chicago, 
Il 60607, United States 

A method for synthesizing doped CdSe quantum dots, where every dot contains exactly 
4 copper ions, will be presented. The synthesis is a derivative of the cluster-seed 
method, whereby organometallic clusters act as nucleationcenters for quantum dots. 
The method is tolerant of the chemicalidentity of the seed; as such, we have doped four 
copper ions into CdSe QDs using [Na(H2O)3]2[Cu4(SPh)6] as a cluster seed. 
Thecontrolled doping allows us to monitor the photophysical propertiesof guest ions with 
X-ray spectroscopy, specifically XANES and EXAFSat the copper K-edge. These data 
reveal that copper can capture both electrons and holes from photoexcited CdSe QDs. 
When the dopant is oxidized, photoluminescence is quenched and the copper ions 
translocate within the CdSe matrix, which slows the return to an emissive state. 

COLL 190 

In-situ X-ray photoelectron spectroscopy studies of small environmental 
molecules on GaAs surface 

Xueqiang Zhang1,3, xzhang10@nd.edu, Edward Lamere2,3, Sylwia Ptasinska2,3.  (1) 
Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame, 
Indiana 46556, United States  (2) Department of Physics, University of Notre Dame, 
Notre Dame, Indiana 46556, United States  (3) Radiation Laboratory, University of Notre 
Dame, Notre Dame, Indiana 46556, United States 

Gallium Arsenic (GaAs) possesses many favorable features including high saturated 
electron velocity and mobility, high breakdown voltage and lower electrical noise in 
comparison with other semiconductors. Thus it has been widely used in semiconductor 
industry. However, the understanding of surface interaction processes between GaAs 
and common environmental gas phase molecules such as oxygen, water and 
hydrocarbons is largely unknown at the molecular level. Recent progress in surface 
sensitive techniques facilitates the study in above fields. Especially the built of in house 
Near Ambient Pressure X-ray Photoelectron Spectroscopy (NAP-XPS) allows us to 
track surface chemistry on-line at elevated pressures up to a few millibars and 
temperatures up to 500 °C. Such the state-of art equipment was recently installed in the 
Notre Dame Radiation Laboratory. 

GaAs samples: crystals and nanowires were fabricated in the molecular beam epitaxy 
Laboratory at University of Notre Dame and subsequently characterized with XRD and 
SEM by Dr. Furdyna's group. After cleaning with argon ion bombardment, surface 
chemistry evolutions of the GaAs samples in different gas phase environment such as 



oxygen, water and methane were tracked in-situ at various pressures and temperatures 
by recording XPS spectra. 

COLL 191 

Nanoparticle-programmed self-destructive neural stem cells for targeted 
glioblastoma therapy 

Yu Cheng1, ycheng1@surgery.bsd.uchicago.edu, Ramin Morshed1, Shih-Hsun Cheng2, 
Chin-Tu Chen2, Leu-Wei Lo4, Alex Tobias1, Derek A. Wainwright1, Brenda Auffinger1, 
Yu Han1, Ling jiao Zhang1, Karen S. Aboody3, Atique Ahmed1, Maciej S. Lesniak1.  (1) 
The Brain Tumor Center, The University of Chicago, Chicago, Illinois, United States  (2) 
Department of Radiology, The University of Chicago, Chicago, Illinois, United States  (3) 
Department of Neuroscience, City of Hope National Medical Center and Beckman 
Research Institute, United States  (4) National Health Research Institute, Taiwan, China 

Despite recent advances in the nanomedicine for treating brain cancer, the prognosis 
for patients with glioblastoma multiforme remains poor due to the highly invasive nature 
of the tumors. One major challenge for nanomedicine is to achieve an extensive yet 
specific distribution at the brain tumor area, especially when targets including diffuse 
infiltrating cancer cells are distant from the site of administration. Neural stem cells with 
their inherent tumor-tropic migratory capability, may offer a novel approach for targeted 
delivery of nanomedicine to distant and diffuse tumor sites. Here, we demonstrate a 
proof-of-concept study on the combination of neural stem cell and silica nanoparticle-
doxorubicin conjugates with the pH mediated drug release for glioma therapy. Our 
results show that an FDA approved neural stem cell line HB1.F3.CD can efficiently take 
up the conjugates and maintain the homing ability to the glioma cells in vitro. In vivo 
studies indicate the neural stem cells can targeted deliver the nanomedicine to the 
tumor area and enhance the therapeutic outcome in the context of glioma. 
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Highly reactive and sinter-resistant catalytic system based on Pt nanoparticles 
embedded in the inner surfaces of CeO2 hollow fibers 

Ping Lu1, pinglu@gatech.edu, Kyunghwan Yoon1, Charles T. Campbell2, Younan 
Xia1.  (1) The Wallace H. Coulter Department of Biomedical Engineering, School of 
Chemistry and Biochemistry, and School of Chemical and Biomolecualr Engineering, 
Georgia Institute of Technology, Atlanta, Georgia 30332, United States  (2) Department 
of Chemistry, University of Washington, Seattle, Washington 98195, United States 

We have demonstrated a method for embedding platinum (Pt) nanoparticles in the inner 
surfaces of ceria (CeO2) hollow fibers with open ends to generate a new catalytic 
system that could resist thermal sintering up to 700 oC. CeO2 hollow fibers with Pt 
nanoparticles embedded in their inner surfaces (Ptencap/CeO2) were prepared by 
sequentially depositing Pt nanoparticles and CeO2 sheaths on electrospun fibers of 



polystyrene, followed by calcination in air at 400 oC. Despite a relatively low Pt loading 
in this new system, the turnover frequency (TOF) of the as-synthesized Ptencap/CeO2 
hollow fibers for CO oxidation was 2–3 orders of magnitude higher than those based on 
the conventional Pt/SiO2 catalytic system. It could be attributed to a unique structure 
and composition for maximizing the Ptencap/CeO2 interface. 
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Hierarchical and re-entrant micro/nanostructures for superhydrophobic surfaces 
with extremely low hysteresis 

Vikhram V Swaminathan1, vikhram2@illinois.edu, Huan Hu1, Mahmoud R.Z. Farhani2, 
Glennys Mensing1, Junghoon Yeom3, Mark A Shannon1, Likun Zhu2.  (1) University of 
Illinois at Urbana-Champaign, Urbana, IL 61801, United States  (2) Indiana University 
Purdue University Indianapolis, Indianapolis, Indiana 46202, United States  (3) U.S. 
Naval Research Laboratory, Washington, DC 20375, United States 

We report a low-cost, scalable way of fabricating hierarchical micro/nano structures with 
re-entrant shapes for superhydrophobic surfaces with extremely low hysteresis. 
Superhydrophobic surfaces have numerous applications in self-cleaning, anti-fouling, 
anti-freezing and heat transfer enhancement. Surface nanofeatures reduce the actual 
contact area between a solid surface and liquid droplet—thus contact angle increases 
and sliding angle decreases. In contrast to most hierarchical geometries with simple 
micropillar structures that do not prevent water from falling into gaps, re-entrant 
structures minimize the droplet contact area by repelling water from contacting the 
micropillar sidewalls. We combined the hierarchical micro/nanostructuring with re-
entrant profiles for the micropillars (Fig. 1a-d) to draw advantage of both effects. Re-
entrant microstructures were produced using conventional silicon microfabrication, and 
silicon nanopillars (SiNPs) were patterned over these microstructures by metal-
assisted-chemical etching (MACEtch). We have developed a unique method of treating 
rough sidewall profiles resulting from a DRIE process that enables complete coverage 
of SiNPs on patterned microstructures. Our results (Fig. 1e) indicate that tuning the re-
entrant geometry (area fraction) drives hydrophobicity, which is further strengthened by 
the SiNPs that prevent hysteresis by reducing the sliding angle well below the 2° 
criterion for superhydrophobicity. We have demonstrated water contact angle of 170° 
and minimum hysteresis with a sliding angle as low as 0.5°. 
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Hard templating strategy for controlled synthesis of monodispersed mesoporous 
carbon and metal oxide nanoparticles with uniform morphology for catalytic and 
electrocatalytic applications 

Madhura Joglekar, joglekar@mines.edu, Brian G Trewyn.Chemistry and 
Geochemistry, Colorado School of Mines, Golden, Colorado 80401, United States 

High surface area, uniform morphology, and monodispersity are some of the important 
aspects when considering the catalytic activity of a nanomaterial. Methods currently 
employed for the production of conductive carbon based nanomaterials are inherently 
limited by energy intensive synthetic procedures leading to low surface area, nonporous 
materials having polydispersed morphologies. Herein, we report the synthesis of 
monodispersed mesoporous carbon nanoparticles with uniform morphology using 
MCM-48 and large pore mesoporous silica nanoparticles as hard templates and 
characterization using various advanced techniques such as porosity and surface 
analysis, electron microscopy, X-ray diffraction and Raman spectroscopy. The use of 
similar synthetic strategies also leads to the formation of monodispersed and highly 
uniform mesoporous metal oxide nanoparticles such as ceria. The surface 
functionalization, catalytic and electrocatalytic applications of these new materials will 
be discussed in brief. 

COLL 195 

Directed covalent assembly of rigid organic nanodisks using self-assembled 
temporary scaffolds 



Sergey A Dergunov1, sdrgunov@slu.edu, Andrew G Richter2, Eugene Pinkhassik1.  (1) 
Department of Chemistry, Saint Louis University, St Louis, MO 63103, United 
States  (2) Department of Physics and Astronomy,, Valparaiso University, Valparaiso, 
Indiana 46383, United States 

In the recent years, development of new nanoscale building blocks has led to the 
creation of functional materials and devices with new and superior properties. Most of 
the previous work focused on inorganic nanoparticles. Two-dimensional particles (e.g. 
platelets and disks) are especially interesting due to potentially anisotropic mechanical 
and optical properties of new composites. Cross-linked polystyrene nanodisks were 
prepared by controlled polymerization of styrene and divinylbenzene in the interior of 
bicelles, discoidal lipid aggregates. Aggregation behavior of polymer nanodisks was 
studied in water, organic solvents, and solid phase. Nanodisks form stable dispersions 
in aqueous solutions of surfactants, such as sodium dodecyl sulfate (SDS). Varying 
SDS/nanodisk ratio allowed us to control the size of nanodisk aggregates. Nanodisks 
are readily solubilized in nonpolar organic solvents, such as toluene and carbon 
tetrachloride, to yield stable monodisperse suspensions. These findings open 
opportunities for creating nanodisk-based nanocomposite materials. Stable nanodisk 
suspension in toluene enabled small angle neutron scattering (SANS) measurements. 
SANS data confirmed the nanodisk diameter and allowed accurate measurement of 
nanodisk thickness (19.5 ± 1.0 Å). In solid phase, nanodisks aggregate into sub-micron 
platelets. Two-dimensional disk shape in contrast to three-dimensional spherical shapes 
promotes their cell surface binding with significant reduction of cell uptake. As a result of 
lower cell uptake, nanodisks show very little perturbations on cell functions such as 
cellular ROS generation, apoptosis and cell cycle progression compared to 
nanospheres. Disk-shaped nanoparticles may be a promising template for developing 
cell membrane-specific and safer imaging agents for a range of biomedical applications 
such as molecular imaging, tissue engineering, cell tracking, and stem cell separation. 
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High surface area electrspun nanofiber for bacteriophage T-7 preservation 

Minhui Dai, mdai@foodsci.umass.edu, Sam R Nugen.Department of food science, 
Umass, Amherst, Amherst, MA 01003, United States 

Bacteriophage are bacterial viruses and are found to have antimicrobial properties and 
becomes a means of pathogen control, which is approved by U.S. Food and Drug 
Administration for the control of Listeria monocytogene, Salmonella, E. coli O157:H7and 
Campylobacter. However, after traditional drying method, phages infectiveness lost 
during drying and storage in ambient or at 4°C. Electrospinning is a simple, inexpensive 
and versatile process to form fibers in nano scale with super huge surface areas and 
also a fast way to evaporate solvent in seconds without destruction of polymer 
structures. 



 
 
 
These unique features ensure the potential applications of electrospun phage-
composite nanofibers for storage phage in dry phase with protectant and easy to 
delivery with such small volume and weight. 
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Unimolecular nanocontainers for siRNA delivery 

Jin Wang, wangj@bcm.edu.Deparment of Pharmacology, Baylor College of Medicine, 
Houston, TX 77030, United States 

The majority of nucleic acid-polymer complexes are formulated via self-assembly, a 
process that is often difficult to control and thus the desired nanoparticle properties are 
difficult to achieve. To address this issue we have synthesized a series of star polymers 
that act as unimolecular nanocontainers. We are able to precisely control the number of 
short nucleic acids (siRNA, dsDNA) that are complexed by a star polymer and obtain 
even single nucleic acid-single polymer molecule complexes. These well-defined star 
polymers are comprised of a cationic core and a neutral brush-PEG corona that insures 
colloidal stability. The nucleic acid-polymer complexes are well defined spherical 
particles with a narrow distribution (TEM, DLS) and are stable in PBS solution for days. 
The number of nucleic acid per nanoparticle was determined using single molecule 
spectroscopy. These very small nucleic acid delivery vehicles are expected to achieve 
deep tissue penetration and long blood circulation. 

COLL 198 



Multifunctional zirconium phosphate nanoparticles: Synthesis and applications 

Brian Mosby, brian.mosby@chem.tamu.edu, Agustín Díaz, Abraham 
Clearfield.Department of Chemistry, Texas A&M University, College Station, Texas 
77842, United States 

α-Zirconium phosphate nanoparticles were surface modified through reaction of the 
surface phosphate with several functional groups including silanes, epoxides, and 
isocyanates. Utilizing the well-known intercalation chemistry of ZrP in conjunction with 
surface chemistry multifunctional nanoparticles were synthesized that possess both a 
controlled interlayer and surface components. The successful synthesis of 
multifunctional nanoparticles was confirmed using powder X-ray diffraction, FTIR, TGA, 
NMR, XPS, and electron microprobe. The surface and interlayer functionality can be 
selected based on the desired application of the nanoparticles, the applicability of the 
systems will be displayed for applications such as photoinduced electron transfer and 
drug delivery among others. 
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Synthesis of a monodispersed N-phenylaminomethyl hybrid silica and its 
reinforcement in polyurethane nanocomposites 

Qiuhong Zhang, chemzqh@nju.edu.cn, Xudong Jia, Kai Xi.Polymer Science and 
Engineering, Nanjing University, Nanjing, Jiangsu 210093, China 

A novel N-phenylaminomethyl nanosphere was synthesized by one-step emulsion 
polymerization of N-phenylaminomethyltriethoxysilane templated by SDBS. The size of 
the functional nanosphere could be controlled from 40nm to 200nm by changing the 
addition of surfactant. 

 

 
 



It could be dispersed in a variety of organic solvents including THF, acetone, DMF and 
DMAC. AFM showed the functional nanosphere was not stable and turning to small 
particles during dispersion process. 

 

 
 

The nanosphere was mainly composed of fully condensed silsesquioxanes and a small 
quantity of partially condensed silsesquioxanes which was confirmed by 29SiNMR and 
MALDI-TOF MS. It was then introduced into polyurethane (PU) as a chemical cross-
linker. The high reactivity of nanosphere was investigated by means of ATR-IR and 
solid state Nuclear Magnetic Resonance (SSNMR). TEM and AFM showed that the 
functional nanosphere was nano-dispersed in PU matrix. The mechanical properties of 
nanosphere/PU nanocomposites were enhanced, which was reflected in DMA and 
tensile tests. 
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Supercritical fluid carbon dioxide deposition of uniform PbS nanoparticle films 
for energy transfer studies 

Joanna Wang1, jswang@uidaho.edu, Gail J Brown1, Chien M Wai2.  (1) AFRL/RXAN, 
Materials and Manufacturing Directorate, Wright Patterson Air Force Base, Dayton, OH 
45433, United States  (2) Department of Chemistry, University of Idaho, Moscow, ID 
83844, United States 

Lead sulfide (PbS) nanoparticles were synthesized in our lab with controllable and 
tunable sizes. Using supercritical fluid CO2 (scCO2) as a medium, PbS nanoparticles 
can be homogeneously deposited on surfaces of various substrates. The deposition of 
PbS QDs on carbon coated copper grids, into nano-structures in silicon substrate and 
formation of uniform PbS nanoparticle films on glass using scCO2 as a medium are 
described. An apparatus for depositing PbS nanoparticles on flat substrates employing 
scCO2 deposition method was specially designed. TEM images show that PbS 



nanoparticles can form uniform arrays on substrate surfaces using supercritical CO2, 
whereas benchtop solution deposition method usually displays non-uniform structures. 
Fluorescence spectra of PbS nanoparticles obtained from the close packed films 
prepared by the scCO2 method indicate effective fluorescence resonance energy 
transfer (FRET) between PbS nanoparticles of different sizes. This uniformity of scCO2 
deposited PbS films is suitable for studying optical properties and energy transfer 
phenomenon between quantum dots in the NIR region and the film texture is suitable for 
device integration. The film homogeneity in conjunction with the fluorescence results 
encourages further exploration of scCO2 formed PbS nanaoparticle films for optical 
applications, including high-intensity light emitters. 

COLL 201 

Investigation of photophysical and electrochemical properties of magic-sized of 
CdS nanocrystals 

Katie N Lawrence1, knlawren@iupui.edu, Sukanta Dolai1, Praneeth R. Nimmala2, 
Amala Dass2, Rajesh Sardar1.  (1) Department of Chemistry and Chemical Biology, 
Indiana University-Purdue University Indianapolis, Indianapolis, IN 46202, United 
States  (2) Department of Chemistry and Biochemistry, University of Mississippi, Oxford, 
Mississippi 38677, United States 

Colloidal semiconductor nanocrystals (NCs) have been the interest of many studies 
over the past two decades due to their applications in device fabrication, 
electrocatalysts, and medical diagnostics. Recent discovery of thermodynamically 
stable ultra-small nanocrystals (“magic-sized”) has provided the opportunity to 
understand their different properties at the molecular level. Herein we present the 
synthesis and purification of poly(ethylene glycol) thiolate-capped magic-sized CdS 
nanocrystals with distinct photophysical properties. These CdS NCs overcame solubility 
restraints by directly transferring from aqueous to organic mediums and showed a 
significant increase in peak sharpness when analyzed by high-resolution MALDI-TOF-
MS, which confirmed formation of (CdS)33,34 nanocrystals. The electrochemical 
properties of dissolved CdS nanocrystals were investigated in organic 
solvent/electrolyte medium by different voltammetric techniques. The nanocrystals 
displayed molecule-like HOMO-LUMO energy gap. The electrochemical features are 
strongly temperature, solvent, and capping-ligand thickness dependent. We also 
developed a working model of the energy level structure of the PEG-thiolate-capped 
(CdS)33,34 nanocrystals. 

COLL 202 

Adsorption of anthocyanins onto alumina 

Henry D Schreiber, HS@vmi.edu, Rachel J Sing, Julia Hotinger.Department of 
Chemistry, Virginia Military Institute, Lexington, VA 24450, United States 



In acidic solution, anthocyanins typically exist as the red flavylium cation, although the 
blue quinoidal base anion for some anthocyanins can be stabilized when complexed 
with a molar excess of aluminum ions. Langmuir adsorption isotherms of anthocyanidins 
from an acidic ethanol solution onto activated alumina have shown that anthocyanidins 
such as peonidin (which do not complex with aluminum ions) undergo physical 
adsorption onto the alumina surface, while anthocyanidins such as delphinidin and 
cyanidin (which complex with aluminum ions) undergo chemical adsorption by 
complexing onto the surface as the quinoidal base anion. In the latter case, a red-
colored solution is in equilibrium with a blue-colored solid surface. The mode of 
adsorption was ascertained by calculation of the moles anthocyanin comprising the 
monolayer as well as of the enthalpy of adsorption, from which an estimate of the 
enthalpy of the anthocyanidin transformation and complexation was obtained. An 
extract of hydrangea sepals in acidic ethanol consists principally of delphinidin-3-
glucoside as the red flavylium cation. Similar to the adsorption of pure delphinidin onto 
alumina, Langmuir isotherms also provide evidence for chemical adsorption for this 
naturally occurring anthocyanin onto alumina. However, the alumina surface becomes 
green instead of blue from the stabilization of not only the blue quinoidal base anion of 
the anthocyanin but also complexes of other co-pigments. This adsorption mechanism 
shows potential for the stabilization of unique forms and colors of anthocyanins onto 
surfaces for use as, for example, natural food colorants. 

COLL 203 

Selective removal of Cu2+ and CrO4
2- from seawater by functionalized nanoporous 

sorbents 

Xinqing Chen1, Tsz Nok Ng1,2, Wai Kwong Ching1,3, jeffcwk@ust.hk, King Lun 
Yeung1,3,4.  (1) Department of Chemical and Biomolecular Engineering, The Hong Kong 
University of Science and Technology, Kowloon, Hong Kong Special Administrative 
Region of China  (2) Energy Technology Program, The Hong Kong University of 
Science and Technology, Kowloon, Hong Kong Special Administrative Region of 
China  (3) Environmental Engineering Program, The Hong Kong University of Science 
and Technology, Kowloon, Hong Kong Special Administrative Region of China  (4) 
Division of Environment, The Hong Kong University of Science and Technology, 
Kowloon, Hong Kong Special Administrative Region of China 

Heavy metals in marine environment are a worldwide concern due to their adverse 
impact on marine organisms and human health. Heavy metals in seawater have been 
traced to natural and anthropogenic sources with the latter becoming a more important 
contributor near coastal population centers. Indeed, seawater in many places has heavy 
metal levels that are toxic to marine life particularly near harbors. Heavy metals 
accumulate in the food chain and ultimately threaten the health of human population 
that is reliant on marine products for a third of its protein intake. This work investigates 
functionalized nanoporous sorbents for selective adsorption and removal of toxic heavy 
metals (i.e., Cu2+ and CrO4

2-) from seawater. Copper and chromium are leached from 



hull, paint and cladding in ships, wood and timber preservatives (e.g., copper chromated 
arsenate) in piers, and heat exchangers and pipes in seawater cooling installations. 

The mechanism of adsorptions of copper and chromium were investigated on 
mesoporous materials functionalized with amine-containing surface moieties. 
Perturbation in the lone pair electrons of the nitrogen in the amine group was used to 
tune the adsorption selectivity on the nanoporous sorbent. Experiments showed that 
this approach can led to design of selective nanoporous sorbent (S1) capable of 
removing better than 99 % of dissolve copper in real seawater with a Kd of 106. Similar, 
approach was used to develop a sorbent (S2) that selectively remove dissolved 
chromium >99% at a Kd of 106. Both sorbents are regenerated for reuse with an acid 
wash with no significant lost in adsorption capacity and selectivity. 
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Fluid fracture in comb polymer stabilized colloidal suspensions under shear 

Lisa R. Murray, lnielse@purdue.edu, Kendra A. Erk.School of Materials Engineering, 
Purdue University, West Lafayette, IN 47907, United States 

Concentrated magnesium oxide suspensions stabilized with commercial 
superplasticizers are used here to simulate cement pastes through the rheological 
properties that arise from interparticle interactions. The relationship between shear 
stress and 0.36 and 0.46 vol. fraction MgO suspensions was observed for the use of an 
anionic comb polymer superplasticizer (ADVA 190, 0.05 wt. %) ionically attached to the 
MgO particles. Suspensions that included sodium hydroxide salts in various 
concentrations further altered the shear stress of the colloidal suspension, as counterion 
screening of the charges along the comb backbone acted to reinforce the steric 
repulsion of the comb polymer. Above a critical value of applied shear rate, shear start-
up tests (constant shear rate) displayed a shear overshoot (see Fig. 1) before reaching 
a plateau. This effect was observed for suspensions regardless of the use of salts. The 
“overshoot” is thought to be an indication of fluid fracture, which may have resulted from 
a disturbance in friction between comb branches of the superplasticizer. Therefore, the 
shear stress plateau which followed the overshoot is believed to be a measure of friction 
stress in the system. These findings will be used to relate the comb polymer structure to 
the shearing behavior of the suspension and may lead to a better understanding of 
cement superplasticizer's role in stabilizing cement pastes and reducing viscosity. 
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Multilevel antimicrobial filter for bioaerosol capture and disinfection 

Yue Tak Lai1, Kei Bo Cheung2, Hong Hang Leung2, Wei Han2, Siu Ming Kwan2, 
kekming@ust.hk, King Lun Yeung1,2.  (1) Division of Environment, The Hong Kong 
University of Science and Technology, Kowloon, Hong Kong Special Administrative 
Region of China  (2) Department of Chemical and Biomolecular Engineering, The Hong 
Kong University of Science and Technology, Kowloon, Hong Kong Special 
Administrative Region of China 

Filtration is effective in removing airborne particulates and microorganisms (i.e., 
bioaerosols). However, microorganisms captured on the filter media can remain viable 
for long period of time and could contribute to secondary pollution through emission of 
microbial VOCs and spores. Microbial growth on filter can also occur under specific 
conditions increasing the risk of air recontamination by pathogens. This work 
investigates a multilevel antimicrobial coating for air filtration media based that exhibits 
“contact-killing”, “release-killing” and “anti-adhesion” properties. The coatings remain 
stable at elevated temperatures and can maintain a log 2.5 reduction in viable bacteria 
in 10 minutes over a period of at least 1 year. Organic-inorganic hybrid encapsulant was 
used to store and control the release of volatile biocide (i.e., chlorine dioxide). The 
biocide capsules are formed upon spray-deposition on the surface of the fibrous filter 
forming a uniform surface deposition without affecting the filtration properties. The 
capsule surface was decorated with contact killing biocides and the encapsulant 
formulation incorporate anti-adhesion component that prevents biofilm formation. 
Spectroscopic evidence along with biological assays indicated that the antimicrobial 
mechanism is predominantly through ROS route with cell membrane peroxidation being 



the primary cause of cell inactivation. Catalytic process is believed to play an ancillary 
role in the ROS generation. 
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Template-based electrochemical deposition of Ni nanotubes 

Lauren M. Graham1, grahaml@umd.edu, Sung-Kyoung Kim1, Seung Il Cho1, Sang Bok 
Lee1,2.  (1) Department of Chemistry and Biochemistry, University of Maryland, College 
Park, MD 20742, United States  (2) Graduate School of Nanoscience and Technology, 
Korea Advanced Institute of Science and Technology, Daedeok Science Town, 
Daejeon, Republic of Korea 

Nickel nanotubes offer unique chemical and magnetic properties, in addition to an 
increased surface area compared to their nanowire counterparts. As a result, they show 
great promise for applications in nanoelectronic devices, catalysis, and information 
storage. We synthesized nickel nanotubes in nanoporous aluminum oxide membranes 
via electrochemical deposition. The growth mechanism was investigated by altering 
experimental conditions, such as applied potential and electrolyte species. It was 
determined that the surface-directed growth of the nanotubes is greatly controlled by 
electrolyte composition. 
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Preparation of PvdF nanofiber/magnetite graphene oxide composite membrane 
and its arsenic removal property 

Hyemin Jung1, cherry8955@kmu.ac.kr, Wongi Jang1, Weidong Chen1, Hyeongrae 
Lee1, Jaehan yun1, Wooseok Yang2, Hongsik Byun1.  (1) Depratment of Chemical 
System Engneering, Keimyung University, Daegu, Republic of Korea  (2) Electronic 
Materials and Device Research Center, Korea Electronics Technology Institute, 
Sungnam, Republic of Korea 

This report describes a highly simple arsenic removal system consisting of a PVDF 
nanofiber/M-rGO composite membrane (NMG) prepared by electrospinning of a mixture 
of poly (vinylidene fluoride) (PVdF) and magnetite-reduced graphene oxide (M-rGO). 
The successful preparation of NMG was thoroughly examined by electron microscope, 
Raman spectroscopy, and X-ray diffraction. In addition, pore properties, water 
permeability and arsenic removal property of NMG were investigated for possible waste 
water treatments. While M-rGO can be used by mixing it with waste water to remove 
arsenic ions, this system often requires a subsequent separation process. Our NMG 
system, however, can remove arsenic ions by a simple filtration process and arsenic 
removal performance is comparable to that of M-rGO system. 
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Triggered in situ disruption and inversion of nanoparticle-stabilized droplets 

Irem Kosif, ikosif@mail.pse.umass.edu, Mengmeng Cui, Thomas P Russell, Todd 
Emrick.Polymer Science and Engineering, University of Massachusetts Amherst, 
Amherst, MA 01003, United States 

In this poster, the preparation of gold nanoparticles and CdSe quantum dots decorated 
with ligands containing tetrahydropyran as an acid-labile chain-end is described. These 
ligand-tailored nanoparticles were utilized to prepare water-in-oil (w/o) emulsions, and 
the wettability change upon deprotection is utilized in disruption, and in-situ inversion, to 
oil-in-water (o/w) systems simply by lowering the pH and adjusting the o/w ratio. Using a 
photo acid generator (PAG) enabled a photo-triggered inversion. The rate of emulsion 
disruption was sensitive to the tetrahydropyran substitution pattern, with the methoxy-
substituted version giving a more rapid response to external stimuli. 
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Novel surface engineering for enhanced tumor cell capture and its validation 
using human blood 

Ja Hye Myung1, jmyung4@uic.edu, Khyati A Gajjar1, Jihua Chen2, Robert E Molokie3, 
Seungpyo Hong1.  (1) Department of Biopharmaceutical Sciences, University of Illinois 
at Chicago, Chicago, IL 60612, United States  (2) Center for Nanophase Materials 
Sciences, Oak Ridge National Laboratory, Oak Ridge, TN 38831, United States  (3) 
Department of Medicine, University of Illinois at Chicago, Chicago, IL 60612, United 
States 

Multivalent interactions, simultaneous binding of multiple ligands toward their multiple 
receptors, commonly occur in physiological and pathological events, which have been 
utilized to enhance targeting efficacy. The multivalent binding can be leveraged to 
develop an extremely sensitive device for detection of rare cells such as circulating 
tumor cells (CTCs). Although CTCs have shown great potential to be used as a clinical 
indicator for cancer progress and metastasis, development of reliable CTC detection 
from peripheral blood specimens remains a challenge due to extreme rarity and 
heterogeneity of CTCs. We engineered a novel micropatterned surface to capture the 
rare tumor cells through a multivalent binding effect using poly(amidoamine) (PAMAM) 
dendrimers. PAMAM dendrimers have been reported as an excellent multivalent binding 
mediator due to their deformability and multiple functional groups. PAMAM dendrimers 
were conjugated with antibodies against several surface markers, such as epithelial cell 
adhesion molecule, human epidermal growth factor receptor-2, and prostate specific 
antigen, which are known to express heterogeneously on various types of cancer cells. 



Surface immobilization of the dendrimer-antibody conjugates resulted in a significantly 
enhanced tumor cell detection than the surfaces with the linear PEG-antibody 

conjugates by ∼1.6 fold with higher binding stability over agitation (up to 15.2-fold). The 
enhancement was further increased up to 7-fold with addition of E-selectin that induced 
concurrent cell rolling to recruit flowing cell to the surface and multivalent binding under 
flow. These surfaces were then tested using in vitro tumor cells as CTC models, such 
as MDA-PCa-2b, MCF-7, and MDA-MB-361, spiked in human blood. Using the 
multipatterned surfaces, high capture efficiency (up to 82%) and purity of the captured 
tumor cells (around 90%) were achieved. These results support that our novel surface 
platform has a great potential to achieve sensitive detection of tumor cells, which has 
great potential for clinically significant detection of CTCs. 
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Control of structure in self-assembled films through architecturally-and 
compositionally-complex block copolymer surfactant mixtures 

Xu Wang1, wxu@ion.chem.utk.edu, Jesse Davis1, Juan Pablo Hinestrosa2, Jimmy W. 
Mays1,2, S. Michael Kilbey II1,2.  (1) Department of Chemistry, University of Tennessee, 
Knoxville, TN 37996, United States  (2) Center for Nanophase Materials Sciences, Oak 
Ridge National Laboratory, Oak Ridge, TN 37831, United States 

The self-assembly behaviors in thin films formed from surfactant-like polystyrene–
poly(2-vinylpyridine) (PS–PVP) block copolymers with varying molecular architecture 
and composition, including their binary mixtures, have been systematically studied. The 
constituent block copolymers have been synthesized by living anionic polymerization, 
affording control of their architecture and composition. In general, ensembles consisting 
of monomodal PS–PVP block copolymers exhibit simple nanoparticle-like structures 
(spherical micelles). In contrast, as shown in Figure 1, mixtures of PS–PVP block 
copolymers with different molecular architectures – including diblock/triblock, 
diblock/star and triblock/star copolymer pairs – produce various micellar aggregates 
with particle-like, worm-like or hierarchical structures, owing to the complex architecture-
induced diversity of microphase segregation behaviors in the mixed systems. Moreover, 
the fine-scale structure of these micellar aggregates can be further controlled by 
adjusting the blend composition. The present study clarifies the self-assembly 
properties of these block copolymer in thin films form and how the aggregate structure 
can be controlled through architectural and compositional variations. These themes are 
expected to be valuable for manipulating or directing the organization of surfactant-like 
block copolymer constructs through self-assembly processing. 



 

 
 

Figure 1. Atomic force microscopy images (2 µm × 2 µm) of the films with particlelike 
(a), wormlike (b) and hierarchical (c) structured micellar aggregates made from PS–PVP 
block copolymer binary mixtures. 

COLL 211 

Determination of aqueous-colloidal interfacial polarity using surface selective 
second harmonic generation spectroscopy 

Ethan T Toombs, ettoombs@bsu.edu, Mahamud Subir.Department of Chemistry, Ball 
State University, Muncie, Indiana 47306, United States 

Solvent polarity of a medium is an important physical property that impacts the 
interaction between the solvent and the solute molecule. The polarity of a solvent can 
be empirically determined through many techniques. However, the polarity at the 
surfaces of particles, dispersed in bulk liquid, is not well understood. Knowledge of 
particle surface polarity is important in the realm of nanotechnology, aerosol chemistry, 
and drug delivery because processes such as adsorption and reactions are influenced 
by surface polarity. We have applied the surface selective spectroscopic method of 
second-harmonic generation (SHG), with a solvatochromic dye molecule as a polarity 
indicator, to probe the polarity of aqueous-colloidal interface. We demonstrated that 4-
[[(5-methoxyphenyl)-2oxazoly] pyridinium methane sulfonate] (PyMPoMEMs), which 
adsorbs to the surface of polystyrene based particles and yield strong SHG signal, is a 
good polarity indicator by comparing its solvatochromic behavior with that of other well-
known solvatochromic dyes that do not adsorb to the colloidal particles investigated. 
PyMPO-MeMs exhibits spectral shift with varying solvent polarity and thus from its 
surface SHG spectra the polarity of the aqueous-colloidal interface has been inferred for 
both charged and neutral polymer based particles. Our results suggest that interfaces of 
these colloids exhibit marked differences in polarity compared to the polarity of the 



corresponding bulk solvent. This study opens up the possibility to determine interfacial 
polarity of numerous colloidal particles omnipresent in the environment. 
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Effect of the reaction conditions on powder X-ray diffraction patterns and 
nitrogen adsorption of hexane BPS materials 

Derong Lin1, Lijiang Hu1, yuhu0104@hit.edu.cn, Hong You1, Douglas Loy2.  (1) State 
Key Laboratory of Urban Water Resource and Environment, Department of Chemistry, 
Harbin Institute of Technology, Harbin, China  (2) Department of Matearials Science 
and Engineering, University of Arizona, United States 

Periodic mesoporous hexane bridged silsequioxane (BPS) materials (consisting of 
hexane groups in the framework) were synthesized by the sol-gel method under basic 
conditions. Hexane BPS materials were synthesized by condensation of 1, 6 -
bistriethoxysilylhexane (BESH). Cetyltrimethylammonium bromide (CTAB) and N-(3-
trimethyl-ammoniumpropyl)hexadecylammonium dibromide (C16-3-1) were used as the 
structure-directing template. FTIR results confirmed the formation of hexane BPS 
materials and showed that the surfactant was removed by solvent extraction. Powder 
powder X-ray diffraction (XRD) and nitrogen adsorption data indicated that the 
mesophase and textural properties of the materials are dependent on the reaction 
conditions (i.e. ageing duration, ageing temperature, amount of silica precursor(s), et 
al). Cubic mesophases were identified using powder X-ray diffraction. When solvent 
xtraction is prolonged, the BET surface area and the pore volume increase, while the 
average pore diameter decreases. Materials with more dominant XRD structural 
features and larger d values, higher surface areas, lower pore volumes and average 
pore diameters are obtained when low ageing temperatures are used. 
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Tuning the LSPR sensitivity of metallic nanostructures by controlling their 
surface ligand chemistry: Efficient molecular device fabrication 

Gayatri K Joshi1, gkjoshi@iupui.edu, Kimberly A Smith1, Joanna Patterson1, Merrell 
Johnson2, Rajesh Sardar1.  (1) Department of Chemistry and Chemical Biology, Indiana 
University Purdue University Indianapolis, Indianapolis, IN 46202, United States  (2) 
Department of Physics, Indiana University Purdue University Indianapolis, Indianapolis, 
IN 46202, United States 

Development of ultra-sensitive sensors utilizing the unique optical properties of metallic 
nanostructures is an active research area. The performance of such sensors depends 
on the size of nanostructures, their surface ligand chemistry, and the electric permittivity 
of the supporting substrate. Herein we present the fabrication of localized surface 
plasmon resonance (LSPR)-based “self-assembled sensors” utilizing the unique optical 
property of gold nanoprisms. For the first time, we have shown that the surface ligand 



chemistry strongly influenced the LSPR properties. The LSPR dipole peak of gold 
nanoprisms was tuned by modifying their surface with para-substituted thiophenols. The 
electron donating and withdrawing properties of the functional group present at the para 
position in the benzene ring dramatically influenced the LSPR properties and refractive 
index sensitivity. We have developed a highly sensitive molecular sensor by 
functionalizing the nanoprisms with a self-assembled monolayer of alkylthiols containing 
azobenzenes. The reversible photoswiching of azobenzene was studied by monitoring 
the LSPR peak shift of gold nanoprisms by absorption spectroscopy and surface 
enhanced Raman spectroscopy (SERS). The LSPR peak shift was found to be 
reversible as the light source was switched back and forth several times from UV to 
visible light. The reversible photoswitching of azobenzene-functionalized gold 
nanoprisms demonstrates their potential as ultra-sensitive molecular sensors for a 
broad range of applications from nanoelectrochemical systems to medicine. 

COLL 214 

Water-based extraction of catechins from green tea and their antioxidant capacity 
measurement via the formation of gold nanoparticles 

Chase A Brackemyer, cabrack@ilstu.edu, Jamie B Sullivan, Jun-Hyun 
Kim.Department of Chemistry, Illinois State University, Normal, IL 61790-4160, United 
States 

This study describes various strategies to optimize the extraction of catechins [in 
particular, epigallocatechin gallate (EGCG)] from green tea in aqueous solution. The 
concentration of EGCG as a function of size of the green tea leaves and brewing time 
upon the treatment of agitation, sonication, filtration, and centrifugation was examined 
by high performance liquid chromatography. Among these approaches, the agitation of 
small size of tea leaves was found to be the most effective and fastest method to extract 
a high concentration of EGCG. Since EGCG in green tea is a major compound and 
possesses various health benefits ranging from relieving stress to anti-oxidant, anti-
allergy, and anti-carcinogenicity properties, presenting an effective extraction method 
utilizing commonly accessible household tools can allow for many green tea consumers 
to take advantage of their consumption. In addition, the anti-oxidant capacity of green 
tea extract was evaluated via the seed growth process of gold nanoparticles. 
Systematical growth of gold nanoparticles as a function of green tea extract 
concentration clearly suggested the concentration-dependent antioxidant capacity. 
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Synthesis and use of epoxy phosphonate ester as a coupling agent for metal 
oxide interfaces 

R. A. A. Upul Ranaweera, ranaweerar@mst.edu, Nicholas Jentsch, Thomas P 
Schuman.Department of Chemistry, Missouri University of Science and Technology, 
Rolla, Missouri 65401, United States 



A phosphonate organic monomer, O,O-diethyl oxiran-2-ylmethylphosphonate ester 
(DEOMP) was synthesized by an Arbuzov reaction and purified. DEOMP was applied 
via an in situ hydrolysis process for the surface modification of metal oxide 
nanoparticles. The surface modified nanoparticles provide improved wetting, dispersion, 
and strength through surface coupling with epoxy monomer-polymer formulations. The 
objective was to determine competition between the ligand adsorption resulting in 
surface modification of the nanoparticles process vs. undesired phosphonic acid-
catalyzed epoxide ring opening during the modification process during the overall ester 
hydrolysis-phosphonate surface adsorption modification process. 
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Extended stability of anisotropic gold nanoparticles by poly(N-
isopropylacrylamide) nanoparticles 

Phakkhananan Pakawanit1, phakkhananan@gmail.com, Jiayun Hu1, Hongsik Byun2, 
Jun-Hyun Kim1.  (1) Department of Chemistry, Illinois State University, Normal, IL 
61790-4160, United States  (2) Department of Chemical System Engineering, Keimyung 
University, Daegu, Republic of Korea 

A simple synthetic method is proposed to stabilize anisotropic gold nanoparticles 
possessing a strong and broad absorption band in the presence of cross-linked poly(N-
isopropylacrylamide) nanoparticles. The structural properties and the stability of the 
composite materials were thoroughly characterized by UV-visible spectrophotometer, 
scanning and transmission electron microscopes, and dynamic light scattering, infrared 
spectrometer, and Raman spectroscopy. The extended stability of these anisotropic 
nanoparticles was presumably achieved by van der Waals interactive forces between 
the gold and polymer nanoparticles. Due to the strong absorption property and high 
surface-to-volume ratio, these nanocomposites showed fast reversible structural volume 
changes upon exposure to broad band light. As such, these composites may serve as 
an excellent template for the development of photothermally triggered delivery systems. 
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Layer-by-Layer coatings on gold nanoparticles: Polyelectrolyte properties and 
cellular interactions 

Eva-Christina Wurster, eva-christina.wurster@ur.de, Johannes Thoma, Renate Liebl, 
Achim Goepferich, Miriam Breunig.Department of Pharmaceutical Technology, 
University of Regensburg, Regensburg, Germany 

The transport of therapeutic nucleic acids to living cells always needs a potent delivery 
system. Therefore we developed a straightforward gene carrier on the basis of the 
layer-by-layer technique (LbL)[1]: Negatively charged nucleic acids (dsDNA or siRNA) 
are electrostatically embedded between two polycationic polymers and supported by a 
gold nanoparticle core .  



 

 
 

After identifying the optimal nanoparticle size for cellular uptake and delivery efficacy[2], 
we now address the influence of various polymeric materials. Gold nanoparticles are 
coated in a three layer build-up with Polyethylenimine (PEI, 25 kDa branched), 
Polydiallyldiammoniumchloride (PDADMAC, 15 kDa) or Polyallylamine hydrochloride 
(PAH, 15 kDa), each in combination with nucleic acids. The extent of particle uptake by 
HeLa cells is determined by a photometric method as well as efficiency of siRNA 
delivery. Those biological effects are correlated with the different polymer structures, 
charge densities and physical interactions. 

[1] A. Elbakry, A. Zaky, R. Liebl, R. Rachel, A. Goepferich, M. Breunig, Nano Lett 2009 , 
9, 2059–2064 

[2] A. Elbakry, E.-C. Wurster, A. Zaky, R. Liebl, E. Schindler, P. Bauer-Kreisel, T. Blunk, 
R. Rachel, A. Goepferich, M. Breunig, Small 2012 , 8, 3847–3856 
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Corrosion inhibition efficiency of modified silver nanoparticles for carbon steel in 
1 M HCl 

Hamad A Al-Lohedan, hlohedan@ksu.edu.sa, Gamal A El-Mahdy, Ayman M 
Atta.chemistry, king saud university, riyadh, riyadh 11451, Saudi Arabia 

A simple method was applied to prepare coated silver nanoparticles with polymerizable 
surfactants. In this respect, Noigen R-N10 was modified by esterification with maleic 
anhydride. The produced surfactant was used as dispersing agent for silver 



nanoparticles, which prepared from AgNO3. The size and the morphology of the 
nanoparticles have been examined by conventional and high-resolution transmission 
electron microscopy. The prepared silver nanoparticles has size ranging from 25 to 80 
nm, while the diameters ranging from 2 to 18 nm The prepared silver nanoparticles 
have been employed as corrosion inhibitor for carbon steel in 1M HCl solution using 
electrochemical impedance spectroscopy (EIS) technique. EIS data indicated that silver 
nanoparticles reduced drastically the corrosion rate of carbon steel and exhibit good 
performance as well as barrier property against the corrosion in HCl solution. 
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Using smart polymers to regulate DNA-mediated nano assembly and encoded 
nanocarrier drug release 

Kristen Hamner, klhamner@syr.edu, Colleen Alexander, Kaitlin Coopersmith, Mathew 
M. Maye.Department of Chemistry, Syracuse University, Syracuse, New York 13244, 
United States 

In this presentation we describe the use of a temperature responsive polymer to 
regulate DNA-interactions in both a DNA-mediated assembly system, as well as a DNA 
encoded drug delivery system. A thermo-responsive pNIPAAm-co-pAAm polymer, with 
a transition temperature (TC) of 51oC was synthesized with thiol modification, and 
functionalized with gold nanoparticles containing single stranded oligonucleotides 
(ssDNA). The thermo-responsive behavior of the polymer allowed for regulating the 
accessibility of the sequence-specific hybridization between complementary DNA 
functionalized AuNPs, where at T < TC the polymer was hydrophilic and extended, 
blocking interaction between the complementary sequences at the periphery of the 
hydrodynamic diameter. In contrast, at T > TC, the polymer shell undergoes a 
hydrophilic to phobic phase transition and collapses, shrinking below the outer ssDNA, 
allowing for the sequence-specific hybridization of the complementary particles. The 
potential application of this dynamic interface design for drug delivery is shown, in which 



the chemotherapy drug doxorubicin (DOX) is bound to double-stranded DNA (dsDNA) 
functionalized AuNPs whose sequences are known to be high affinity intercalation 
points for it. The presence of the polymer capping is shown to decrease drug release 
kinetics and equilibrium at T < TC, but increase release at T > TC, thus improving the 
cyctoxicity of the encoded nanocarrier design. 

COLL 220 

Stepwise assembly of multicolor qdot clusters using a DNA-mediated approach 

Kaitlin Coopersmith, kcoopers@syr.edu, R. Davon Slaton, Hyunjoo Han, Mathew M. 
Maye.Department of Chemistry, Syracuse University, Syracuse, New York 13244, 
United States 

In this presentation we describe the preparation of multi-color quantum dot clusters. 
Using purpose-built CdSe/ZnS quantum dots and rods modified with single stranded 
oligonucleotides (ssDNA), clusters with defined stoichiometry and emission 
wavelengths were constructed by DNA mediated interactions. To control stoichiometry 
and to improve assembly yields, the clusters were assembled and released in a step-
wise manner at a colloidal solid support. The clusters optical characteristics were 
characterized by fluorescence spectroscopy and microscopy, and FRET analysis was 
utilized to probe energy transfer within the clusters. The cluster morphology and 
hydrodynamic properties were characterized by TEM and DLS, respectively. The use of 
these clusters for sensing and multi-color multiplexing will also be discussed. 

COLL 221 

Study on release mechanism of insulin from W/O/W multiple emulsions in 
different mediums 

Huixian Wei, 390168576@qq.com.School of Chemical and Material Engineering, 
jiangnan university, wuxi, jiangsu 214122, China 

Release mechanisms of insulin from the internal phase of W/O/W multiple emulsions in 
different release mediums were studied in present work. A noval release mechanism of 
rupture of the oily membrane resulting from enzymatic hydrolysis of surfactant in 
artificial intestinal fluid was proposed. Multiple emulsions loading insulin were mixed 

with different release mediums and incubated in 37℃ bath for 8 hours. Insulin amounts 
in the internal aqueous phase of the remained oily droplets and in the release mediums 
at different incubation time were analyzed by HPLC respectively. The ratios of insulin 
remained in the oily droplets were used to calculate release rates at different incubation 
time and quantity of insulin in the release mediums were used to evaluate the effect of 
protease inhibitor to protect released insulin from protease degradation. Release rate of 
insulin from W/O/W multiple emulsions incubated in artificial intestinal fluid was distinctly 
faster than that incubated in iso-osmosis release medium (water) and hyper-osmosis 
release medium (phosphate buffer). Microscopic observation confirmed release 



mechanism is rupturing of the oily membrane resulting from enzymatic hydrolysis of 
surfactants. Insulin released into artificial intestinal fluid would be hydrolyzed 
immediately by proteases. Addition of protease inhibitor would improve the stability of 
this sensitive polypeptide drug by inhibiting enzymatic hydrolysis. 

COLL 222 

Preparation and characterization of stratified colloidal silica 

Cornelia Rosu1,2, crosu1@tigers.lsu.edu, Rafael Cueto1,2, Paul S Russo1,2.  (1) 
Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, United 
States  (2) Macromolecular Studies Group, Louisiana State University, Baton Rouge, LA 
70803, United States 

Sol-gel silica, synonymous today with Stöber silica, has received increased interest 
because of its many applications. Particles prepared through a modified Stöber 
procedure were found to sediment in layers over time. Each layer had monodisperse 
particles capable of packing in 2D zig-zag and hexagonal arrays. In order to investigate 
the colloidal stability, the stratified silica was monitored over a longer period of time. 
Techniques such as dynamic light scattering, DLS, transmission electron microscopy, 
TEM, and asymmetric flow field flow fractionation (AF4) were used to evaluate the 
particle size. AF4 proved to be a reliable and high-resolution tool to fractionate the 
stratified colloid. Upon storage in the initial, slightly basic condition, particles changed 
their morphology, yielding novel mesoporous structures as a result of etching. This work 
was supported by the Grants DMR-1005707 from the National Science Foundation. 
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Self-assembly of multilayered, bi-organic supramolecular surface architectures 

Daniel Skomski, dskomski@indiana.edu, Steven L. Tait.Chemistry, Indiana University - 
Bloomington, Bloomington, IN 47405, United States 

Application of self-assembly strategies to complex, organic-based devices requires 
fabrication of many-layered architectures from multiple organic species. Interfacial 
organic layers (IOLs) at the metal interface hold promise for the extension of 
supramolecular self-organization towards the multilayer regime, an area of surface 
assembly that had been insufficiently explored up to now. IOLs may enable the 
propagation of highly-ordered 2D supramolecular structure at the surface into the third 
dimension, thus enabling programmable, crystalline organic films. We illustrate via 
scanning tunneling microscopy (STM) that complex carboxyl and thiophene species can 
be self-assembled with atomic precision on top of a metal-templated IOL, even though 
the species are chemically unstable or do not form periodic structures when deposited 
directly onto the metal. Cooperative pi stacking and ionic hydrogen bonding interactions 
are shown to afford highly effective ordering, dense packing, and surface 
commensuration of the multilayer patterns. We provide the first sub-molecular resolution 



STM images of the phenyl-thiophene pi stacking interaction at a surface. In addition to 
yielding more complex architectures, the IOL decouples the organics from direct 
interactions with the metal surface, thereby protecting the species from metal-catalyzed 
degradation. We show that the IOL is robust against diffusion of other organic species 
towards the metal interface, and can be healed of such defects. The results provide new 
strategies to achieve long-range self-assembly of complex molecular species 
incorporating technologically-relevant functional groups.  
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Fabrication of multifunctional adducts of Fe3O4 magnetic nanoparticles and Cu-
In-S based quantum dots 

Liming Huang, huang@medicine.nevada.edu, Xiaoshan Zhu, 
xzhu@unr.edu.Department of Electrical and Biomedical Engineering, University of 
Nevada, Reno, Reno, NV 89557, United States 

Magnetic-fluorescent (MF) multifunctional materials have been paid more attention 
because of the promising application in biological and biomedical fields including 
bioimaging, drug delivery, and bioseparation. In this presentation, we describe the 
fabrication of new multifunctional MF adducts consisting of Fe3O4 magnetic particles 
(MPs) and Cu-In-S based quantum dots (QDs). Monodispersed Fe3O4 MPs with 
controlled sized (6 to 10 nm) were synthesized using thermal decomposition at a high 
temperature (300 °C) and high quality Cu-In-S based QDs with tunable colors in the 
range of green to NIR were synthesized by thermal decomposition using DDT as a 
stabilizing ligand and S-source. Then water-soluble MPs with free amino groups and 
QDs with carboxylic acid groups were generated after the surface ligand exchange. MF 
adducts can be easily fabricated after EDC-mediated coupling reaction in an aqueous 
buffer (PBS or MES). The optical properties and magnetic properties of these MF 
adducts were investigated using UV-vis spectroscopy, fluorescence spectroscopy, and 
magnetic resonance imaging (MRI). 

COLL 225 



Molecular interactions between lecithin and bile salts/acids in oils and their 
effects on reverse micellization 

Ching-Wei Njauw1, Chih-Yang Cheng1, Viktor A. Ivanov2, Alexei R. Khokhlov2, Shih-
Huang Tung1, shtung@ntu.edu.tw.  (1) Institute of Polymer Science and Engineering, 
National Taiwan University, Taipei, Taiwan Republic of China  (2) Faculty of Physics, 
Moscow State University, Moscow, Russian Federation 

It has been known that the addition of bile salts into lecithin organosols induces the 
formation of reverse wormlike micelles and the worms are similar to long polymer 
chains which entangle each other to form viscoelastic solutions. In this study, we further 
investigated the effects of different bile salts and bile acids on the growth of lecithin 
reverse worms in cyclohexane and n-decane. We utilized rheological and small-angle 
scattering techniques to analyze the properties and structures of the reverse micelles. 
All the bile salts can transform the originally spherical lecithin reverse micelles into 
wormlike micelles and their rheological behaviors can be described by the single-
relaxation time Maxwell model. However, their efficiencies to induce the worms are 
different. In contrast, bile acids can only induce short cylindrical micelles before phase 
separation that are not long enough to impart viscoelasticity. We used Fourier transform 
infrared spectroscopy to investigate the interactions between lecithin and bile salts/acids 
and found that different bile salts/acids employ different functional groups to form 
hydrogen bonds with lecithin. Such effects determine the relative positions of the bile 
salts/acids in the headgroups of lecithin and thus results in varying efficiencies to alter 
the effective critical packing parameter for the formation of wormlike micelles. This work 
highlights the importance of intermolecular interactions in molecular self-assembly. 

COLL 226 

Toward rational design of polyelectrolyte-surfactant complexes: Interaction, 
rheology, and microstructure 

Dongcui Li1, dongcui@udel.edu, Norman J. Wagner1, Beth A. Schubert2.  (1) 
Department of Chemical & Biomolecular Engineering, University of Delaware, Newark, 
DE 19716, United States  (2) Department of Research & Development, The Procter & 
Gamble Company, Cincinnati, OH 45224, United States 

The search for an effective approach for designing coacervating systems comprised of 
polyelectrolyte (PE) and oppositely charged surfactant is a long-standing topic of both 
fundamental science and applied research. In such mixtures, an associative phase 
separation (coacervation) leads to formation of a concentrated phase containing PE-
surfactant complexes (PSCs), in equilibrium with a solution containing simple counter 
ions. These PSCs exhibit a variety of appealing supramolecular structures (e.g., 
hydrogels, liquid crystals, solid precipitates) and unique properties (e.g., mechanical, 
adhesive, electric-optical), and therefore are broadly found in products such as foods, 
cosmetics and pharmaceutics. 



The goal of this study is to establish an efficient and engineered methodology for a 
“predictable design” of coacervation materials with industrial desired structural or 
rheological properties. To achieve this, the interplay of electrostatic force and 
hydrophobic force has been examined systematically in many bio-relevant and 
industrial-product based coacervating formulations, from where we demonstrated a 
universal squared power dependency that correlates the interaction parameter obtained 
from titration microcalorimetry measurements to the primary material chemistries. This 
semi-empirical interaction-chemistry relationship allows for an effective methodology to 
estimate the interactions in many coacervating systems directly from the constituent's 
chemistry. Further correlations between this interaction parameter, PSC microstructure 
and rheological properties are developed. Through a combination of small-angle 
neutron scattering and small-angle x-ray scattering measurements, highly ordered 
structures including hexagonal packed cylinders, lamellar sheets were found in strong 
binding systems, whereas homogenous spherical micelles were detected in weakly 
interacting mixtures. The rheological properties of the coacervate are measured by both 
bulk rheology and nano-indentation atomic force microscope measurements. It is shown 
how these coacervate properties depend on the interaction parameter, and thus, on the 
PE's charge density and surfactant's hydrophobicity. This study aims to promote the 
rational formulation of a wide variety of coacervates of potential use in consumer 
products and biomedicines. 
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Facile synthesis of Pd-Ir bimetallic octapods and nanocages via galvanic 
replacement and their application for hydrazine decomposition 

Maochang Liu1,2, maochangliu1943@gmail.com, Yiqun Zheng3, Shuifen Xie1, Naixu 
Li1, Liejin Guo2, Younan Xia1,3.  (1) The Wallace H. Coulter Department of Biomedical 
Engineering, Georgia Institute of Technology and Emory University, Atlanta, GA 30332, 
United States  (2) International Research Center for Renewable Energy, State Key 
Laboratory of Multiphase Flow, Xi’an Jiaotong University, Xi'an, Shaanxi 710049, 
China  (3) School of Chemistry and Biochemistry, Georgia Institute of Technology, 
Atlanta, GA 30332, United States 

Binary noble-metal nanocrystals have been actively explored in recent decades. 
Compared to single-component nanocrystals, a combination of two different metals 
offers variants in spatial distribution of elemental composition and thus their 
physicochemical properties could be readily manipulated. Bimetallic nanostructures with 
a well-defined structure and morphology were often found to exhibit enhanced catalytic 
performance than their counterparts lacking a well-controlled structure and morphology. 

Here we describe a facile synthesis of Pd-Ir bimetallic nanostructures in the forms of 
octapods and nanocages. The success of this synthesis relies on the use of Pd 
nanocubes as the sacrificing templates and interplay of two different processes: the 
galvanic replacement between an Ir precursor and the Pd nanocubes and the co-
reduction of Pd2+ and Ir3+ by ethylene glycol. The galvanic replacement played a 



dominant role in the initial stage, through which Pd atoms were dissolved from the side 
faces whereas Ir atoms were deposited at the corner sites to generate Pd-Ir octapods. 
As the concentration of Pd2+ in the reaction mixture was increased, co-reduction of Pd2+ 
and Ir3+ occurred in the late stage of a synthesis. The resultant Pd and Ir atoms were 
deposited onto the octapods while the Pd atoms in the interiors continued to be etched 
away due to the galvanic replacement, finally leading to the formation of Pd-Ir 
nanocages. The octapods and nanocages were then evaluated as catalysts for the 
selective generation of hydrogen from the decomposition of hydrous hydrazine. The 
nanocages exhibited better selectivity for hydrogen generation than octapods (66% 
versus 29%), which can be attributed to their porous surface, hollow interior, as well as 
a relatively higher Ir/Pd ratio. 
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Synthetic exploration of highly ordered mesoporous silica using novel anionic 
gemini surfactants 

Lichen Xiu, xiu@chem.wisc.edu, Gregory P. Sorenson, Mahesh K. Mahanthappa, 
Song Jin.Department of Chemistry, University of Wisconsin - Madison, Madison, WI 
53706, United States 

Mesoporous silica materials are widely applied in different fields due to their large 
surface area, highly ordered structure, and outstanding hydrothermal stability. 
Comparing with the more well-studied cationic surfactants, anionic surfactants are 
drawing more interest as the template for mesoporous silica in the past decade, due to 
their unique morphologies and potential chiral properties after self-assembly, which are 
attractive for new ordered pore structures. [1] However, only single chain anionic 
surfactants (such as amino acids and their derivatives) have been utilized to synthesize 
mesoporous silica so far, which greatly limits the tunability of pores as a result of their 
similar molecular structure. Here, we explore novel anionic gemini carboxylate 
surfactants [2] as templates, to direct the growth of mesoporous silica. A variety of 
experimental parameters, such as temperature, concentration, ionic strength, etc., are 
investigated to control the self-assembled structures of surfactants, and the products of 
mesoporous silica. The mesostructures of the products are characterized by small angle 
X-ray scattering (SAXS) and transmission electron microscopy (TEM). 

[1]. Che, S.; Liu, Z..; Ohsuna, T.; Sakamoto, K.; Terasaki, O.; Tatsumi, T. Nature. 2004 , 
429, 281-284. 

[2]. Sorenson, G. P.; Coppage, K. L.; Mahanthappa, M. K. J. Am. Chem. Soc. 2011 , 
133, 14298−14931. 
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Real-time characterization of the atomic layer deposition of HfO2 on InAs with 
ambient pressure X-ray photoelectron spectroscopy 



Ashley R Head1, ashley.head@sljus.lu.se, Sofie Yngman1, Johan Knutsson1, Martin 
Hjort1, Jan Knudsen1,2, Joachim Schnadt1, Anders Mikkelsen1, Rainer Timm1.  (1) 
Division of Synchrotron Radiation Research, Department of Physics, Lund University, 
Lund, Sweden  (2) MAX IV Laboratory, Lund University, Lund, Sweden 

The atomic layer deposition (ALD) of materials with large dielectric constants on 
semiconductors affords a controllable method to grow high quality thin films, which are 
crucial for the downscaling of metal-oxide-semiconductor devices[1]. A better 
understanding of the thin film-substrate interface and the initial growth mechanism of 
the film is essential to improve device performance by decreasing the interface defect 
density. Interface quality typically has been characterized with X-ray photoelectron 
spectroscopy (XPS) after complete film deposition or individual ALD cycles[2,3]. In order 
to advance the mechanistic understanding of the initial growth of HfO2 on InAs by ALD, 
we have slowed the process and monitored the reactions in situ and in real-time by 
ambient pressure XPS[4], where the pressure during measurements was around 0.02 
mbar. Using Hf(N(CH3)2)4and water as precursors, the ligand exchange occurring in 
each half reaction is seen in the 1s spectra of C, N, and O. The core-level spectra of In, 
As, and O were monitored during three cycles of the ALD process to provide a time-
resolved study of the surface reactions. Observation of the As 3d ionization during the 
first half reaction between the hafnium precursor and the InAs surface shows that a 
sufficient amount of this Hf precursor needs to accumulate on the surface before the 
complete and nearly instantaneous reduction of the native arsenic oxide occurs. The 
detailed study of this surface chemistry advances the fundamental knowledge of the 
ALD mechanism and is an important prerequisite to achieve high quality devices. 

[1] Wallace, R. M., et al. MRS Bull. 2009 , 34, 493-503. 
[2] Hinkle, C. L. et al. Curr. Opin. Solid State Mater. Sci. 2001 , 15, 188-207. 
[3] Timm R., et al. Appl. Phys. Lett. 2010 , 97, 132904. 
[4] Schnadt, J., et al. J. of Synchrotron Radiat. 2012 , 19, 701-704. 
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Targeting of mesangial cells with ligand-conjugated quantum dots 

Robert Hennig1, Robert.Hennig@chemie.uni-regensburg.de, Klaus Pollinger1, Miriam 
Breunig1, Joerg Tessmar2, Achim Goepferich1.  (1) Department of Pharmaceutical 
Technology, University of Regensburg, Regensburg, Germany  (2) Department for 
Functional Materials in Medicine and Dentistry, University of Wuerzburg, Wuerzburg, 
Germany 

Mesangial cells represent one third of all cells in the glomerulus, where they build up the 
central stalk and regulate the turnover of the mesangial matrix [1]. Lately, mesangial 
cells emerged as an interesting target for drug delivery with nanoparticles because of 
their tremendous contribution to the pathogenesis of several glomerular diseases like 
diabetic or IgA nephropathy. In addition, mesangial cells can be passively targeted with 
nanoparticles smaller than 100 nm. This is possible due to the size of the endothelial 



fenestrations they are located behind [2]. Here we want to show a ligand-mediated 
targeting of rat mesangial cells with quantum dots (Qdots) coupled to angiotensin II, the 
physiological receptor agonist of the angiotensin II receptor type 1 (AT1). 

Amine-terminated Qdots were covalently labeled with an N-terminal thiolated 
angiotensin II derivative using the heterobifunctional linker sulfo-SMCC. To show that 
mesangial cells express a functional Gq-coupled AT1 receptor, intracellular calcium 
measurements were conducted using Fura-2AM. Angiotensin II itself as well as the 
modified Qdots displayed a strong intracellular calcium signal. In flow cytometry 
experiments the angiotensin II-modified Qdots exhibited a high binding to the mesangial 
cells that was displaceable with the AT1 receptor antagonist EXP3174. The binding of 
these ligand-coupled nanoparticles to receptor-negative cell lines was negligible. 
Additionally, confocal laser scanning microscopy revealed the uptake of the modified 
Qdots into vesicle-like structures, which is a prerequisite for nanoparticle delivery to 
cells. 

In conclusion we could show that ligand-modified Qdots can be used to target 
mesangial cells in vitro. The nanoparticles specifically bind the AT1 receptor and are 
taken up by the cells whereas off-target cells do not interact with the Qdots. 

[1] D. Schlöndorff et al., J. Am. Soc. Nephrol., 2009, 6, 1179–1187 

[2] C.H. Choi et al., Proc. Natl. Acad. Sci. U.S.A., 2011, 16, 6656–6661 

COLL 231 

How to probe membrane protein interactions with multifunctional colloids 

Yuan Gao, gaoyuan@indiana.edu, Yan Yu.Department of Chemsitry, Indiana University 
Bloomington, Bloomington, Indiana 47405, United States 

Cells communicate biological cues by trading chemical signals across the cell 
membranes. An in-depth understanding of how molecules interact on the membranes is 
little known at present yet fundamental to engineer and control cellular functions. 
Biomimetic and nanostructured materials can interact with the cell membrane and serve 
as probes into complex signaling network on the cell membrane. For example, magnetic 
particles and surface-patterned protein arrays have been used to manipulate 
spatiotempral dynamics of signaling pathways on the cell membrane. Among many 
other biomimetic materials developed to tailor cellular behavior, functionalized colloidal 
particles are of great potential. Particles, when functionalized with different chemical 
makeups, can integrate two or even more biomolecules into a single unit with distinct 
spatial distribution. In this report, the interactions between biomimetic multifunctional 
particles and human immune cells are systematically studied. We will demonstrate that, 
by the implementation of high-resolution fluorescence imaging and tracking analysis, 
multifunctional particles can be used as reporters of membrane protein interactions 
during cell signaling. 



COLL 232 

Formation of metal nanoclusters on a graphene moire pattern on Cu(111) 

Esin Soy, esinsoy2@gmail.com, Zhu Liang, Michael Trenary.Department of Chemistry, 
University of Illinois at Chicago, Chicago, Illinois 60607, United States 

Formation and growth of metal nanoclusters on a graphene covered metal substrate 
has been investigated by ultrahigh vacuum scanning tunneling microscopy (UHV-STM). 
For this purpose a graphene film was formed on the Cu (111) surface by the 
decomposition of ethylene at high temperatures. According to our results, isolated 
graphene islands were successfully grown on the Cu surface with different periodicities. 
Different rotational domains were observed as a result of weakly coupled Cu and 
graphene caused by the low C solubility in Cu. The two most prevalent moire patterns 
have periodicities of 5.2 and 6.3 nm with rotational angles of 0° and 1.5°, respectively. 
Subsequently, Rh and Pt nanoclusters were formed at room temperature on the 
template of a graphene moire pattern formed on Cu (111) surface. As confirmed by the 
height and size profiles, Pt formed spherical clusters with an average height of about 
1.2 nm and average diameter of approximately 5 nm due to the stronger Pt-Pt than Pt-C 
interaction. In contrast, Rh clusters display a planar structure with an average height of 
about 0.6 nm and average diameter of about 15 nm which indicates a stronger Rh-C 
than Rh-Rh interaction. Furthermore, the distance between neighboring Rh clusters 
seems to be the same as the moire perodicity. These results demonstrate that the 
metal-C and metal-metal interactions may play a significant role in the cluster formation 
and it is possible to fabricate finely dispersed metal nanoclusters on the moire structure 
of graphene covered Cu (111). 

COLL 233 

Dissecting immune cell activation with a hybrid nanoparticle-liposome system 

Yilong Jia1, jiayil@indiana.edu, Stephen Anthony2, Yan Yu1.  (1) Department of 
Chemistry, Indiana University, Bloomington, Indiana 47405, United States  (2) 
Department of Immunology, University of Texas Southwestern, Dallas, Texas 75390-
8576, United States 

When an immune cell is activated, spatial rearrangement happens in the immunological 
synapse, where hundreds of membrane receptors and signaling molecules form 
microclusters and nanoclusters. These protein clusters are the signaling units at the 
early stages of different immune responses. Important as it is, the role of protein 
clusters in signaling initiation and transduction is not fully understood yet. It has been 
hypothesized that protein clustering might be a regulatory mechanism for cells to control 
their signal transduction in time and space. However, studies to support that hypothesis 
have been scarce due to lack of approaches to manipulate different protein clusters. 
Herein, we have proposed using a hybrid nanoparticle-liposome system as a 
biofunctional tool to activate live human immune T-cells. The exact density of 



stimulating signals in each cluster (functionalized liposome) can be precisely controlled 
and quantified with single-molecule imaging techniques. By measuring biochemical 
signaling activities of the cells, we demonstrate that the nanometer-sized liposomes 
serve as a unique platform to spatially control the immune cell responses and to 
investigate functions of protein clusters in signal initiation and transduction. 

COLL 234 

GaN growth from NH3 and Ga(C2H5)3 on the ZrB2(0001) surface under ultrahigh 
vacuum 

Kedar Manandhar1, Mohammad Rashidi-Alavijeh1, mrashi7@uic.edu, Michael 
Trenary1, Peter Zapol2.  (1) Department of Chemistry, University of Illinois at Chicago, 
Chicago, IL 60607, United States  (2) Materials Science Division, Argonne National 
Laboratory, Argonne, IL 60439, United States 

The growth of GaN from co-dosing of NH3 and Ga(C2H5)3 (triethyl gallium, TEG) on a 
single crystal surface of zirconium diboride, ZrB2(0001), was studied under ultrahigh 
vacuum conditions with the technique of X-ray photoelectron spectroscopy. These 
studies were motivated by the use of ammonia and TEG for growth of GaN by metal 
organic chemical vapor deposition. One important application of GaN is for ultraviolet 
light emitting diodes. However, performance of the devices is limited by the large 
mismatch of lattice constants and thermal expansion coefficients between the nitride 
heteroepitaxial layers and the usually used substrates, sapphire, SiC and Si. Recently 
zirconium diboride (ZrB2), a refractory metallic compound, has been proposed as a 
promising substrate for GaN growth because of their similar lattice constants and 
thermal expansion properties. Our results showed that growth at 200 ˚C, resulted in a 

Ga to N ratio higher than 4:1. Upon increasing the growth temperature to ∼ 300 ˚C, 
stoichiometric GaN grew on the ZrB2surface. The GaN film properties as a function of 
growth temperature, such as stoichiometry, purity, and chemical state, were determined 
from the XPS data. 

Work supported by the U. S. Department of Energy, Office of Science, Office of Basic 
Energy Sciences under Contract No. DE-AC02-06CH11357. 

COLL 235 

Photodirected assembly of polyelectrolyte complexes 

Udaka K de Silva, udaka.desilva@rockets.utoledo.edu, Njideka H Okoye, Justin 
Wengatz, Yakov Lapitsky.Department of Chemical and Environmental Engineering, 
University of Toledo, Toledo, Ohio 43606, United States 

Oppositely charged polyelectrolytes tend to self-assemble in solution to form insoluble 
complexes (PECs). These complexes find use in many applications (e.g., controlled 
release, separation and sensor technologies), but are typically limited to planar, 



cylindrical or spherical geometries. With the intent of expanding this range of structural 
motifs, we have developed a simple strategy for directing PEC assembly using light. 
Commonly used polyelectrolytes, polyallylamine (PAH) and polystyrene sulphonate 
(PSS), were mixed in the presence of a photoacid generator. The solutions were 
prepared at pH 11.6 (significantly above the pKa of PAH) to ensure that almost all of the 
PAH amine groups were neutral. When exposed to longwave UV light (λ = 365 nm) the 
photoacid generator lowered the local pH and protonated the PAH amine groups. This 
protonation lead to the self-assembly of PSS and PAH into PECs whose shape could be 
tuned by varying the photoirradiation pattern (in this case using a photomask). The 
assembly and properties of these PECs were probed using phase studies, isothermal 
titration calorimetry, elemental analysis and microscopy. The formation of these diverse 
and tunable structures suggests photodirected assembly as an attractive strategy for 
the fabrication of anisotropic PECs with custom-designed shapes. 

COLL 236 

Ag@SiO2 core-shell nanocomposites as antimicrobial additives for wound 
dressings 

Mark A Isaacs, isaacsm@cardiff.ac.uk.Department of Chemistry, Cardiff University, 
Cardiff, South Glamorgan CF24 2EX, United Kingdom 

The rising global prevalence of antibiotic-resistant bacteria is driving the quest for new 
medical technologies offering alternative solutions to preventing the spread of hospital-
acquired infections such as MRSA and MDR-TB. Recent breakthroughs in 
nanotechnologies now provide powerful tools to engineer materials possessing well-
defined structural, electronic and chemical properties which have found application 
across the physical, biological and health sciences. Silver has also long been noted for 
its potent bactericidal nature, and efficacy in preventing biofilm accumulation in medical 
devices and assisting wound healing in burns victims. Here we report on the synthesis 
and antibacterial screening of silver-silica nanocomposites comprising core-shell 
architectures, in which the porous ceramic shell permits tunable silver release rates. 
Monodispersed, metallic silver nanoparticles have been synthesised encapsulated 
within amorphous silica shells via a reverse micelle microreactor method, with core 
diameters controlled by the water :surfactant ratio (Figure X). Structural properties of the 
silica shell are also tunable, with the diameter a strong function of tetraethyl 
orthoxysilicate precursor:surfactant ratio during the synthesis, and porosity dependent 
upon post-synthetic etching protocols. The resulting Ag@SiO2 nanocomposites have 
been characterised by bulk and surface techniques, including X-ray diffraction, TEM, X-
ray photoelectron spectroscopy, and nitrogen porosimetry, and their antibacterial activity 
assayed against Gram-positive and Gram-negative bacteria. 



 

 
 

COLL 237 

1D and 2D self-assembled nanostructures of 2,5-pyrazine dicarboxylic acid on the 
Cu(100) surface 

Jennifer J Sandahl, jsandahl@indiana.edu, Steven L Tait.Department of Chemistry, 
Indiana University, Bloomington, IN 47405, United States 

Self-assembled nanostructures of 2,5-pyrazine dicarboxylic acid (PDA) on a model 
noble metal surface, Cu(100), are studied to probe intermolecular interactions in 1D and 
2D organic nanostructures. All work has been done under ultra-high vacuum conditions, 
with analysis done using X-ray photoelectron spectroscopy (XPS) and scanning 
tunneling microscopy (STM). The PDA molecule is similar in structure to terephthalic 
acid (TPA), which has been extensively studied, but contains two nitrogen atoms in the 
ring. After deposition on a room temperature surface, the PDA molecules form islands 
with a square structure. This square structure has similar measurements to the square 
structure formed by TPA, but the growth direction is different from the growth direction 
of the TPA islands,1 indicating a difference in surface adsorption between TPA2 and 
PDA. After annealing at 90 oC, PDA forms 2D islands with a rectangular structure and 
1D chains of molecules, with some islands with the square structure remaining. The 
PDA molecular chains grow in the same directions as the TPA molecular islands and 
have similar molecular spacing. They differ from TPA because of the prochiral nature of 
PDA causing the PDA molecules to self-select into homochiral chains. The 1D chains 
are likely caused by repulsive interactions between the lone pairs of the ring nitrogen 
atoms and the electronegative carboxylate oxygen atoms, inhibiting growth in one 
direction. XPS after annealing is not significantly different from spectra before 
annealing, indicating no decomposition of the adsorbed PDA. Studies of transition metal 
complexation with PDA are ongoing. 



1. Lingenfelder, M. A.; Spillmann, H.; Dmitriev, A.; Stepanow, S.; Lin, N.; Barth, J. V.; 
Kern, K., Chem.– Eur. J. 2004, 10 (8), 1913-1919. DOI: 10.1002/chem.200305589 

2. Ge, Y.; Adler, H.; Theertham, A.; Kesmodel, L. L.; Tait, S. L., Langmuir 2010, 26 (21), 
16325-16329. DOI: 10.1021/la101582k 

COLL 238 

Acetylene hydrogenation on Pt (111) at ambient pressure using PM-RAIRS 

Joel D. Krooswyk, Jkroos2@uic.edu, Michael Trenary.Department of Chemistry, 
University of Illlinois Chicago, Chicago, IL 60607, United States 

Polarization modulation- reflection absorption infrared spectroscopy (PM-RAIRS) 
bridges ultra high vacuum (UHV) studies and industrial applications by enabling the 
simultaneous observation of surface and gas-phase species formed during 
heterogeneous catalytic reactions performed at ambient pressures. In this study, 
surface species and gas-phase products of acetylene (C2H2) hydrogenation on Pt (111) 
were monitored between 120 and 370 K using a static pressure of C2H2 and H2 in an 
ambient pressure IR cell connected to a UHV chamber. When C2H2 and H2 are 
coadsorbed on Pt (111) at 88 K in UHV conditions, acetylene is only partially converted 
to ethylene at 285 K. By using a static pressure of 1x10-2 Torr H2, a monolayer of 
acetylene adsorbed at 120 Kis converted completely to ethylene through a vinyl 
(CHCH2) surface species at 250 K. To study the effects of gas phase acetylene 
hydrogenation on Pt (111), a partial pressure of 1.0×10-2 Torr of acetylene was leaked 
into the cell at 300 K. At this temperature, acetylene is adsorbed as vinylidene (CCH2). 
Upon adding 1.0 Torr of H2, three surface intermediates are observed: ethylidyne 
(CCH3), di-σ-bonded ethylene (σ-C2H4), and ethylidene (CHCH3). After annealing to 
higher temperatures, the concentration of these species remain constant. Besides these 
surface species, excess gas-phase acetylene is completely hydrogenated into gas-
phase ethylene and ethane, which are observed at 350 and 370 K, respectively. By 
monitoring this reaction with PM-RAIRS, surface intermediates are distinguished from 
gas-phase products, allowing complete characterization of a catalytic reaction not 
observable at UHV conditions. 

COLL 239 

Functionalized magnetic nanoparticles with multidentate ligands for interaction 
with proteins 

Leekyoung Hwang, lhwang@chem.wisc.edu, Ying Ge, Song Jin.Chemistry, University 
of Wisconsin-Madison, Madison, Wisconsin 53706, United States 

The controlled manipulation of the surface of nanoparticles is still a big challenge for the 
interaction with biological targets such as proteins. Here, we present recent studies of 1) 
metal oxide nanoparticles (Fe3O4) functionalized with a metal ion coordinating ligand 



and 2) its interaction with specific targets (i.e. biological macromolecules). The surface 

of the nanoparticles ranging in size from ∼6 nm to ∼8 nm was functionalized by short-
chain alkoxysilane molecules with a PEG group and amino functional group to 1) make 
the nanoparticles more soluble in aqueous environment and to 2) further couple with 
diverse multidentate ligands that we have synthesized for the formation of metal 
complexes. These functional groups are designed to specifically interact with proteins 
and other biological macromolecules. These nanoparticles with multiple functionalities 
can provide sensitivity and binding affinity toward attractive protein targets. 
Furthermore, the prospect of using the modified nanoparticles for bioanalytical 
applications, specifically in proteomic analysis, will be discussed. 

COLL 240 

Cryogels from nanoparticulate fumed silica slurries: Structural and adsorption 
characteristics 

Benjamin W Walusiak1, bwwalusiak@eiu.edu, Vladimir M Gun'ko2, Jonathan P Blitz1, 
Vladimir I Zarko2, Vladimir V Turov2, Eugeniy M Pakhlov2, Oleg Remez2.  (1) 
Department of Chemistry, Eastern Illinois University, Charleston, IL 61920, United 
States  (2) Chuiko Institute of Surface Chemistry, Kiev, Ukraine 

Inorganic cryogels are often synthesized by freezing sol-gel synthesis products in an 
aqueous solution, or a mixed organic/aqueous solution, followed by solvent sublimation. 
This sequence is shown below.  

 
 
 
Cryogels are considered as an alternative means to synthesize materials similar to 
aerogels. This work explores the potential use of fumed silica, formed by flame pyrolysis 
of SiCl4, as a precursor to synthesize silica cryogels. Referring to the figure above, the 
sol-gel solution in this work is a solvent slurry of nanosilicas. Cab-O-Sil HS5, consisting 
of solid primary nanoparticles with a diameter of approximately 10 nm, is used. A 3 – 5 



wt. % slurry of this material is created in water, frozen, then subjected to freeze drying 
to yield the cryogel. A set of cryogels based on nanosilica A-300 (SBET = 330 m2/g) was 
also prepared using 5-20 wt% aqueous suspensions at pressures of 250-450 bar. The 
silica concentration has a strong influence on structural and adsorption characteristics 
of the final materials. Studied variables of the cryogel synthesis include slurry pH, 
sonication to increase particle dispersion, fumed silica pretreatment temperature to 
reduce surface hydroxyl groups, etc. Resultant materials are characterized utilizing 
techniques such as thermogravimetric analysis (TGA), N2 adsorption for the 
determination of textural properties, FTIR to probe surface hydroxyl groups, low-
temperature 1H NMR, XRD, and others. 

COLL 241 

Intimately mixed multifunctional modified silica surfaces using a surface bound 
amine catalyst 

Jonathan P Blitz1, jpblitz@eiu.edu, Ramkumar Samala1, Vladimir M Gun'ko2.  (1) 
Department of Chemistry, Eastern Illinois University, Charleston, IL 61920, United 
States  (2) Chuiko Institute of Surface Chemistry, Kiev, Ukraine 

The chemical modification of silica surfaces has been used to make many useful 
materials for a wide range of applications. Perhaps still the most common method to 
perform such surface modifications is the use of organo-functional silanes to react the 
silica surface hydroxyl (silanol) groups. A generic scheme is given: 

Si(s)-OH + R3SiOR --> Si(s)-O-SiR3+ ROH 

Whereas some organo-functional silanes do not exhibit impressive reactivity, it has 
been known for some time that an amine can act as a catalyst for these reactions. This 
explains the relative ease in which amino-functional silanes can react a silica surface. In 
this work a silica surface is reacted with less than a stoichiometric amount of amino-
functional silane relative to available, reactive surface silanols. The resultant product is 
dried and characterized for the extent of reaction. This silica is again reacted with 
another organosilane that is unreactive in the absence of an amine catalyst, but is 
reactive in its presence. The extent of this second reaction is quantified. Since the 
amine is surface bound, only those surface silanol groups close enough to interact with 
the amine are reactive. A schematic:  



 
 

Results will be shown with variations of aminosilane and silica surface structure (i.e.; 
average pore width, specific surface area, pore volume and pore size distribution for 
fumed vs. precipitated silicas). 

COLL 242 

Surface morphology of chemisorbed N on Pt(111) 

Zhu Liang1, zliang4@uic.edu, Hyunjin Yang2, Yousoo Kim2, Michael Trenary1.  (1) 
Department of Chemistry, University of Illinois at Chicago, Chicago, IL 60607, United 
States  (2) Surface and Interface Science Laboratory, RIKEN, Wako-shi, Saitama 351-
0198, Japan 

The surface morphology of chemisorbed N on a Pt(111) surface has been studied at the 
atomic level with low temperature scanning tunneling microscopy (LT-STM). At high 
coverages, two phases, p(2×2)-N and (√3×√3)R30°-N, are found to coexist at 
temperatures between 360 and 400 K. For both phases nitrogen occupies fcc-hollow 
sites. At temperatures of 400 K and slightly above, only the p(2×2)-N phase is present 
on the surface. At temperatures above 420K, nitrogen starts to desorb. The p(2×2)-N 
phase shows a honey-comb structure in STM images with three nitrogen and three 
platinum atoms forming a six-member ring, which can be attributed to the strong 
nitrogen binding to the underlying Pt atoms. At low coverages, imcomplete (2×2) 
patches of N, but no (√3×√3)R30° structure, are observed on the surface. When N and 
O are coadsorbed on the surface, they form a mixed (2×2) overlayer of N+O at high 
coverages. N and O can be clearly distinguished from each other by their appearance in 
the STM images. 

COLL 243 

3D environments to control cancer cell migration with gold nanorods 



Elissa M Grzincic, grzinci2@illinois.edu, Catherine J Murphy.Department of Chemistry, 
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, United States 

Gold nanorods are being studied within biological systems for applications such as drug 
delivery and photothermal therapy. These nanoparticles are easily modified in terms of 
size, shape and surface ligands in order to subsequently modify their unique optical 
properties and how they interact with cells. Many studies have investigated interactions 
between gold nanorods and cells, but it is important to know more about how these 
nanoparticles may affect cellular interactions with their immediate environment. 
Furthermore, traditional 2D environments used for studying cellular functions do not 
adequately model a true in vivo environment because the influence of the extracellular 
matrix (ECM) is lost. 

Using nested collagen gel matrices as models to mimic gold nanorods in the ECM of 
human cancer cells, the effect of the nanorods on cell migration was investigated. It was 
observed that gold nanorods in the ECM induce changes in cell migration rates. It is 
hypothesized that the change in cell behavior upon addition of gold nanorods to the 
outer collagen gel could be due to differences in mechanical properties, the creation of 
biochemical gradients, or a combination of both. To begin investigating the mechanism 
behind the changes, mechanical properties of gels were measured with rheology and 
atomic force microscopy force-distance curves.  

 
 

COLL 244 

Adsorption of environmental contaminants on functionalized magnetic 
mesoporous silica 

Shani N Egodawatte, shani-egodawatte@uiowa.edu, Ashish Datt, Sarah C 
Larsen.Department of Chemistry, University of Iowa, Iowa City, IA 52242, United States 



Mesoporous silica (MCM-41) has shown great potential as an adsorbent due to its high 
surface area, tunable pore sizes and well defined surface properties which are 
governed by the surface hydroxyl groups. Surface modification of the mesoporous silica 
can tailor the adsorption properties for a specific metal ion by providing better sites for 
chelation or electrostatic interactions. Magnetic mesoporous silica materials couple the 
magnetic properties of iron oxide nanoparticles with the adsorption properties of both 
iron oxide and mesoporous silica materials. Heavy metals such as Cr, As, and Hg 
discharged from residential and environmental sources pose a serious threat to the 
human health as well as groundwater pollution. Chromium is a heavy metal which can 
act as a nutrient in small quantities but as a health hazard in large quantities. 

In this study, magnetite (Fe3O4) nanoparticles were coated with MCM-41 and 
functionalized with (3-Aminopyopyl)triethoxysilane (APTES) and (3-
Mercaptopropyl)trimethoxysilane (MPTMS) using the post synthesis grafting method. 
The parent and the functionalized magnetic silica samples were characterized using 
powder X-ray diffraction (pXRD), thermal gravimetric analysis (TGA), Fourier Transform 
Infrared (FTIR) spectroscopy and nitrogen adsorption desorption isotherms for surface 
area and pore volumes. These materials were evaluated for Cr(III) adsorption from 
aqueous solutions in the pH range 3-6 and the optimum was found to be 5.4. The 
aminopropyl functionalized magnetic mesoporous silica displayed the highest 
adsorption capacity for Cr(III) of all the materials evaluated in this study. The high Cr(III) 
adsorption capacity was attributed to a synergistic effect of magnetite nanoparticles and 
amine functionalization on MCM-41 as well as a judicious choice of pH. 

COLL 245 

Antigen specific lysis for large-volume, high-purity cell isolation 

Gabriela Romero Uribe, gabyromerouribe@gmail.com, Jacob Lilly, Brad J 
Berron.Chemical and Material Engineering Deparment, University of Kentucky, 
Lexington, KY 40506, United States 

Herein we will describe a new surface modification approach for isolating high purity cell 
populations based on the use of a polymeric coating that stabilize cells against a variety 
of destructive mechanisms (detergent, enzymes, shear, hypotonic stress), enabling a 
variety of novel selective lysis and degradation techniques for specific cell isolation. We 
tailored PEG diacrylate polymer coatings which are formed in response to surface 
marker expression and are capable of stabilizing Jurkat cells in response to immersion 
in deionized water. Specific antibodies against CD45 were used to specifically label the 
surface of Jurkat cells. Then the cells immersed in photoinitiators conjugated to 
streptavidin, immobilizing polymerization initiators on the surface of these specifically 
labeled cells. Upon exposure to PEG diacrylate and 530 nm light, a crosslinked polymer 
coating is formed on the outside of the initiator labeled cells, forming a synthetic 
extracellular membrane in response to expression of CD45. After rinsing in phosphate 
buffer, coated cells were resuspended in pure deionized water and were intact and of 
spherical morphology. Cell viability assays confirm the coated cells are largely viable (> 



80%) after polymerization and after immersion in water (∼75%). In the absence of a 
polymer coating, < 0.5% of the cells are viable after 10 minutes in water. The drastic 
contrast in stability of coated cells from their native counterparts supports Antigen 
Specific Lysis as a novel paradigm for cell isolation based on sensitive, specific coating 
formation. 

COLL 246 

Surface chemistry of methylamine on Ru(0001) 

Yuan Ren, yren5@uic.edu, Ira Waluyo, Michael Trenary.Department of Chemistry, 
University of Illinois at Chicago, Chicago, ILLINOIS 60607, United States 

The adsorption of amines on metal surfaces is very important in catalysis and surface 
coating chemistry. As the simplest organic amine, methylamine draws considerable 
interest in the hope of understanding the fundamental reactions of C-H, N-H and C-N 
activation on different surfaces. Since methylamine can be considered as a derivative of 
ammonia, a comparison of NH3 and CH3NH2 surface chemistry is of interest to 
determine the influence of the CH3group on the respective N-H bond breaking 
reactions. 

Reflection absorption infrared spectroscopy and temperature programmed desorption 
(TPD) were used to characterize and identify the surface intermediates formed in the 
thermal decomposition of methylamine (CH3NH2) on Ru(0001). Methylamine is found to 

adsorb molecularly to the surface via the nitrogen lone pair up to ∼220 K, in agreement 
with a previous study using high resolution electron energy loss spectroscopy and TPD. 
Between 220 and 250 K, cleavage of N-H and C-H bonds produces H2CNH, possibly 
with the C-N axis parallel to the surface. Upon annealing to above 300 K, this species is 
further dehydrogenated and produces an HxCN intermediate, which can subsequently 
be dehydrogenated to a surface C-N species when annealed to even higher 
temperatures. 

COLL 247 

Magnetically responsive gold nanoparticles for surface-enhanced Raman 
scattering applications 

Naveen Kadasala, nkadasal@purdue.edu, Alexander Wei.Department Of Chemistry, 
Purdue University, West lafayette, IN 47906, United States 

Au-Fe3O4 core-shell nanoparticles can be useful as nanosensors based on surface-
enhanced Raman scattering, supported by their combined plasmonic and magnetic 
activities. Magnetically active colloidal gold (50–80 nm) can be synthesized directly in 
aqueous media at ambient temperatures in three steps: co-precipitation of Fe3O4, 
treatment with PEG-dithiocarbamate (DTC) and histidine, and seeded reduction of 
AuCl4 under mildly basic conditions. The formation of the magnetically active Au colloid 



may involve the simultaneous digestion of amorphous Fe3O4 and surface-initiated 
deposition of Au. Residual Fe3O4 is removed by treatment with bis(2-hydroxyethyl)-
DTC, formed in situ from diethanolamine and CS2. The magnetically responsive gold 
clusters can support SERS signals using 785 nm excitation, and are currently being 
investigated for the trace detection of environmental pollutants. 

COLL 248 

Enhanced singlet oxygen generation from toluidine blue O decorated silver 
nanoparticles 

Rui Ding, dingri@mail.uc.edu, Peng Zhang.Department of Chemistry, University of 
Cincinnati, Cincinnati, Ohio 45221, United States 

Metal enhanced singlet oxygen generation, from toluidine blue O (TBO) covalently 
conjugated 6-mercaptohexanoic acid (MHA) coated silver nanoparticles, was observed 
and quantified. MHA coated silver nanoparticles were synthesized by using sodium 
borohydride as a reducing agent to react with the mixture of silver nitrate and MHA. The 
photosensitizers (TBO) were subsequently covalently conjugated with MHA coated 
silver nanoparticles. The nanoparticles were characterized by UV-Vis absorption 
spectroscopy and particle size analysis. The singlet oxygen generation was ideally 
monitored by the 1280nm phosphorescent transmission. Upon 630nm excitation, the 
sensitizer-nanoparticle conjugates show a significant increase of intensity at 1280nm as 
compared to the solution when silver nanoparticles were removed by neutralized 
sodium cyanide solution. The photosensitizer-nanoparticle conjugates were also shown 
to generate singlet oxygen with enhanced quantum yields as compared to the free TBO. 
Conjugates of such design, a combination of silver nanoparticles and free 
photosensitizers, should have good potential as antibacterial agents. 



 

 
 

COLL 249 

Engineering versatile SERS-active nanoparticles by embedding reporters 
between Au-core/Ag-shell through layer-by-layer deposited polyelectrolytes 

Yan Zhou, zhouy8@mail.uc.edu, Changwon Lee, Jinnan Zhang, Peng 
Zhang.Department of Chemistry, University of Cincinnati, Cincinnati, Ohio 45221, 
United States 

Surface-enhanced Raman scattering (SERS) has been widely studied and applied for 
over three decades.Raman scattering of molecules, despite of being an extremely 
inefficient process with very small cross-sections, can be greatly enhanced by orders of 
magnitude if the molecules reside in the vicinity of some metal nanostructures, those of 
silver and gold in particular.Herein, we report a new strategy to engineer versatile 
SERS-active nanoparticles by embedding Raman reporters inside Au-core/Ag-shell 
nanoparticles through layer-by-layer deposition of polyelectrolytes. The adoption of 
polyelectrolytes allows the control of the amount of embedded reporters and their 
approximate positions between the Au-core and the Ag-shell. The results demonstrate a 
class of core-shell nanoparticles that can find use as SERS-tags for Raman-based 
assays and imaging with strong SERS signals, versatility and simplicity in synthesis, 
and good stability. 
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Gold microplates as inexpensive substrates for biochemical detection 

Adriana Lopez, alopez55@ucmerced.edu, Tao Ye.Natural Sciences, University of 
California Merced, Merced, CA 95340, United States 

Gold microplates are atomically flat, anisotropic particles that can be up to 100 microns 
wide and 40 nanometers in height. These gold microplates are inexpensive, yet they 
can be used as high quality and chemically well-defined substrates for biomolecules. In 
order to incorporate these substrates into a multiplexed biosensing device, it is 
necessary to pattern biochemical ligands on a microplate or position these plates in 
regular arrays for potential integration with electrowetting-based digital microfluidic 
systems. We demonstrate that these microplates can be patterned onto the substrate 
by microcontact printing using a PDMS (polydimethlysiloxane) stamp to selectively pick 
up and release the gold microplates. Next, we will test the stability of the plates to the 
substrates in which they were printed on. We are also developing methods to produce 
micro/nanoscale patterns of biomolecules on these plates and demonstrate specific 
target binding using fluorescence and scanning probe techniques. 

COLL 251 

Unique optoelectronic properties of Pt@Ag nanoparticles for tailorable 
biomolecular probes 

Anh T.N. Dao, daongocanh3387@gmail.com, Derrick M. Mott, Shinya 
Maenosono.Department of Materials Science, Japan Advanced Institute of Science and 
Technology, Nomi-shi, Ishikawa 923-1292, Japan 



Platinum is a well-known catalyst that has a high catalytic activity, especially for 
methanol electrooxidation and oxygen electroreduction reactions. Platinum has been 
combined with numerous transition metals, such as Pd, Au, Fe, Cr, Ni, etc. with the 
intent to increase electrocatalysis and limit the poisoning of Pt surface by strongly 
adsorbed intermediates (e.g CO). Among the combinations, the Pt-Ag system has 
received much attention from researchers and scientists for not only electrocatalytic 
activity but also surface-enhanced Raman scattering. Among several heterostructures, 
the core@shell structure could be very interesting and beneficial in terms of the 
combination of catalytic properties of Pt and SERs properties of Ag. However, there are 
still many challenges in the synthesis of core@shell structures. Galvanic replacement 
reaction hinders the uniform synthesis of Ag@Pt core@shell particles, while successful 
formation of Pt@Ag core@shell must overcome lattice mismatch. This presentation 
focuses on our recent results in the study of Pt@Ag core@shell NPs with controllable 
size and shell thickness. In addition, the plasmonic properties and unique electronic 
structure of this system can give us a wide avenue for future catalytic, SERS and the 
other applications. The results are discussed in terms of UV-Vis, XRD, TEM, HR-TEM, 
EDS, XPS, and HAADF-STEM. 

COLL 252 

Development of the detection method for organic anion species utilizing gold 
nanoparticles 

Kentaro Tomita, hr-k-tomita@mms.kyushu-u.ac.jp, Toshio Ishioka, Akira 
Harata.Department of Molecular and Material Sciences, Interdisciplinary Graduate 
School of Engineering Sciences, Kyushu University, Kasuga, Fukuoka 816-8580, Japan 

Various organic anion species have important biological functions in organs. Particularly 
metabolites of catecholamine, such as homovanillic acid and vanillylmandelic acid, can 
be utilized as disease markers for neuroblastoma.(1) The instrumental detection after 
chromatographic separation is generally used to analyze organic anions. However, 
instrumental analysis demands special skills of analysts. Hence simple detection 
methods for anions are desired in medical and pharmaceutical fields. 

To develop novel detection method with no separation operation, gold nanoparticles 
covered with receptor molecules for anion species were synthesized. These 
nanoparticles adsorb sulfate ion in aqueous solution, and show its fluorescence change 
under the concentration range of sulfate ion from 10-4 M to 10-3 M.(2) This selectivity is 
probably controlled by selecting receptor molecules on the surface of gold 
nanoparticles. In our research, bis[2-(3-(substituted)thioureido)ethyl]disulfide is adopted 
for that purpose and its selectivity for anion species is measured in bulk acetonitrile 
solution. This is required for the development of this novel detection method to reveal 
the relation between the selectivity of receptor molecules on gold nanoparticles and the 
selectivity in bulk solutions. 



(1) Strenger, V.; Kerbl, R.; Dornbusch, H. J.; Ladenstein, R.; Ambros, P. F.; Ambros, I. 
M.; Urban, C. Pediatr. Blood Cancer 2007 , 48, 504-509. 

(2) Tomita, K.; Ishioka, T.; Harata, A. Anal. Sci. 2012 , 28, 1139-1144. 
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Effect of surface potential on the adsorption of proteins 

Jiun-Hao Lin, b97507035@ntu.edu.tw, Jing-Jong Shyue.Research Center for Applied 
Sciences, Acadamia Sinica, Taipei, Taiwan 11529, Taiwan Republic of 
ChinaDepartment of Material Science and Engineering, National Taiwan University, 
Taipei, Taiwan 10617, Taiwan Republic of China 

Extracellular matrix (ECM) proteins such as fibronectin, laminin and collagen play an 
important role in many cellular behaviors including cell adhesion, cell spreading, etc. 
Understanding their adsorption behavior on surfaces of different nature is helpful for 
studying the cellular response to environments. It is known that by tailoring the chemical 
composition in binary amine and carboxylic acid terminated self-assembled monoalyers 
(SAMs) modified gold substrate, different surface potentials can be obtained. To 
examine how the surface potential affects the interaction between ECM proteins and the 
substrates, a quartz crystal microbalance with dissipation detection (QCM-D) and a 
binary-SAMs-modified Au on quartz crystal is used. The ionic strength and pH are 
controlled by phosphate buffer solution at 37 °C and the zeta-potential of modified Au 
and protein is determined with electrokinetic analyzer and dynamic light scattering, 
respectively. During adsorption, the shift of resonate frequency (f) and the energy 
dissipation (D) are acquired simultaneously and the weight change is calculated using 
the viscoelastic model. The result reveals that the low charge-density protein can be 
adsorbed on highly charged SAM even both surfaces are negatively charged. This 
behavior is attributed to the highly charged SAM polarized the protein microscopically 
and the Debye interaction allows the adsorption although the macroscopic electrostatic 
interaction discourage the adsorption. For SAM-modified surface of moderate potential, 
proteins are not polarized and electrostatic interaction dominated hence less adsorption 
is observed. Moreover, regardless of the surface potential, the D-f plot of each protein is 
a straight line indicating that surface potential did not affect the elasticity of adsorbed 
protein layer significantly. On the other hand, the slope varies significantly with different 
proteins, thus, the QCM-D can be extend to examine the competition in different 
proteins using the difference in slope and reveal the effect of surface potential on the 
chemical composition in ECM. 

COLL 254 

Nanostructured gold film based localized surface plasmon resonance 
spectroscopy for the study of carbohydrate-protein interactions 



Jay K Bhattarai1,2, jkbxv3@mail.umsl.edu, Kohki Fujikawa1, Alexei V Demchenko1, 
Keith J Stine1,2.  (1) Department of Chemistry and Biochemistry, University of Missouri-
Saint Louis, Saint Louis, MO 63121, United States  (2) Center for Nanoscience, 
University of Missouri-Saint Louis, Saint Louis, MO 63121, United States 

It has been found that the overall sensitivity of localized surface plasmon resonance 
(LSPR) spectroscopy, an analytical label-free technique for sensing chemical and 
biological molecules and their interactions, depends upon the nanostructured 
transducer used, which in turn depends upon shape, size and composition of materials. 
Consequently, research towards preparing varieties of plasmonic nanostructures for use 
as transducers in LSPR spectroscopy is on the rise. Herein, we report an 
electrochemical method for fabricating sensitive, novel and robust nanostructured gold 
films (NGF) that can be used as a transducer for LSPR spectroscopy. The NGF was 
prepared directly by electrodepositing gold from potassium dicyanoaurate(I) solution 
onto a flat gold surface, prepared using a template-stripping method. The bulk refractive 
index sensitivity of the thus prepared NGF is around 100 nm/RIU and the initial peak in 
the reflectance spectrum is around 520 nm. In addition, we have studied the interaction 
between carbohydrate (mannose) and lectin (Concanavalin A) on the NGF surface 
using LSPR in two different ways: 1) measuring the interaction of 8-mercaptooctyl-α-D-
mannopyranoside (αMan-C8-SH) with Concanavalin A by first immobilizing αMan-C8-SH 
on the NGF surface, and 2) measuring the interaction of mannose present within a 
glycoprotein with Concanavalin A by first covalently immobilizing Concanavalin A on a 
NGF surface. Finally, the NGF surface was easily regenerated to its original sensitivity 
by removing the immobilized biomolecules. The results from these experiments could 
contribute to the development of cheap and sensitive LSPR based sensors that can be 
used for diagnostic purposes. 

COLL 255 

Identifying and correcting for DFT-GGA errors in NO chemisorption energies on 
transition metal surfaces 

Xu Huang, xu-huang@uiowa.edu, Sara E. Mason.Department of Chemistry, University 
of Iowa, Iowa City, IA 52242, United States 

Here we investigate whether well-known DFT-GGA errors in predicting CO 
chemisorption on transition metal surfaces also manifest in NO/metal chemisorption 
systems. In particular, we use electronic structure analysis to show that the partially 
filled NO 2π* orbital rehybridizes with the transition metal d-band to form new bonding 
and anti-bonding states. We relate the back-donation of metal d-electrons into the 2π*-
surface derived bonding state to the promotion of an electron from the 5σ orbital to the 
2π* orbital in a gas-phase NO doublet-doublet excitation. Our study demonstrates that 
the chemisorption energies of NO on transition metal surfaces depend on the predicted 
value of the NO excitation energy, for which we achieve variation by using different sets 
of N and O pseudopotentials. We obtain linear relationships in chemisorption energy as 
a function of NO excitation energy, and then use the experimental excitation energy as 



a calibration point to arrive at corrected chemisorption energies. We apply this method 
to a variety of metal surfaces and NO adsorption sites with a surface coverage of 0.25 
ML, and discuss how the corrected values may better explain higher coverage 
adsorption patterns reported in the literature. Finally, we note that both the slope of the 
chemisorption energy vs. NO excitation energy and the surface dipole moment of NO 
depend strongly on adsorption site but weakly on metal identity, and we use this fact to 
propose an approximate correction scheme based on the surface dipole moment. 

COLL 256 

Synthesis and fluorescent property characterization of dye-doped SiO2 core/silver 
shell nanostructures 

Jinnan Zhang, zhang2j2@mail.uc.edu, peng zhang.Department of chemistry, 
University of cincinnati, cincinnati, ohio 45220, United States 

Metallic nanosturctures are known to dramatically modify the fluorescence of adjacent 
fluorophores. Here we directly compare the fluorescence enhancement of different dyes 
by metal nanoshells, where SiO2 serves as both a holder of the dye and a spacer layer 
between the Metal nanoshell and the dye. The structure and composition of dye-doped 
SiO2 core/silver shell nanostructures were characterized by UV-visible spectroscopy, 
particle size analyzer (PSA), transmission electron microscopy (TEM) and fluorescence 
spectroscopy. The dye-doped SiO2 nanoparticles whose diameters are around 50 nm 
were formed by water-in-oil (W/O) microemulsion method. The dependence of 
fluorescence intensity on the shape of metal nanoshell coating which caused by 
different silver coating methods was investigated. With metal nanoshell, we 
demonstrate the enhancement factor (EF) changed from 0.1 to 2. This change in 
fluorescence shows potential for contrast enhancement in fluorescence-based imaging 
for clinical diagnosis and monitoring processes in biological systems. 

COLL 257 

Surface characterization and modification of nanoporous gold to detect 
biomolecular interactions and for applications in glycosciences 

Abeera Sharma1,2, abeera.sharma@gmail.com, Jay K. Bhattarai1,2, Papapida 
Pornsuriyasak1, N. Vijaya Ganesh1, Alexei Demchenko1, Keith J. Stine1,2.  (1) 
Department of Chemistry and Biochemistry, University of Missouri – Saint Louis, St 
Louis, Missouri (MO) 63121, United States  (2) Center for Nanoscience, University of 
Missouri – Saint Louis, St Louis, Missouri (MO) 63121, United States 

Nanoporous gold (NPG) has many technological applications. It can be prepared by 
various means of which dealloying; a corrosion-based technique is the most common, 
as the selective dissolution of the more reactive metal leads to an interconnected 
network of pores. A novel electrochemical cycling technique has been reported to tailor 
the pore size of NPG in the range from 50-100 nm and the resulting structure has been 



characterized using scanning electron microscopy (SEM). Since the well-defined pore 
morphology of NPG also opens up avenues for potential applications we study the 
effect of additives on the gold surface in different electrolytes and note the structural 
changes. The effect on pore size variations after annealing the surface of NPG by 
varying the electrolyte solution and the number of electrochemical cycles has been 
studied with the objective of studying the effect of these variations on an impedance 
assay of carbohydrate-lectin binding. An interesting feature of NPG is its large surface 
area and ability to form stable gold-thiolate bonds owing to which enzyme/protein 
immobilization can be performed on its surface by covalently linking via self-assembled 
monolayers (SAMs). This study, which involves the adsorption of proteins on SAMs, is 
of importance as it mimics the environment as on the cell surface. The techniques of 
atomic force microscopy (AFM) and electrochemical impedance spectroscopy have also 
been used to examine the immobilization of dendrimer species within nanoporous gold 
(NPG) monoliths. Dendrimer macromolecules can contact with multiple binding sites on 
a lectin and we explore this multivalency. AFM has been used for characterizing 
polyamidoamine (PAMAM) dendrimers immobilized covalently on the surface of NPG 
monoliths. The PAMAM dendrimers may also prove of interest as linkers for the 
presentation of carbohydrate units on the NPG surfaces for selectively binding lectins or 
other carbohydrate-binding proteins. 

COLL 258 

Selective capture and selective elution of lectins using nanoporous gold 
substrates 

Allan J. Alla1,2, ajakd7@mail.umsl.edu, Yih Horng Tan1,2, Felipe B. d’Andrea1,2, 
Papapida Pornsuriyasak1, Alexei V. Demchenko1, Keith J Stine1,2.  (1) Department of 
Chemistry and Biochemistry, University of Missouri – Saint Louis, Saint Louis, MO 
63121, United States  (2) Center for Nanoscience, University of Missouri – Saint Louis, 
Saint Louis, MO 63121, United States 

Lectins are proteins that specifically bind various carbohydrates. Currently, we are 
attempting to use nanoporous gold (np-Au) modified with thiolated α-D-
mannopyranoside or thiolated β-D-galactopyranoside to separate a mixture of the two 
lectins mannose-binding concanvalin A (ConA) and galactose-binding peanut agglutinin 
(PNA) by selective capture, followed by exposure to free ligand to elute the target lectin. 
In a preliminary investigation, comparison of significant mass losses reported by TGA 
analysis evaluated the formation of self-assembled monolayers (SAM) and subsequent 
immobilization of lectin on np-Au. Mass loss data were normalized to surface area of the 
np-Au surface as estimated from BET gas adsorption data. Loading onto np-Au was 
represented by the increase in mass loss, thus, mass loss was expectedly to decrease 
after the elution of lectins. Capture of protein was also confirmed by the decrease in 
protein concentration after flowing the solution across the modified np-Au surface using 
the BCA assay. Detection of proteins targeted for elution was also confirmed by 
analyzing the proteins in the solution of free ligand after the elution flow. Recognition of 
the target protein being eluted from the mixture was verified using SDS-PAGE on 



Polyacrylamide gel (12%), which showed distinct band profiles for each lectin, which 
enabled us to verify the presence of target lectin in the eluted sample. The current 
investigation aims to confirm the potential for utilizing np-Au in the separation and 
purification of lectins and of glycoproteins. 

COLL 259 

Principal component analysis of X-ray photoelectron spectroscopy data from TiO2 
functionalized through thermal grafting of aromatic halides 

Caroline R. English, crenglish@wisc.edu, Robert J. Hamers.Department of Chemistry, 
University of Wisconsin, Madison, WI 53706, United States 

Conformal monolayers on TiO2 surfaces will form upon thermal grafting at mild reaction 
conditions of aryl iodides with the loss of the iodine atom. Most of the experimental 
investigation into this reaction has involved the use of molecules containing a –CF3 
group as XPS and FTIR characterization tag, but there is some FTIR and computational 
evidence that molecules containing electron-donating groups will also thermally graft to 
TiO2. However, these molecules lack a compelling XPS characterization tag such as –
CF3, and therefore another method of analyzing the XPS data is desired to confirm the 
presence of the molecule. Principal component analysis can be applied to try to 
determine the surface coverage of molecules containing –OCH3, -CH3, and –H as 
functional groups, as well as to test the hypothesis that during thermal grafting the 
molecule reacts with surface TiOH groups to form new Ti-O-C linkages. 

COLL 260 

Interfacial analysis of fluids at the solid surface: The complete slip boundary 
condition 

Samantha L Nania, samantha-nania@uiowa.edu, Scott K Shaw.Department of 
Chemistry, University of Iowa, Iowa City, IA 52242-1294, United States 

At the fluid-solid interface, chemical and physical interactions influence slip and flow of 
the fluid at the solid surface. Proposed theories state that when an ultra-smooth surface 
(< 5-7 nm RMS roughness) contacts a fluid, the hydrodynamic no-slip boundary 
condition can be violated and a complete slip boundary can be achieved. A dewetting 
technique provides a useful way to experimentally analyze and investigate these 
theories. This technique translates a solid substrate slowly through a droplet of bulk fluid 
which then is extruded into a thin film on the substrate's surface. Dewetting allows for 
the direct investigation of this fluid-solid interface via spectroscopy. This research 
reports behaviors of fluid thin-films supported on well-defined surfaces with RMS 
roughness values between 1 and 30 nm. Roughness is determined via AFM and film 
behavior is monitored using ellipsometry, polarization modulation-infrared reflection 
absorption spectroscopy (PM-IRRAS), Raman spectroscopy, et. al. The effects of fluid 
viscosity on film's structure and flow is also reported by analyzing mixtures of fluids such 



as glycerol and water. Resulting analysis of fluid films on these surfaces provides 
molecular level details of these interfacial boundaries which show that the complete slip 
boundary is generally not obtainable by controlling substrate physical geometry alone. 

COLL 261 

Distance-dependent optical properties of a two photon chromophore near gold 
nanorod surfaces 

Jonathan R Eller1, jeller2@illinois.edu, Matthew J Dalton2, Catherine J Murphy1.  (1) 
Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United 
States  (2) Materials and Manufacturing Directorate, Air Force Research Laboratory, 
Dayton, OH 45431, United States 

Due to the wide range of applications of two-photon absorbing (TPA) chromophores 
including 3D optical data storage, microfabrication and photodynamic therapy, 
researchers have used computationally-enabled rational design strategies to optimize 
their two-photon absorbance cross-sections, d. Another approach to increase d is by 
integrating TPA chromophores with plasmonic nanoparticles. With this approach, 
groups have shown enhancement of the two-photon induced fluorescence by 10^5 and 
d by a factor of 40. In this study, we synthesize dye-modified poly(acrylic acid) (DMPAA) 
by covalently tagging a known TPA chromophore to poly(acrylic acid) for layer-by-layer 
wrapping of plasmonic gold nanoparticles with spacer layers from 3 to 15 nm in order to 
study TPA enhancement as a function of particle surface – TPA chromophore distance. 

COLL 262 

Effect of hydrogen sulfide gas on silicone films 

Radhika S Anaredy, radhikasudhakar-anaredy@uiowa.edu, Emily M Wills, Stephanie 
M Werner, Scott K Shaw.Department of Chemistry, University of Iowa, Iowa City, Iowa 
52242-1294, United States 

Silicone polymers have a wide application in electronics where they are used as a 
protective and insulating layer for various components or circuits to prevent 
contamination and damage. Hydrogen sulfide, present in some application 
environments, has been found to attack silicones thereby causing the device or circuit to 
fail. 

This work reports the effect of hydrogen sulfide on selected silicon polymers and efforts 
towards designing solution to overcome deleterious effects. Initial work involves making 
thin films of polydimethylsiloxane supported on transparent windows to replicate the 
films used in electronic devices and to make the spectral analysis feasible. These films 
are then characterized to determine thickness, topography, optical constants, and 
spectral properties. To achieve stable films, samples are subjected to different 
temperature conditions for different intervals of time ranging from 4 to 24 hours. The 



characterized stable films are exposed to hydrogen sulfide at 10-1000 ppm 
concentration for 1 to 24 hours while controlling humidity and temperature. We observe, 
in real time, changes in film thickness, refractive index, chemical stability, electric 
stability and roughness due to hydrogen sulfide exposure. This study provides chemical 
level details of the underlying H2S – silicone reaction chemistry at surfaces which aids in 
developing more resilient materials. Proposals for mitigating hydrogen sulfide attacks on 
silicone for the improved performance of future device are the focus of our future work. 

COLL 263 

Increasing diffusion rates of CO2 in ionic liquids: Toward CO2 recycling 

Anthony J Lucio, anthony-lucio@uiowa.edu, Scott K Shaw.Department of Chemistry, 
The University of Iowa, Iowa City, Iowa 52242, United States 

Ionic liquids (IL) are a relatively young class of solvents that show significant promise to 
outperform their aqueous predecessors as an electrolytic media for electrochemical CO2 
reduction. Despite several advantages over aqueous based systems, ILs have seen 
limited applications in this field. Here, we propose mechanisms for increasing CO2 
diffusion constants in several classes of bulk and thin IL films supported on copper and 
silver surfaces. Data from electrochemistry, IR, Raman, Ellipsometry, and dynamic 
dewetting techniques will be reported. Dynamic dewetting presents a novel method to 
produce thin films of these ionic liquids on solid metal substrates, where interfacial films 
can be spectroscopically probed with various sampling geometries. This work is framed 
with the long-term goal of determining the reaction mechanisms associated with 
electrochemical reduction of CO2 in ionic liquids. Moreover, this work will aid in the 
general characterization of ionic liquid solvents for myriad other areas of need. 

COLL 264 

Effects of the carboxylic capping ligand structure on the growth of the CdSe 
quantum dots 

Tobias Morris, Tykhon Zubkov, tzubkov@bsu.edu.Department of Chemistry, Ball State 
University, Muncie, IN 47306, United States 

Quantum dots, semiconductor nanoparticles with size-sensitive electronic and optical 
properties, have been synthesized for numerous materials in recent years. An 
archetypal example is the facile synthesis of the CdSe quantum dots in 1-octadecene, a 
non-coordinating solvent, which involves the high-temperature reaction of co-dissolved 
Cd and Se monomers, fatty acid Cd salts and trioctylphosphine selenide. Once the 
CdSe seeds form, fatty acid carboxylate ions coordinate to the surface and provide a 
capping layer. The delivery of the Cd and Se monomers to the surface through this 
layer determines the quantum dot growth rate. We explored how the fatty acid structure 
affects the CdSe particle growth in this reaction. The effect of the hydrocarbon chain 
unsaturation was examined by comparing three C18 acids: stearic (no double bonds), 



oleic (one double bond), and linoleic (two double bonds). Stearic acid provided the least 
resistance to the monomer delivery resulting in the largest particles, 4-7 nm, depending 
on the time of the sample withdrawal. For oleic acid, the corresponding sizes were 
significantly smaller 2-5 nm. Between oleic and linoleic acids, the difference was less 
significant. We propose that double bonds introduce the capping layer disorder, 
whereas fully saturated chains pack to form compact domains with accessible breaches 
between them. The effect of the chain length was examined by using fully saturated 
acids: octanoic, decanoic, dodecanoic, hexadecanoic, octadecanoic (stearic). As the 
chain shortens from C18 to C12, the protective action decreases and the particle growth 
accelerates. For C10 and C8 chains, the growth accelerates significantly, especially in 
certain crystallographic directions; the particles develop protrusions and grow as 
tetrapods. The effect of the acid chain branching is also discussed. 

COLL 265 

Patterning nanoscale features by colloidal lithography 

Haohan Zhao, zhaohh@mail.uc.edu, William Lum, Laura Sagle.Chemistry, University 
of Cincinnati, Cincinnati, Ohio 45221, United States 

The arrangement of molecules on the nanometer scale is of growing interest in the 
electronics, optics, and biosensing communities. Specifically, precise orientation of 
proteins on a surface will allow for the production of on-chip, microfluidic biosensing 
devices with increased specificity and sensitivity. Cost effective methods capable of 
both large scale production and patterning on the sub 50 nm scale remain a challenge. 
We present a bench top colloidal lithography technique that enables a 5” glass slide to 
be patterned with uniform features as small as 10 nanometers. The figure below shows 
an atomic force microscopy (AFM) image for a glass slide containing 60 nanometer 
patches of silane molecules. Results are presented in which this technique is applied 
toward the patterning of single protein molecules. 
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Freezing of water next to solid surfaces probed by infrared: Visible sum 
frequency generation spectroscopy 

Emmanuel Anim-Danso1, Yu Zhang1, yz47@zips.uakron.edu, Azar Alizadeh2, Ali 
Dhinojwala1.  (1) Department of Polymer Science, University of Akron, Akron, Ohio 
44325, United States  (2) GE Global Research, Niskayuna, New York 12309, United 
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Understanding ice formation near solid interfaces is a problem of fundamental and 
technological importance. We studied the structure of ice as well as the freezing and 
melting transition temperatures of water next to solid surface by sum frequency 
generation (SFG) spectroscopy. We have observed that the structures of ice and water 
are a function of pH and the surface charge. At low pH, corresponding to a positive 
charged surface, we observed an increase in the SFG signal subsequent to ice 
formation. Contrary to expectations, at pH 9.8, the intensity of the ice SFG signal is 
about 10 times lower than that of water. Recent simulation studies have suggested that 
charge transfer and stitching bilayers are important for the high intensity of the ice peak 
at the ice−air interface. We believe that in high pH, the charge transfer and the stitching 
bilayer may be perturbed by the segregation of sodium ions next to the negatively 
charged sapphire substrate, resulting in the decrease in signal intensity. The freezing 
and melting transition temperatures are independent of the surface charge. The results 
offer novel insight on how ions next to solid surfaces affect the structure of ice. 

COLL 267 



Formation and properties of chitosan/pyrophosphate micro- and nanoparticles 

Yuhang Cai, Yuhang.Cai@rockets.utoledo.edu, Yan Huang, Yakov 
Lapitsky.Department of Chemical & Environmental Engineering, University of Toledo, 
Toledo, Ohio 43606, United States 

Ionically crosslinked chitosan micro- and nanoparticles attract keen interest as potential 
drug carriers, and are typically prepared by crosslinking chitosan with tripolyphosphate 
(TPP). To broaden the range of particle characteristics that can be achieved through 
ionic crosslinking, we have examined the formation and properties of particles prepared 
using pyrophosphate (PPi) instead of TPP. Light scattering analysis of chitosan/PPi 
mixtures revealed that, to form micro- and nanoparticles, the PPi:chitosan charge ratio 
must be at least near-stoichiometric. This formation behavior differs significantly from 
that of chitosan/TPP particles, which begin forming even at very low TPP 
concentrations. Moreover, unlike the chitosan/TPP micro- and nanoparticles, which 
coagulate and precipitate when TPP is in excess, chitosan/PPi particles remain 
colloidally-stable at both near-stoichiometric and high PPi:chitosan charge ratios. Once 
the PPi concentration is high enough for particles to fully form, their size distributions 
are insensitive to further PPi addition; the average particle volume, however, scales 
roughly linearly with the chitosan concentration used in their preparation. Furthermore, 
we have investigated the dissolution of chitosan/PPi micro- and nanoparticles by 
systematically diluting the particles while keeping the overall chitosan concentration 
constant (i.e., lowering the PPi:chitosan charge ratio). This revealed hysteresis in the 
particle formation/dissolution cycle, where portions of the chitosan/PPi particles remain 
stably intact even when the PPi concentrations are below those required for particle 
formation. This irreversible behavior likely reflects the cooperativity of chitosan/PPi 
binding and was qualitatively modeled using the Bragg-Williams theory. 
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Thermal treatment of physical mixtures of Pd and Cu nanoparticles 

Vineetha Mukundan1, vmukund@purdue.edu, Joseph Pharrah2, Jun Yin2, Jin Luo2, 
Chuan-Jian Zhong2, Oana Malis1.  (1) Department of Physics, Purdue University, West 
Lafayette, IN 47907, United States  (2) Department of Chemistry, State University of 
New York, Binghamton, Binghamton, NY 13902, United States 

Pd in combination with Cu has been proven to exhibit high catalytic performance that 
makes it a promising candidate to replace the more expensive Pt as the electrocatalyst 
for the cathode oxidation reduction reactions (ORR) in fuel cells. The structure of the Pd 
and Cu nanoparticle mixtures during thermal annealing was examined using 
synchrotron- based time resolved in-situ x-ray diffraction (XRD) under specific thermal 
conditions. The thermal evolution of these nanoparticles was studied as a function of 
mixing ratios, nature of substrates and annealing atmospheres. With wide ranges of 
mixing ratios of the Pd and Cu nanoparticles (1:1, 1:3, 3:1 and 1:5), alloys of different 
structure and lattice parameters are formed. Phase transformations were witnessed at 



different transition temperatures. For example in the case of the mixing ratio 1:1, the 
nanoparticles were found to form alloys with ordered (B2) structure at low temperature 
(300C). At higher temperature (450C) the particles transform into a disordered fcc 
(alloy) structure as shown in figure1. Compositions and annealing atmospheres are 
used to manipulate the chemical ordering of the Pd and Cu in nanoparticles from 
complete phase segregation to alloying. 
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Dye-tagged mesoporous silicate thin films to test nonlinear fluorescence 
enhancement 

Peter D. Haddix, pdh2x@mtmail.mtsu.edu, William M Robertson, Andrienne C 
Friedli.Department of Chemistry, Middle Tennessee State University, Murfreesboro, 
Tennessee 37132, United States 

Photonic band gap multilayers (PBGM) containing quarter wave stacks of alternating 
SiO2/TiO2 layers generate surface electromagnetic waves (SEWs) at a specific laser 
wavelength. PBGMs were used to observe label-free protein/antibody binding events at 
the multilayer surface with higher optical sensitivity than for fluorescent-labeled proteins 
and antibodies on glass. Here we report the investigation of nonlinear enhancement of 
fluorescence through coupling with SEWs. MATLAB simulations show that SEWs are 
maximized inside the PBGM top layer, which was replaced with a mesoporous SiO2 (m-
SiO2) film using established templated sol-gel synthesis procedures. After calcining, 
organized mesopores were formed with 400 nm-700 nm profilometric thicknesses. 
Electron microscopy confirmed a hexagonal mesopore structure. Films were treated 
with 3-aminopropyl triethoxysilane to functionalize the surface with Cy5, a cyanine dye 



commonly used as a fluorescent tag. Fluorescence spectroscopy of dye-functionalized 
m-SiO2 films on fused silica and on PBGM was quantified to determine sensitivity limits. 
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Synthesis of sub-100 nm core-shell iron oxide mesoporous silica 
nanocomposites 

Paul S Mueller, paul-mueller-1@uiowa.edu, Sarah C Larsen.Department of Chemistry, 
The University of Iowa, Iowa City, IA 52240, United States 

Mesoporous silica has been combined with iron oxide nanoparticles such as Fe3O4 to 
form core-shell nanocomposites with potential applications in catalysis, environmental 
remediation, biomedical imaging, and drug delivery. Ideally, these core-shell 
nanocomposites should be quick and simple to synthesize and purify, possess high 
surface area, display a high degree of magnetic susceptibility, and have a size less than 
100 nm. To achieve these goals, a coprecipitation method employing 
cetyltrimethylammonium chloride as a templating surfactant and triethanolamine as a 
mineralizing agent was used. Monodisperse core-shell Fe3O4@mesoporous silica 
nanocomposites with well defined core-shell structure and sizes between 80-100 nm 
were formed. The nanocomposites had high surface areas and were simple to separate 
out of solution with an externally applied magnetic field. Additionally, these core shell 
nanoparticles can be easy be produced in the multi gram scale at an over 40% yield 
with respect to the silica source. The nanocomposites were evaluated for the adsorption 
of environmental contaminants from aqueous solution and for drug delivery applications. 
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XPS analysis of Fe3O4 nanoparticle: Surfactant interactions 

Daniel Wilson1,2, danielwilson48@hotmail.com, Marjorie A. Langell1,2.  (1) Department 
of Chemistry, University of Nebraska-Lincoln, Lincoln, NE 68588, United States  (2) 
Nebraska Center for Materials and Nanoscience, University of Nebraska-Lincoln, 
Lincoln, NE 68588, United States 

Fe3O4 nanoparticles capped with a 40%/60% oleic acid/oleylamine surfactant were 
synthesized by solvo-thermal methods and the nature of the nanoparticle-capping agent 
interactions were studied by x-ray photoelectron spectroscopy (XPS). X-ray diffraction 
(XRD) confirmed that the nanoparticle oxide phase was Fe3O4 and determined the 
particle size to be 11 nm. XPS showed the existence of carboxylate adsorbate from the 
oleic acid and chemisorbed amine in approximately the same surface composition as in 
the solvent during synthesis, and that surface hydroxylation was below detection limits 
at the Fe3O4 interface even for samples with extensive air exposure. The surface of the 
Fe3O4 nanoparticle was slightly reduced, by approximately 25% relative to bulk Fe3O4, 
and some changes in Fe 2p satellite structure were also observed. The capping agents 
were stable under UHV to 250 oC, at which temperature the oleylamine capping agent 



decomposed with alkyl carbon surface deposition, loss of nitrogen adsorbate, and ∼ 
40% surface reduction to FeO. The carboxylate adsorbate persisted to temperatures of 
up to 600 oC, although with loss of the alkyl tail and continued reduction of the surface, 
eventually to produce an FeO/metallic Fe mixture contaminated with a small amount of 
Fe3C. 
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Understanding cloud point extraction by measurement of zeta and surface 
potentials of mixed micelles 

Jordyn Eastlick, jordyn.eastlick@rocky.edu, Jessica Hayes, 
jessica.hayes@rocky.edu, Hyla Thompson, hyla.thompson@rocky.edu, Kozue 
Kimura, kimurakozue@hotmail.com, Gavin F Kirton, 
gavin.kirton@rocky.edu.Department of Chemistry, Rocky Mountain College, Billings, 
Montana 59102, United States 

Cloud point extraction is an environmentally safe and efficient method using nonionic 
surfactant micelles for the preconcentration and extraction of trace metal ions from 
aqueous media. A study of the zeta (ζ) potentials and surface potentials of the micelle 
systems were measured in order to better understand the role of these potentials in the 
cloud point extraction process. The micelles consisted primarily of nonionic surfactant 
(Triton X-100 or Triton X-114) usually mixed with small amounts of ionic surfactant 
(sodium dodecylsulfate or dodecyltrimethylammonium chloride). As conditions were 
changed to approach the cloud point, including temperature, added salt concentration, 
and pH, the zeta and surface potentials decreased towards critical values. Extraction 
efficiency was studied using chromium(III) ion and 8-hydroxyquinoline as the chelating 
agent. Lower values of surface and zeta potentials generally reaulted in more efficient 
extraction of chromium(III) ions from aqueous solutions. 

COLL 273 

Molecular level understanding of adhesion mechanisms at various adhesive-
substrate interfaces 

Chi Zhang, zhangchi@umich.edu, John N Myers, Jeanne M Hankett, Zhan 
Chen.University of Michigan, Ann Arbor, Michigan 48109, United States 

Molecular structures at polymer-adhesive interfaces can majorly affect the adhesion 
properties. In situ molecular level understanding of adhesion mechanisms has not been 
well developed due to a lack of appropriate analytical techniques. We used the 
nonlinear optical spectroscopy technique sum frequency generation (SFG) vibrational 
spectroscopy to study various buried adhesive-substrate interfaces. The studies in 
silicone adhesives showed that headgroups of silane adhesion promoters were involved 
in adhesion promoting processes at polymer interfaces. Chemical reaction or diffusion 
during curing processes tended to decrease SFG signal of silane headgroups. The 



headgroup signal decrease could be correlated to adhesion test results to support our 
hypothesis that interfacial chemical reaction or diffusion leads to strong adhesion. 
Silicone methyl group orientation at the interfaces of different substrate materials was 
also determined using polarized SFG. The molecular orientation behavior could be 
correlated to hydrophobicities of substrate surfaces. The studies in epoxy adhesives 
showed that ordered interfacial structures led to weak adhesion while disordered 
interfacial structures led to strong adhesion. This conclusion was supported by a model 
epoxy and two commercial epoxy systems. This research helps to understand adhesion 
mechanism at a molecular level and may help to develop better adhesives or adhesion 
promoters. 
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Preparation of inexpensive graphenes via surface oxidation of graphite and 
sonication exfoliation 

Tae-Ho Yoon, thyoon@gist.ac.kr, E. S. Kang, H. J. Yoon, M. J. Yoo.School of Materials 
Science and Engineering, Gwangju Institute of Science and Technology, Gwangju 500-
712, Republic of Korea 

Graphites were oxidized via Hummers method, but oxidation conditions were modified 
to afford surface only oxidation of graphite which would result in edge-functionalized 
graphenes without hazardous reduction process. First, graphites were oxidized and 
then analyzed by SEM and sheet resistance measurement. Then, some samples 
showing sheet resistance of 500 Ω/□or lower were grafted with diazonium salts, 
followed by sonication exfoliation for 8, 16 and 24h. Next, graphenes were isolated via 
centrifugation and analyzed by TEM, AFM and Raman, while graphene yield was 
estimated from UV-VIS intensity measurement. 
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Molecular-level evidence on preservation of immobilized peptide and protein 
structures in abiotic environment 

Yuwei Liu, yuweiliu@umich.edu, Fugen Wu, Xiaofeng Han, Tadeusz Ogorzalek, Zhan 
Chen.Department of Chemistry, University of Michigan-Ann Arbor, Ann Arbor, Michigan 
48109, United States 

Surface immobilization of peptides and proteins has become an important topic in many 
applications in analytical, clinical, environmental, and industrial chemistry. During these 
applications, harsh treatments are often applied such as dry state, extreme 
temperature, pH, or organic solvents, which are referred to as abiotic. Hydroxyl-rich 
molecules including carbohydrates, glycerol, and polyethylene glycol have shown to 
preserve peptide/protein structures in certain abiotic environments. However, 
researchers have not been able to show in situ molecular level evidence on the 
preservation due to the lack of appropriate tools. In this work, a selected sugar molecule 



was used to demonstrate the ability to replace water to retain the structure of surface 
immobilized enzyme in an abiotic environment. Using an intrinsically surface sensitive 
technique, sum frequency generation vibrational spectroscopy (SFG), the conformation 
and orientation of sugar-protected enzymes were measured and calculated in dry 
condition as well as at different humidity levels. Results were compared to similar 
measurements for non-protected enzymes. The enzymatic activity was also tested and 
correlated in both cases. In a parallel work, it has also been found that some 
hydrophobicity is required to retain the structure of membrane-reactive α-helical 
antimicrobial peptides (AMPs). We have been attempted to comment on the 
mechanisms of the preservation of surface-immobilized peptide and protein structures 
using the unique vibrational spectroscopy technique and rationalize the design rules for 
“water-free biologics” based on our engineered abiotic/biotic interfaces. 
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Investigating the interaction between select antimicrobial peptides and 
cholesterol containing model cell membranes 

Lauren M. Soblosky, soblosky@umich.edu, Bei Ding, Pei Yang, Zhan 
Chen.Department of Chemistry, University of Michigan, Ann Arbor, MI 48109, United 
States 

Antimicrobial peptides (AMPs) offer a potential alternative to current antibiotics which 
are becoming less effective because of bacterial resistance due to current treatment 
methods. Our group has focused on studying the interaction of AMPs with model cell 
membranes using sum frequency generation (SFG) vibrational spectroscopy. To date, 
most studies were carried out using supported lipid bilayers composed of a single lipid 
type such as POPC (1-palmitoyl-2-oleoyl-sn-3-phosphocholine). Although this is a 
practical approximation to monitor membrane interaction, cell membranes are 
composed of numerous components besides phospholipids, including cholesterol, 
sphingolipids and transmembrane proteins. In order to more accurately evaluate the 
interaction between peptides and cell membranes, it is important to utilize a model 
which more closely resembles the actual cellular membrane. In an effort to increase the 
complexity of our models, cholesterol was added to the supported model POPC 
membranes to determine if its addition causes a change in the interaction between the 
peptides and model membranes. Current results suggest that the α-helical antimicrobial 
peptides LL-37 and alamethicin interact differently with model bilayers of POPC vs a 
50/50 POPC/cholesterol mixture. SFG studies of the amide I region suggest that the LL-
37 might have the same orientation in both cases, but with fewer peptides being able to 
insert into the bilayer when cholesterol is present. Studies of alamethicin under these 
two conditions suggest that the peptide orients at the bilayer differently if cholesterol is 
present. 
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Copper nanowire growth in AFM-patterned silicon monolayer resists 



Christina M. Edwards, tee.nehr@gmail.com, Cindy Berrie.Department of Chemistry, 
University of Kansas, Lawrence, KS 66045, United States 

Research with nanowires has flourished in recent years due to their promising and 
useful application into several fields including electronics, sensors, photonics, 
biomedicine, and nanoscale devices. A majority of synthesis methods produce a bulk 
amount of nanowires free standing in solution, spread on a surface of a material in 
random orientations, or neatly arrayed over a large substrate surface. We present a 
new method of nanowire fabrication by the use of an atomic force microscope (AFM) 
and electroless copper deposition. We are able to nanoscribe selective regions of a 
silane self-assembled monolayer resist with an AFM, and subsequently produce a 
single copper nanowire within the patterned region with electroless copper deposition. 
This method allows selective attachment of a single copper nanowire to a silicon 
surface with control over wire placement and design. 

COLL 278 

Role of organic additives in the synthesis of symmetrically-branched metal 
nanostructures 

Andjela Radmilovic, aradmilo@indiana.edu, Christopher J DeSantis, Aaron C Sue, 
Sara E Skrabalak.Department of Chemistry, Indiana University, Bloomington, IN, United 
States 

Nanosynthesis has garnered much attention due to the potential of nanomaterials for 
many applications. For instance, metal nanoparticles are providing new opportunities in 
optics, chemical sensing, and catalysis. Branched metal nanoparticles are particularly 
useful because their sharp tips can concentrate electric fields, and by controlling the 
structural features of branched nanoparticles, their light-scattering and absorption 
properties can be effectively manipulated. As we recently demonstrated, seed-mediated 
co-reduction is a versatile route to symmetrically-branched Au/Pd nanocrystals with size 
dependent localized surface plasmon resonances and high refractive index sensitivity. 
Central to the formation of these new nanostructures is the use of 
cetyltrimethylammonium bromide (CTAB) as a stabilizer and capping agent. Here, the 
addition of organic additives capable of inserting into the CTAB bilayer was found to 
improve the homogeneity of the branched metal nanocrystals and provides a means of 
fine-tuning the overall structure, as confirmed by scanning electron microscopy of 
prepared samples (SEM). Both nuclear magnetic resonance (NMR) and X-ray 
photoelectron spectroscopy (XPS) were used to determine how these organic additives 
intercalated within the CTAB bilayers adsorbed onto the metal surfaces. In doing so, the 
relationship between CTAB and the organic additives and their contribution to 
controlling the structural features of nanoparticles is better understood. 
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Metal-support interaction of Pt nanoparticle supported oxide catalysts in 
hydrogenative reforming of n-hexane 

Kwangjin An1,2, akj007@berkeley.edu, Nathan Musselwhite1,2, Gabor A. 
Somorjai1,2.  (1) Department of Chemistry, University of California Berkeley, Berkeley, 
CA 94720, United States  (2) Lawrence Berkeley National Lab., Berkeley, CA 94720, 
United States 

In the 21st century, catalysis aims for 100% selectivity to realize “green chemistry”, 
producing only one desired product at high turnover rates and less by-products in 
multipath reactions.Since heterogeneous catalysts are mainly prepared by 
nanoparticles deposited on oxide supports, oxide-metal interfaces have attracted much 
attention as an important catalytic site. 

In this study, macro- or meso-porous oxides including Al2O3, TiO2, Nb2O5, Ta2O5, and 
ZrO2 were prepared to incorporate Pt nanoparticles. Support effect on catalytic 
performance was investigated in the vapor phase hydrogenative reforming of n-hexane 
over Pt nanoparticle-supported on oxide catalysts. Under these conditions, cyclization 
products (methylcyclopentane, cyclohexane), aromatic products (benzene), isomer 
products (2-methylpentane, 3-methylpentane, 2,3-dimethylpentane), dehydrogenation 
products (hexene, methylcyclopentene), and C1-C5 cracking products were generated 
selectively as a function of Pt nanoparticle size and type of oxide supports. 
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Paper based electrochemical sensor for cancer protein biomarker detection 

Bhaskara V Chikkaveeraiah, bhaskara.chikkaveeraiah@nih.gov, Ashwinkumar Bhirde, 
Albert Jin, Xiaoyuan Chen.Laboratory of Molecular Imaging and Nanomedicine 
(LOMIN), National Institute of Biomedical Imaging and Bioengineering (NIBIB), 
Bethesda, MD 20892, United States 

Development of point-of-care protein arrays to measure multiple protein cancer 
biomarkers in clinical samples holds great promise for reliable early cancer detection 
and could achieve effective cancer prevention for millions. In recent years, bioanalytical 
methods have experienced unprecedented growth, driven in large part by the need for 
faster, more sensitive, and portable (“point of care”) systems to detect protein 
biomarkers for clinical diagnosis. Microfluidic devices can handle very small volume of 
samples and do analyses in short time with high sensitivity and accuracy. Paper based 
microfluidic devices are gaining interest as alternative to more expensive glass and 
polymer based devices for point of care analysis. In paper based devices, the areas of 
paper covered by photoresist or wax act as hydrophobic walls, confining fluid to the 
interior hydrophilic regions. In this study, a microfluidic paper electrochemical device 
(µPED) was designed by screen printing the electrodes on chromatography paper. 
These prototypes consist of a screen printed carbon working, and counter electrodes 
and a Ag/AgCl reference electrode. Electrochemical response and the flow in the µPED 



were first characterized using ferrocene carboxylic acid (FCA) as a redox probe. Cyclic 
voltammograms of FCA/FCA+ showed the expected oxidation-reduction peaks. Peak 
current (ip) versus square root of scan rate (ν1/2) was linear demonstrating diffusion 
control of the voltammetric peaks. The µPED showed good sensitivity and detection 
limit towards the detection of prostate cancer biomarker prostate specific antigen (PSA). 
These paper based sensors employing nanostructured surfaces and off-line analyte 
capture hold great promise for sensitive and accurate detection of multiple diagnostic 
cancer biomarkers. 

COLL 281 

Therapeutic nanotubes as highly efficient cancer drug delivery vehicles to 
counteract drug resistance 

Ashwinkumar A Bhirde1, ashwinkumar.bhirde@nih.gov, Bhaskara V. Chikkaveeraiah1, 
Albert J Jin2, Zhe Wang1, Guofeng Zhang2, Vyomesh Patel3, J Silvio Gutkind3, Angela 
R. Hight Walker4, Xiaoyuan Chen1.  (1) Laboratory of Molecular Imaging and 
Nanomedicine, National Institute of Biomedical Imaging and Bioengineering, Bethesda, 
MD 20892, United States  (2) Laboratory of Cellular Imaging and Macromolecular 
Biophysics, National Institute of Biomedical Imaging and Bioengineering,, Bethesda, MD 
20892, United States  (3) Oral and Pharyngeal Cancer Branch, National Institute of 
Dental and Craniofacial Research, Bethesda, MD 20892, United States  (4) National 
Institute of Standards and Technology, Gaithersburg, MD 20899, United States 

CD44 is a tumor initiating glycoprotein that is overexpressed in many solid cancers 
making it a viable drug target. By targeting CD44-overexpressing MDR cancer cells, we 
have developed a self-assembled, self-targetable, multifunctional cholanic acid modified 
hyaluronic acid (CAHA) wrapped semiconducting single-walled carbon nanotube drug 
delivery system (nanoformula) that can deliver MRI probes and chemotherapeutic 
agents, and is also a photothermal and photodynamic therapy agent. Novel 
physiologically relevant analyses showed high serum stability of nanoformula. Live cell 
imaging and unique computational algorithm demonstrated that the nanoformula 
substantially amplifies drug delivery to both drug-sensitive and resistant cancer cell lines 
compared to the free drug. We found that CD44 targeting, along with differential 
viscoelastic properties of drug resistant cancer cells lead to enhanced drug uptake 
mediated by nanoformula.CD44 targetedtherapeutic nanotubes with multipronged 
approach of delivery and sensitizing, was highly effective in killing drug resistant ovarian 
cancer cells compared to the free drug doxorubicin or non-targeted therapeutic 

nanotubes, with the lowest resistance factor (RF = ∼1.8) achieved for any nano-drug 
delivery system reported. Targeted drug delivery system that can deliver a heavy 
payload of drugs to diseased site, act as a sensitizer to influence drug uptake and 
induce apoptosis with minimal resistance factor will successfully counteract multidrug 
resistance. 
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Characterizing the activity and stability of enzymes immobilized on maleimide-
functionalized PEG monolayers 

Tad Ogorzalek, tadlo@umich.edu, McKenna Schroeder, Yuwei Liu, Zhan Chen, Neil 
Marsh.Department of Chemistry, University of Michigan, Ann Arbor, MI 48104, United 
States 

Because of their ability to catalyze complex chemical reactions under mild reaction 
conditions, enzymes are increasingly being used for a variety of applications, ranging 
from industrial catalysis to biosensors and tissue engineering. To facilitate reuse, 
enzymes are often tethered to a variety of surfaces. While others have shown that 
immobilization increases the stability of an enzyme, the activity often decreases. The 
molecular mechanisms involved are poorly understood. A number of variables may 
explain this drop, including unfavorable orientation, protein unfolding, and restricted 
protein dynamics. To explore this question, we are using 6-phospho-β- galactosidase 
from L. lactis (PDB: 2PBG) as a model enzyme. This enzyme is tethered to a 
maleimide-functionalized PEG monolayer via a unique surface cysteine engineered into 
the protein. By altering the location of the cysteine, we can alter the orientation of the 
enzyme active site and the protein attachment point. Using a combination of techniques, 
we have been able to show that an oriented enzyme has much greater activity than one 
that is randomly adsorbed to the surface. In the future, we will expand this research to 
examine the effects different tethering sites on the protein, multiple tethering sites, and 
surface crowding will have on enzyme activity. 
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Preparation and light stability of fluoroalkyl end-capped vinyltrimethoxysilane 
oligomer/silica nanocomposites-encapsulated low molecular weight aromatic 
compounds 

Yuri Oikawa, hideosaw@cc.hirosaki-u.ac.jp, Tomoya Saito, Yusuke Matsuki, Hideo 
Sawada.Department of Frontier Materials Chemistry, Hirosaki University, Hirosaki, 
Aomori-ken 036-8561, Japan 

We have already reported that cross-linked fluoroalkyl end-capped vinyltrimethoxysilane 
oligomeric nanoparticles [RF-(VM-SiO2)n-RF] - encapsulated 1,1'-bi(2-naphthol) (BINOL) 
can be prepared by the sol-gel reaction of the corresponding oligomer in the presence 
of BINOL under alkaline conditions.1) RF-(VM-SiO2)n-RF/BINOL nanocomposites thus 
obtained were found to afford a clear weight loss at 800 oC, which corresponds to the 
content of fluorinated oligomer in the composites.1, 2) However, unexpectedly, RF-(VM-
SiO2)n-RF/BINOL nanocomposites were found to exhibit no weight loss corresponding to 
the presence of BINOL in the composites at 800 oC under atmospheric conditions.1, 2) 

Here we report the light stability of RF-(VM-SiO2)n-RF nanocomposites-encapsulated low 
molecular weight aromatic compounds such as BINOL and 2-hydroxy-4-methoxy 
benzophenone (HMB) under UV (λmax: 254 nm) irradiation. We have found that these 



encapsulated aromatic compounds can exhibit an extremely higher light resistance 
characteristic, compared with that of the parent aromatic compounds. Especially, after 8 
hr UV light (λmax: 254 nm) irradiation toward RF-(VM-SiO2)n-RF/BINOL nanocomposites, 
encapsulated BINOL into cross-linked RF-(VM-SiO2)n-RF oligomeric nanoparticle cores 
was unable to have the releasing ability into organic solvents such as methanol. 
However, calcinated RF-(VM-SiO2)n-RF/BINOL nanocomposites at 800 oC were found to 
give an effective releasing characteristic for encapsulated BINOL into methanol, 
indicating that the encapsulated BINOL should have excellent thermal and light 
stabilities in the cross-linked oligomeric nanoparticle cores. 

1) Sawada, H.; Matsuki, Y.; Goto, Y.; Kodama, S.; Sugiya, M.; Nishiyama, Y. 

Bull. Chem. Soc. Jpn. 2010, 83 , 75. 

2) a) Goto, Y.; Sawada, H. et al. Colloid Polym. Sci. 2011, 190 , 11; 

b) Goto, Y.; Sawada, H. et al. J. Colloid Interface Sci. 2011, 362 , 375. 
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Preparation and thermal stability of fluoroalkyl end-capped oligomers/boron 
nitride nanocomposites 

Takahumi Ogasawara, hideosaw@cc.hirosaki-u.ac.jp, Hideo Sawada.Department of 
Frontier Materials Chemistry, Hirosaki University, Hirosaki, Aomori-ken 036-8561, 
Japan 

We previously reported that fluoroalkyl end-capped acrylic acid oligomer [RF-(ACA)n-RF] 
reacted with tetraethoxysilane (TEOS) and silica nanoparticles in the presence of low 
molecular weight aromatic compounds [Ar-H ] such as cetylpyridinium chloride (CPC) 
and bisphenol AF under alkaline conditions to afford RF-(ACA)n-RF/SiO2 
nanocomposites-encapsulated Ar-H in excellent to moderate isolated yields.1) These 
fluorinated silica nanocomposites-encapsulated Ar-H can exhibit no weight loss 
behavior corresponding to the contents of Ar-H after calcination at 800 oC, although 
fluoroalkyl end-capped acrylic acid oligomer in the nanocomposites decomposed 
completely under similar conditions.1) 

From the developmental viewpoints of new fluorinated heat resistant materials, it is in 
particular interest to develop fluoroalkyl end-capped oligomeric nanocomposites by 
using not only silica nanoparticles but also other inorganic fine particles. Here we report 
the preparation and thermal stability of novel fluoroalkyl end-capped oligomeric 
nanocomposites by using hexagonal boron nitride nanoparticles. A variety of fluoroalkyl 
end-capped oligomers/boron nitride nanocomposites were prepared by the reactions of 
the corresponding oligomers with boron nitride nanoparticles under no catalytic or 
alkaline conditions. In a variety of fluoroalkyl end-capped oligomers/silica 
nanocomposites, fluoroalkyl end-capped acrylic acid oligomer/, fluoroalkyl end-capped 



N,N-dimethylacrylamide oligomer/silica nanocomposites were found to exhibit a clear 
weight loss corresponding to the contents of oligomers after calcination at 800 oC. 
However, interestingly, fluoroalkyl end-capped oligomers/boron nitride nanocomposites, 
which were prepared by using these fluorinated oligomers, afforded no weight loss 
behavior even after calcination at 800 oC. In addition, encapsulated aromatic 
compounds such as bisphenol AF into fluoroalkyl end-capped acrylic acid 
oligomer/boron nitride nanocomposite cores exhibited nonflammable characteristic even 
after calcination at 800 oC. 

1) Sawada, H.; Kikuchi, M.; Nishida, M. J. Polym. Sci. Part A: Polym. Chem. 2011, 49 , 
1070. 
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Performance improvements of fuel cell using noble metal modified using aligned 
carbon nanotubes as scaffold supports 

Eduardo Hernandez, edrohdz@yahoo.com, Rudolfo Flores, Madalyn Mendoza, Jingbo 
L. Liu.Department of Chemistry, Texas A&M University-Kingsville, Kingsville, TX 78363, 
United States 

Nobel metal functionalized aligned carbon nanotubes were engineered a cathode based 
catalysts by amphiphilic functionalization followed by heat treatment. The catalyst was 
characterized using SEM / TEM microscopy and Raman Spectroscopy. The physical 
studies indicate that the functionalization was complete due to the formation of new 
structures reflecting interaction between carbon and the noble metal atoms. 
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Green chemistry derived iron-inserted titania used for dye-sensitized solar cell 

Ephrain Reliford1, ephrainre@gmail.com, Hui Zhang2,3, Xuhui Sun3, Jinghua Guo2, 
Sajid Bashir1,2, Jingbo Liu1,2.  (1) Department of Chemistry, Texas A&M University-
Kingsville, Kingsville, TX 78363, United States  (2) Advanced Light Source, Lawrence 
Berkeley National Laboratory, Berkeley, CA 94720, United States  (3) FUNSOM, 
Soochow University, Suzhou, Jiangsu Province 215123, China 

Iron was inserted into titania (composition: FexTi1-xO2, FexTO2) nanocomposite. This 
was accomplished using Green synthesis methods, using wet chemistry and natural 
reducing agents. The structure of the nanocomposite (between 0-3% iron insertions) 
was evaluated using X-ray synchrotron (RIXS, LBNL, Berkeley, CA) and high-
temperature X-ray powder diffraction (XRD, Houston, TX). The electronic structure of 
FexTO2 nanomaterials was measured by soft X-ray absorption and emission 
(XAS/XES) to determine the band gap, respectively. The changes in the band-gap upon 
Fe3+ insertion into TiO2 were found to increase from 3.20 to 3.46 eV. From the XRD 
data, collected between 25 ºC and 800 ºC, the nanocomposite was in anatase 



crystalline phase without significant phase transition. One possible application was 
electrodes for more efficient catalysts by lowering the band-gap. By soft spectroscopy, 
the degree of insertion and band-gap can be ascertained and further insight into type 
and degree of insertion and the direction of the band-gap for solar energy applications. 
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Controlled immobilization of Fab fragments on heterofunctional supports 

M. Ferrari1, R. Barreto1, F. López Gallego2, Lorena Betancor1, betancor@ort.edu.uy, 
Jose M. Guisan2.  (1) Laboratorio de Biotecnología, Universidad ORT Uruguay, 
Montevideo, Montevideo 1100, Uruguay  (2) Department of Biocatalysis, Institute of 
Catalysis and Petrochemistry,, Spanish Research Council, Madrid, Spain 

Affinity chromatography is still one of the most powerful tools for selective purification of 
molecules. The development of new chromatographic supports that may universally 
apply to a spectrum of Ab-Ag pairs is of high interest to prepare homogeneous samples 
of Ag. Purified Ag samples are required for a number of fundamental and 
biotechnological applications that range from structural studies to vaccine formulation. 
In this work, we have studied and optimized the immobilization of a Fab fragment to 
maximize the support capacity and increase the efficiency of the Ag purification 
process. To that end, we have worked with ε-toxin from Clostridium perfringens , the 
causative agent of hemorrhagic enteritis in cattle, and its corresponding Ab. We have 
utilized agarose based supports functionalized with both metal chelating moieties (IDA-
Cu2+) and aldehyde groups. Biomolecule immobilization in this type of support is dual, 
with a first affinity interaction through His residues of the protein and a second slower 
covalent interaction through Lys and aldehydes from the support. Fine tuning of 
variables such us the degree and ratio of functional groups on the support and the 
presence and concentration of a competitive agent (imidazole) showed a crucial role in 
the homogenous distribution of the Ab on the support surface. Studies of immobilization 
under different conditions prove that gradual Ab- support interaction was optimal to 
achieve high degrees of Ab immobilization inside and outside the agarose particles as 
shown by fluorescence microscopy. The optimized support was able to bind 4 times 
more Ag than that in which the immobilization conditions of the Ab had not been 
controlled. 
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Polymer-assisted self-assembly of metal oxide nanocrystals for ultrasensitive 
cancer theranostics 

Daishun Ling, dsling@snu.ac.kr, Taeghwan Hyeon.School of Chemical and Biological 
Engineering and The WCU Program of Chemical Convergence for Energy & 
Environment, Seoul National University, Center for Nanoparticle Research, Institute for 
Basic Science, Seoul, Republic of Korea 



Self-assembly provides an easy and inexpensive way of producing ensembles of 
colloidal nanocrystals with unique plasmonic, photoluminescence, electronic and 
magnetic relaxation properties in a controllable manner[1,2]. Here, we design and 
fabricate the self-assembled metal oxide nanocrystals via chemically defined surface 
polymeric ligand engineering. The resulting colloidal nanoscale ensembles are 
chemically responsive to tumor microenvironmental stimulus, thus can be used as 
colloidal nanoscale theranostic agents for ultrasensitive integrated cancer diagnosis and 
therapy. Self-assembled nanocrystals with size below 100 nm were characterized by 
HRTEM, 1H-NMR, FTIR, UV, TGA, DLS, GPC, SQUID and MTT assays for the 
evaluation of chemical structure, morphology and biocompatibility. Both the imaging and 
therapeutic functions of these self-assembled nanocrystals were well controlled via 
reversible assembly-disassembly process. These self-assembled nanocrystals can 
readily target tumors in vivo, and are further disassembled into a highly active state in 
tumor microenvironment that “turn on” their imaging and anti-cancer effect. We show 
that the self-assembled nanocrystals enable multi-modal tumor diagnosis at an early 
stage in vivo. We also demonstrate that they have superior therapeutic efficacy in 
several different types of tumor xenografts in mice, thus indicating great potential for 
clinical cancer treatments. 

References: 

[1] Ling, D.; Park, W.; Park, Y. I.; Lee, N.; Li, F.; Song, C.; Yang, S.-G.; Choi, S. H.; Na, 
K.; Hyeon, T. Angew. Chem., Int. Ed. 2011, 50, 11360– 11365 

[2] Ling, D. and Hyeon, T. Small 2013, in press 
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Preparation and thermal stability of N, N-dimethylacrylamide oligomer 
possessing end-capped nitrile units/silica nanocomposites 

Masakazu Kabutomori1, hideosaw@cc.hirosaki-u.ac.jp, Keita Okuno1, Masakazu 
Nishida2, Haruhiko Fukaya2, Yoshio Hayakawa2, Hideo Sawada1.  (1) Department of 
Frontier Materials Chemistry, Hirosaki University, Hirosaki, Aomori-ken 036-8561, 
Japan  (2) National Institute of Advanced Industrial Science and Technology, Nagoya, 
Aichi-ken 463-8560, Japan 

We have prepared N, N-dimethylacrylamide oligomer possessing end-capped nitrile 
units/silica nanocomposites by the sol-gel reactions of tetraethoxysilane with silica 
nanoparticles in the presence of the corresponding oligomer, which was synthesized by 
using an azo-initiator having nitrile groups, under alkaline conditions. These obtained 
nanocomposites were found to exhibit no weight loss corresponding to the content of 
oligomer even after calcination at 800 oC. Furthermore, we have succeeded in preparing 
N, N-dimethylacrylamide oligomer possessing end-capped nitrile units/silica 
nancomposites-encapsulated a variety of low molecular weight aromatic compounds 
(Ar-H ) such as bisphenol-A, bisphenol-F and 1,1'-bi-2-naphthol by the sol-gel reactions 



of tetraethoxysilane with silica nanoparticles in the presence of Ar-H and the 
corresponding oligomer. It was demonstrated that these end-capped nitrile units-
containing oligomer/silica nanocomposites-encapsulated Ar-H can exhibit no weight 
loss behavior corresponding to the contents of Ar-H even after calcination at 800 oC. 
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Composite polymer electrolytes for lithium ion batteries which contain 
tricoordinate boron for enhanced conductivity and transference numbers 

Anisha T Joenathan1, ajoenath@umail.iu.edu, Kayla L Mathews1, Michael Wirey1, 
Srinivas Beeram1, Ulrike Werner-Zwanziger2, Lane A Baker1, John P Carini3, Lyudmila 
M Bronstein1,4.  (1) Department of Chemistry, Indiana University, Bloomington, IN 
47405, United States  (2) Department of Chemistry and Institute for Research in 
Materials, Dalhousie University, Halifax, NS, Canada  (3) Department of Physics, 
Indiana University, Bloomington, United States  (4) Department of Physics, Faculty of 
Science, King Abdulaziz University, Jeddah, Saudi Arabia 

We will discuss solid polymer electrolytes (SPEs) based on a poly(ethylene glycol)-in-Li 
triflate material that contains an organic-inorganic composite (OIC) in which boron 
species are incorporated into a silica network. We demonstrate that the Lewis acid 
tricoordinate boron sites formed in OIC have stronger interaction with triflate anions than 
silica sites, resulting in enhanced lithium ion conductivity and Li transference numbers 
at optimal boron concentrations. The SPE sample prepared with 10 mol. % TEB in OIC 
exhibited a conductivity of 4.3 10-5 S/cm and a Li transference number of 0.89, which 
represents nearly single-ion conductor behaviour. We also studied the influence of an 
ionic liquid (IL) addition, the IL structure and the amount, on properties of these 
composite SPEs. We demonstrate an increase of the SPE conductivity by two orders of 
magnitude for 30 wt.% of the IL in SPE. 

COLL 291 

Lithium ion battery composite polymer electrolytes based on poly(acrylonitrile-r-
butadiene): Ionic liquid as a magic bullet for dramatic conductivity increase 

Michael Wirey1, mwirey@umail.iu.edu, Anisha T Joenathan1, Kayla L Mathews1, John 
P Carini2, Lyudmila M Bronstein1,3.  (1) Department of Chemistry, Indiana University, 
Bloomington, IN 47405, United States  (2) Department of Physics, Indiana University, 
Bloomington, IN 47405, United States  (3) Department of Physics, Faculty of Science, 
King Abdulaziz University, Jeddah, Saudi Arabia 

Novel solid polymer electrolytes for secondary lithium ion batteries based on 
poly(acrylonitrile-r-butadiene) (PAN-r-PB), were synthesized using Li triflate:PAN-r-PB 
solutions with a 1:8 molar ratio and subsequently incorporated with organic-inorganic 
nanoparticles (OINs) to form nanostructured materials. PAN-r-PB is used as polymeric 
component due to its ability to coordinate with the lithium ions and its electrochemical 



stability. OINs with varying compositions were prepared in situ through the hydrolytic 
condensation of various precursors. The incorporated OINs work to counter the issues 
of mechanical robustness, low ionic conductivity as well as low lithium transference 
numbers via interacting with the copolymer and Li salt. Another avenue investigated to 
combat low conductivity was the addition of ionic liquids. Different kinds of ionic liquids 
were added to the solid polymer electrolytes in varying amounts in order to determine 
the optimal ionic liquid fraction and composition of the polymer electrolyte to achieve 
highest ionic conductivity. 
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Preparation and properties of fluoroalkyl end-capped oligomers/boric acid 
nanocomposites 

Takuto Shimamura1, hideosaw@cc.hirosaki-u.ac.jp, Saki Souma1, Masato Yoshida2, 
Hideo Sawada1.  (1) Department of Frontier Materials Chemistry, Hirosaki University, 
Hirosaki, Aomori-ken 036-8561, Japan  (2) School of Medicine, Shimane University, 
Izumo, Shimane-ken 693-8501, Japan 

The molecular weights of fluoroalkyl end-capped oligomers are in general within 10,000, 
and their thermal stability is extremely poor compared with that of traditional 
perfluorinated polymers.1) Thus, from the developmental viewpoints of new fluorinated 
heat resistant materials, it is in particular interest to develop fluoroalkyl end-capped 
oligomers/inorganic nanocomposites.2) In fact, we have already reported that fluoroalkyl 
end-capped N-(1,1-dimethyl-3-oxobutylacrylamide) oligomer [RF-(DOBAA)n-RF]/silica 
nanocomposites, which were prepared by the sol-gel reactions of the corresponding 
oligomer with tetraethoxysilane and silica nanoparticles under alkaline conditions, can 
give no weight loss behavior corresponding to the content of fluorinated oligomer in the 
silica nanocomposite matrices at all even after calcination at 800 oC.3) Here, we report 
that not only silica nanoparticles but also boric acid can be applicable to new fluoroalkyl 
end-capped oligomeric nanocomposites. 

RF-(DOBAA)n-RF oligomer reacted with boric acid to afford the corresponding 
oligomer/boric acid nanocomposites. Interestingly, these obtained nanocomposites 
were found to increase extremely the absorption peaks and fluorescent intensities 
related to the oligomers in the composites. Additionally, we have succeeded in 
preparing a variety of fluoroalkyl end-capped oligomers/boric acid/silica nanocomposites 
by the reactions of the corresponding fluorinated oligomers with boric acid and silica 
nanoparticles under no catalytic or alkaline conditions. Interestingly, it was 
demonstrated that these fluorinated oligomers/boric acid/silica nanocomposites can 
exhibit no weight loss behavior even after calcination at 800 oC, although some of the 
corresponding fluorinated oligomers/silica nanocomposites give a usual weight loss 
under similar conditions. 

1) Sawada, H.; Kikuchi, M.; Nishida, M. J. Polym. Sci. Part A: Polym. Chem. 2011, 49 , 
1070. 



2) a) Sawada, H. Chem. Rev. 1996, 96 , 1779; 

b) Sawada, H. Prog. Polym. Sci. 2007, 32 , 509; 

c) Sawada, H. Polym. J. 2007, 39 , 637. 

d) Sawada, H. Polym. Chem. 2012, 3 , 46. 

3) Sawada, H.; Narumi T. et al., Colloid Polym. Sci. 2007, 285 , 977. 

COLL 293 

Facile syntheses and characterizations of organgels with tunable turbidity and 
stiffness by ring-opening polymerizations (ROPs) of N-carboxyanhydrides (NCAs) 

Jingwei Fan1, jingwei.fan@chem.tamu.edu, Jiong Zou1, Jeffery E. Raymond1, Fuwu 
Zhang1, Xun He1, Shiyi Zhang1,2, Karen L. Wooley1.  (1) Departments of Chemistry and 
Chemical Engineering, Texas A&M University, College Station, Texas 77842, United 
States  (2) Department of Chemistry, Washington University in St. Louis, St. Louis, 
Missouri 63130, United States 

Polypeptide-based organogels, driven by the supramolecular interactions between 
polypeptide segments, have potential applications as responsive materials and 
templates for fabrication of nanostructures. A new type of well-defined diblock 
copolymer of methoxyl poly(ethylene glycol)-block-poly(g-benzyl L-glutamate-co-
glycine) mPEG-b-P(BLG-co-Gly) was facilely synthesized by statistical ring-opening 
polymerization (ROP) of γ-benzyl L-glutamate (BLG) and glycine (Gly) initiated by 
mPEG-amine. The supramolecular assembly of α-helixes and β-sheets in the 
polypeptide segments, which were characterized by attenuated total reflectance-Fourier 
transform infrared spectroscopy (ATR-FTIR), wide-angle X-ray scattering (WAXS) and 
transmission electron microscopy (TEM), enabled these hybrid diblock copolymers to be 
an exceptional organogelators, resulting in gelation with low critical gelation 
concentrations (ca. 0.6 wt%) in N,N-dimethylformamide (DMF). The critical gelation 
concentration, turbidity and stiffness of the organogels could be tuned by simply 
alternating the feed ratio of BLG and Gly NCAs. The physical properties of these 
organogels were studied by dynamic mechanical analysis, having storage moduli of ca. 
1.2 kPa at room temperature. 
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Chemical proof of long-range dipolar coupling 

Brandon E. Hirsch, behirsch@indiana.edu, Kevin P. McDonald, Amar H. Flood, Steven 
L. Tait.Department of Chemistry, Indiana University, Bloomington, Indiana 47405, 
United States 



 

 
 

It is believed that long-range dipolar coupling plays a critical role in the hierarchical 
ordering of supramolecular structures. Here, we show a chemical proof of this concept 
by exploring the self-assembly of a series of aryl-triazole oligomers at the liquid–solid 
interface. The oligomer dipole was modulated by systematically tuning various 
substituents to control the overall self-assembled morphology. Preferential structural 
formation into one of two phases (head-to-head or head-to-tail) is observed using 
scanning tunneling microscopy. The degree of dipolar coupling provides the two 
secondary structures with varying stabilities. This work provides insight into 
programmable long-range forces to enable ordering of smaller building blocks into 
larger more complex structures. 
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Metallosupramolecular assembly of “click” ligands with copper(II) and their 
interactions with bidentate guests 

Uttam R Pokharel, upokharel@lsu.edu, Frank R Fronczek, Andrew W 
Maverick.Department of Chemistry, Louisiana State University, Baton Rouge, LA 
70803, United States 

A series of tetradentate pyridyltriazoles, separated by aromatic spacers, have been 
synthesized to study their coordination with copper(II). The ortho and meta 
xylylenebis(pyridyltriazole) gave dimeric macrocycles of type [Cu2L2]

4+ while the para 
isomer gave a triple helical or 1-D polymer with Cu(II). Even though the cavity size of 
macrocycle obtained from meta xylylenebis(pyridyltriazole) ligand is appropriate for 
accommodating the 1,4-diazabicyclo[2.2.2]octane (dabco) as a guest, the macrocycle 
underwent rearrangement in the presence of dabco giving a trimer [Cu3L3(μ-CO3)]

4+ 
byreaction with atmospheric CO2. The incorporation of dabco molecule inside the 



macrocycle was, however, possible by increasing the distance of aromatic spacer using 
naphthalenyl linker. 
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Stereochemical expression of molecular recognition in the formation of extended 
structures 

Dennis Cao, dcao@u.northwestern.edu, Michal Juríček, Fraser Stoddart.Department of 
Chemistry, Northwestern University, Evanston, IL 60201, United States 

[figure 1]We report the synthesis of two [2]catenane-containing struts which react in the 
presence of Cu(NO3)2•2.5H2O to yield Cu-paddlewheel-based MOF-1050 and MOF-
1051. The solid-state structures of these MOFs reveal that the metal clusters serve to 
join the heptaphenylene struts into grid-like 2D networks. These 2D sheets are then 
held together by infinite donor–acceptor stacks involving the [2]catenanes to produce 
interpenetrated 3D architectures. As a consequence of the planar chirality associated 
with both the DNP and hydroquinone (HQ) units present in the crown ether, each 
catenane can exist as four stereoisomers. In the case of the nondegenerate (bistable) 
catenane, the situation is further complicated by the presence of translational isomers. 
Upon crystallization, however, only two of the four possible stereoisomers—namely, the 
enantiomeric (RR) and (SS) forms—and one of the translational isomers, in the case of 
MOF-1051, are observed in the crystals. The overall topologies of MOF-1050 and MOF-
1051, and the selective formation of stereo- and translational isomers during the 
crystallization, provide evidence that weak noncovalent bonding interactions play a 
significant role in the assembly of these MOF-like extended (super)structures. 
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Guest induced supramolecular dynamic helix reversal for in situ monitoring the 
kinetics of enzymatic ATP hydrolysis 

MOhit Kumar, mohit@jncasr.ac.in, Subi Jacob George.Department of New Chemistry 
Unit, Jawaharlal Nehru Centre For Advanced Scientific Research, Bangalore, Karnataka 
560064, India 

Adenosine phosphate, a biological benign molecule, defines the energy economy of 
most of the living. It exists in its various forms like ATP, ADP and AMP and their 
interconversion phenomena is directly related to various processes occurring in the 
living cell. It is for this reason that lot of research has gone into trying to develop 
sensors for selective and sensitive detection of these phosphates and also a few to 
study the kinetics of their interconversion. Most common method of ATP detection 
utilizes the bioluminescence for detection of ATP. Most methods of ATP detection are 
costly and there is no direct method for Insitu monitoring of ATP and ADP/AMP 
simultaneously to probe their hydrolysis kinetics. 

The present system takes advantage of the guest dependent induction of opposite 
supramolecular helicity in achiral NDI assembly. The dynamic nature of non-covalent 
supramolecular polymer is exploited to show dynamic reversal of helicity upon 
interchange of various guests. Finally, molecule has a very fast and instantaneous 
response to change of binding adenosine phosphates as well as lack of chiral 
amplification in their helical organization. Thus making it most suited to study insitu 
conversion of adenosine phosphates from one form to another. With this we will 
demonstrate the ability of simple supramolecular assembly to be useful in 
understanding various biological processes. 
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Synthesis of iron nanoparticles from iron–arene sandwich complexes 

Anh Nguyen1, nguye102@purdue.edu, Alvaro Ruiz2, Zhenguo Chen1, Jonathan 
Mehtala1, Alexander Wei1.  (1) Chemistry, Purdue University, west lafayette, INDIANA 
47907, United States  (2) Departamento de Quimica, Univ. Nacional Colombia, Ciudad 
Universitaria, Bogota, Colombia 

We have investigated a solvothermal method for synthesizing crystalline iron 
nanoparticles with iron-oxide shells, based on the thermal decomposition of zerovalent 
iron–arene sandwich complexes in the presence of ionic surfactants. The core–shell 
nanoparticles were characterized by XRD, TEM and SAED. We find that the 
nanoparticle sizes and shapes can be adjusted by varying the concentrations and 
molecular structures of the iron–arene complexes and surfactants. 
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Comparison of the effect of modified cyclodextrin molecules on the binding of 
Brooker's merocyanine using spectroscopic and computational methods 

Jennifer S Holt, jennifer.holt@valpo.edu, Benjamin Averill, Jenessa Lucas.Department 
of Chemistry, Valparaiso University, Valparaiso, IN 46383, United States 

Supramolecular chemistry has been used to create new materials with a variety of 
applications. The fundamental study of these materials is critical to understand the host-
guest intermolecular interactions. Experimental results must be combined with 
theoretical structures in order to fully characterize the factors affecting the strength of 
binding on the molecular scale. In this study, various modified cyclodextrin host 
molecules were used with a guest molecule known as Brooker's merocyanine dye (4-
[(1-methyl-4(1H)-pyridinylidene) ethylidene]-2,5-cyclohexadien-1-one). Brooker's 
merocyanine was chosen because it can exhibit quinoidal/zwitterionic characteristics 
depending on the environment, it exhibits an unusually large solvatochromic behavior, 
and it has a relatively unique protonation/photoisomerization cycle. The modified 
cyclodextrins chosen include β-cyclodextrin, hydroxypropyl-β-cyclodextrin, methyl-β-
cyclodextrin, and sulfated-β-cyclodextrin (sodium salt) in order to compare the effects of 
different interactions at the primary and secondary rims of the cyclodextrin cavity with 
the dye. The binding constant, which indicates the relative strength of binding, was 
measured using UV/Vis and fluorescence spectroscopy. These results were then 
correlated to the structures of the dye-cyclodextrin complexes, as determined using the 
ONIOM method in the Gaussian software package. The ONIOM method is an 
improvement beyond the typical cyclodextrin structures found using molecular 
mechanics because it allows the guest molecule to be treated at a higher level of theory 
than the cyclodextrin, thereby improving the accuracy of the results while maintaining 
reasonable computational time. By comparing different states of the dye molecule within 
the modified cyclodextrins, a more complete characterization of the effects of 
substituents, steric effects, charges, and intermolecular interactions has been 
developed. This study will be extended in the future to relate the observations made 
with these complexes not only to other cyclodextrin systems, but also to more different 
host materials as well, such as nanoporous zeolites. 
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Bionanomaterials and nanofabrication for improved localized surface plasmon 
resonance biosensing 

Sarah Unser, Haohan Zhao, Laura Sagle, saglela@uc.edu.Chemistry, University of 
Cincinnati, Cincinnati, Ohio 45220, United States 

Biosensing utilizing Localized Surface Plasmon Resonance (LSPR) offers label-free, 
sensitive, and facile detection.1 However, the measurement of specific proteins of 
interest in complex biological media has been limited due to lack of specificity and 
biofouling.2This presentation will highlight recent advances in LSPR-based biosensing 
devices in the Sagle group to overcome these limitations. Protein-nanoparticle devices 



which monitor changes in solution pH and salt concentration are presented. These 
devices make use of protein conformational changes which mediate the plasmonic 
coupling between nanoparticles. The resulting changes in the LSPR frequency are 
significantly less susceptible to biofouling. Moreover, the specificity stems from the 
protein itself, and is not limited by surface chemistry. Ultimately, our goal is to put such 
plasmonic devices on a surface to allow for microfluidic, on-chip fabrication. In order to 
improve protein-surface compatibility, nanofabrication techniques designed to optimize 
biomolecular orientation and binding capabilities on a surface are also presented. 

1. L.B. Sagle, L.K. Ruvuna, J. A. Ruemmele, and R. P. Van Duyne, Nanomedicine 2011 
, 6, 1447-1462. 

2. Johansson, M.A.; Hellenas, K.E., Analyst 2004 , 129, 438-442; Keating, G.J.; Quinn, 
J.G.; O'Kennedy, R., Anal. Lett.1999 , 32, 2163-2176. 
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Thionated reduced graphene oxide through one-pot solvothermal reaction with 
Berzelius reagent, P4S10 

Ki-Wan Jeon, kiwan.jeon@asu.edu, Dong-Kyun Seo.Biochemistry and Chemistry, 
Arizona State University, Tempe, Arizona 85287, United States 

Graphene-based materials have a great attention for various potential applications such 
as biosensors, electronic devices, batteries, and polymer composites. In order to utilize 
graphene-based materials for those applications, it is important to develop facile 
methods to obtain chemically functionalized graphene since chemical modification is a 
promising strategy to tune chemical and physical properties. The Berzelius reagent 
(P4S10) is one of well-known thionating agent in organic chemistry and can convert 
almost all of oxygen functionalities to sulfur functional groups. Herein, we show that 
efficient and reproducible method for preparation of both oxygen- and sulfur-containing 
functionalized graphene through solvothermal reaction route by using phosphorous 
decasulfide (P4S10) in pyridine. The final products, reduced graphene oxysulfide 
(RGOS), have the atomic ratios of carbon, oxygen, and sulfur in the range from 
9.7:1:0.7 to 12:1:1.2 according to X-ray photoelectron spectroscopy (XPS). The RGOS 
is readily dispersible in both organic solvents and water. The RGOS has been 
characterized by powder X-ray diffraction (PXRD), raman spectroscopy, scanning 
transmission electron microscopy-energy dispersive X-ray spectroscopy (STEM-EDS), 
atomic force microscopy (AFM), and Nano secondary ion spectrometry (NanoSIMS). 
The deposition of RGOS on various substrates and electrical conductivity measurement 
are in progress. 

COLL 302 

Raman enhancement by doping graphene with dipolar molecules 



Myungwoong Kim, mkim233@wisc.edu, Changshui Huang, Nathaniel S Safron, 
Michael S Arnold, Padma Gopalan.Department of Materials Science and Engineering, 
University of Wisconsin - Madison, Madison, WI 53706, United States 

We demonstrate through systematic studies on wavelength dependent Raman signal 
and spatial mapping of Raman signal from dipolar chromophores, that enhanced 
Raman signal from a dipolar molecule latched on to graphene is likely due to a chemical 
enhancement mechanism. Mechanically exfoliated graphene was utilized as a substrate 
to probe the Raman signal of pyrene tethered Disperse Red 1 (DR1P). The 

enhancement factor of Raman signal of DR1P was found to be in the range of 29 ∼ 69 
at 532 nm excitation. As surface coverage of DR1P increases, Raman intensity 
increases and saturates at a certain concentration. Quantitative analysis shows a higher 
Raman scattering cross-section compared to the solution value. The saturation of the 
Raman intensity at higher DR1P concentrations, shifts in the G and 2D bands as well as 
increased Raman cross-section suggests a chemical mechanism due to charge transfer 
between the molecule and graphene through doping. 
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Understanding surfactant/graphene interactions using a graphene field effect 
transistor: Relating molecular structure to hysteresis and carrier mobility 

Chih-Jen Shih, cjshih@mit.edu, Geraldine L.C. Paulus, Qing Hua Wang, Zhong Jin, 
Daniel Blankschtein, Michael S. Strano.Department of Chemical Engineering, MIT, 
Cambridge, MA 02139, United States 

Manipulation of transport hysteresis on graphene transistors and understanding electron 
transfer between graphene and polar/ionic adsorbates are important for the 
development of graphene-based sensor devices and nonvolatile memory electronics. 
We have investigated the effects of commonly used surfactants for graphene dispersion 
in aqueous solution on transport characteristics of graphene transistors. The adsorbates 
are found to transfer electrons to graphene, scatter carrier transport, and induce 
additional electron−hole puddles when the graphene is on an SiO2 substrate. We relate 
the change in transport characteristics to specific chemical properties of a series of 
anionic, cationic, and neutral surfactants using a modification of a self-consistent 
transport theory developed for graphene. To understand the effects of surfactant 
adsorbates trapped on either side of the graphene, suspended devices were fabricated. 
Strong hysteresis is observed only when both sides of the graphene were exposed to 
the surfactants, attributable to their function as charge traps. This work is the first to 
demonstrate the control of hysteresis, allowing us to eliminate it for sensor and device 
applications or to enhance it to potentially enable nonvolatile memory applications. 
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Understanding the pH-dependent behavior of graphene oxide aqueous solutions: 
A comparative experimental and molecular dynamics simulation study 



Chih-Jen Shih, cjshih@mit.edu, Shangchao Lin, Richa Sharma, Michael S. Strano, 
Daniel Blankschtein.Department of Chemical Engineering, MIT, Cambridge, MA 02139, 
United States 

Understanding the pH-dependent behavior of graphene oxide (GO) aqueous solutions 
is important to the production of assembled GO or reduced GO films for electronic, 
optical, and biological applications. We have carried out a comparative experimental 
and molecular dynamics (MD) simulation study to uncover the mechanisms behind the 
aggregation and the surface activity of GO at different pH values. At low pH, the 
carboxyl groups are protonated such that the GO sheets become less hydrophilic and 
form aggregates. MD simulations further suggest that the aggregates exhibit a GO-
water-GO sandwichlike structure and as a result are stable in water instead of 
precipitating. However, at high pH, the deprotonated carboxyl groups are very 
hydrophilic such that individual GO sheets prefer to dissolve in bulk water like a regular 
salt. The GO aggregates formed at low pH are found to be surface active and do not 
exhibit characteristic features of surfactant micelles. Our findings suggest that GO does 
not behave like conventional surfactants in pH 1 and 14 aqueous solutions. The 
molecular-level understanding of the solution behavior of GO presented here can 
facilitate and improve the experimental techniques used to synthesize and sort large, 
uniform GO dispersions in a solution phase. 

COLL 305 

Disorder imposed limits of mono- and bilayer graphene electronic modification 
using covalent chemistry 

Chih-Jen Shih, cjshih@mit.edu, Qing Hua Wang, Zhong Jin, Geraldine L.C. Paulus, 
Daniel Blankschtein, Michael S. Strano.Department of Chemical Engineering, MIT, 
Cambridge, MA 02139, United States 

A central question in graphene chemistry is to what extent chemical modification can 
control an electronically accessible band gap in monolayer and bilayer graphene (MLG 
and BLG). Density functional theory predicts gaps in covalently functionalized graphene 
as high as 2 eV, while this approach neglects the fact that lattice symmetry breaking 
occurs over only a prescribed radius of nanometer dimension, which we label the S-
region. Therefore, high chemical conversion is central to observing this band gap in 
transport. We use an electrochemical approach involving phenyl-diazonium salts to 
systematically probe electronic modification in MLG and BLG with increasing 
functionalization for the first time, obtaining the highest conversion values to date. We 
find that both MLG and BLG retain their relatively high conductivity after 
functionalization even at high conversion, as mobility losses are offset by increases in 
carrier concentration. For MLG, we find that band gap opening as measured during 
transport is linearly increased with respect to the ID/IG ratio but remains below 0.1 meV 
in magnitude for SiO2 supported graphene. The largest transport band gap obtained in 
a suspended, highly functionalized (ID/IG = 4.5) graphene is about 1 meV, lower than 
our theoretical predictions considering the quantum interference effect between two 



neighboring Sregions and attributed to its population with midgap states. On the other 
hand, heavily functionalized BLG (ID/IG = 1.8) still retains its signature dual-gated band 
gap opening due to electric-field symmetry breaking. We find a notable asymmetric 
deflection of the charge neutrality point (CNP) under positive bias which increases the 
apparent on/off current ratio by 50%, suggesting that synergy between symmetry 
breaking, disorder, and quantum interference may allow the observation of new 
transistor phenomena. These important observations set definitive limits on the extent to 
which chemical modification can control graphene electronically. 
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Synthesis of functionalized monodisperse magnetic nanoparticles for 
bioapplications 
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47405, United States  (3) Faculty of Science, Department of Physics, King Abdulaziz 
University, Jeddah, Saudi Arabia 

Magnetic nanoparticles (MNPs) have gained considerable attention due to their broad 
technological applications including bioapplications such as contrast enhancement 
agents for magnetic resonance imaging (MRI), drug delivery, and hyperthermia 
treatment. The important factor is that MNPs have the capability to be manipulated at a 
distance through the application of external magnetic fields. Here we are reporting 
functionalization of monodisperse MNPs of different sizes and shapes with alternating 
copolymer, poly(maleic anhydride-alt-octadecene), modified with poly(ethylene glycol) 
tails of different lengths. Due to formation of a hydrophobic bilayer on the MNP surface 
by hydrophobic interactions of oleic acid and octadecane tails, hydrophobic compounds, 
such as Rhodamines, can be absorbed. We will discuss the hydrophobic drug (dye) 
uptake from aqueous solutions by functionalized MNPs followed by its release under 
hyperthermia conditions. We thank the Deanship of Scientific Research, King Abdulaziz 
University, Jeddah, under grant no.(GR-33-7) for financial support. 
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Synthesis of noble metal alloy nanoparticles using iron oxide nanoparticles as an 
iron source 

Rosemary Easterday1, reasterd@umail.iu.edu, Gregory Gumina1, Andrey G Malyutin1, 
Barry D Stein2, Linda Zh Nikoshvili3, Esther M Sulman3, David Gene Morgan1, Yaroslav 
B Losovyj1, Lyudmila M Bronstein1,4.  (1) Department of Chemistry, Indiana University, 
Bloomington, IN 47405, United States  (2) Department of Biology, Indiana University, 
Bloomington, IN 47405, United States  (3) Department of Biotechnology and Chemistry, 



Tver State Technical University, Tver, Russian Federation  (4) Faculty of Science, 
Department of Physics, King Abdulaziz University, Jeddah, Saudi Arabia 

Noble metal alloy nanoparticles (NPs) such as PtFe, RuFe and PdFe NPs are desirable 
due to their excellent catalytic properties and lower usage of expensive noble metals. 
We developed synthetic procedures to produce such NPs using iron oxide particles as 
an iron source. We demonstrated that amounts of surfactants, their purity, precursor 
iron oxide NP size, etc. contribute to resulting alloy NP sizes and morphology. In the 
case of PtFe NPs, they may coexist with iron oxide NPs in the reaction product. This 
mixture obtained in situ allows much higher catalytic activity in hydrogenation of methyl-
3-buten-2-ol than that of only PtFe nanoparticles or merely mixed PtFe and iron oxide 
particless. The presence of both PtFe and iron oxide NPs allows also formation of 
dense and stable NP arrays which hold promise for catalytic applications in 
microreactors or other reactor designs where a catalytic film is favored. 
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Magnetically recoverable thermally stable polymer-based catalysts 

Kenan Alibegovic1, kalibego@imail.iu.edu, Barry D Stein2, Svetlana A. Sorokina3, 
Ekaterina Yu Yuzik-Klimova3, Nina V. Kuchkina3, David Gene Morgan1, Linda Zh 
Nikoshvili4, Esther M Sulman4, Zinaida B Shifrina3, Lyudmila M Bronstein1,5.  (1) 
Department of Chemistry, Indiana University, Bloomington, IN 47405, United States  (2) 
Department of Biology, Indiana University, Bloomington, IN 47405, United States  (3) 
A.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of 
Sciences, Moscow, Russian Federation  (4) Department of Biotechnology and 
Chemistry, Tver State Technical University, Tver, Russian Federation  (5) Faculty of 
Science, Department of Physics, King Abdulaziz University, Jeddah, Saudi Arabia 

To develop magnetically recoverable catalysts, magnetic (iron oxide) nanoparticles 
(NPs) were formed by thermal decomposition of iron acetylacetonate in the presence of 
thermally stable polymers such as polyphenylquinoxalines (PPQs). PPQs act as 
capping molecules forming iron oxide NP shells. These polymers bear nitrogen-
containing heterocycles in every repeating unit allowing further coordination with 
transition metals and stabilization of the catalytic NPs in the magnetic NP shells. We 
demonstrate that the PPQ characteristics and the concentration in reaction solution 
influence the ability of the polymers to stabilize iron oxide NPs and catalyst formation. 
The catalysts formed can withstand high reaction temperatures and high pressures, 
allowing the development of exceptionally stable catalysts. 
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Magnetically recoverable catalysts based on polyphenylenepyridyl dendrons and 
dendrimers 



Bethany Boris1, bsboris@umail.iu.edu, Frank Prather1, Kenan Alibegovic1, Barry D 
Stein2, David Gene Morgan1, Nina V Kuchkina3, Ekaterina Yu Yuzik-Klimova3, Svetlana 
A Sorokina3, Linda Zh Nikoshvili4, Esther M Sulman4, Zinaida B Shifrina3, Lyudmila M 
Bronstein1,5.  (1) Department of Chemistry, Indiana University, Bloomington, IN 47405, 
United States  (2) Department of Biology, Indiana University, Bloomington, IN 47405, 
United States  (3) A.N.Nesmeyanov Institute of Organoelement Compounds, Russian 
Academy of Sciences, Moscow, Russian Federation  (4) Department of Biotechnology 
and Chemistry, Tver State Technical University, Tver, Russian Federation  (5) Faculty 
of Science, Department of Physics, King Abdulaziz University, Jeddah, Saudi Arabia 

Functionalized magnetic nanoparticles (NPs) were shown to be excellent candidates for 
the development of magnetically recoverable catalysts. The goal of the present project 
is to synthesize magnetically controllable catalysts based on magnetic nanoparticles 
and polyphenylenepyridyl dendrons/dendrimers of different structure and generations. It 
was discovered that the dendron/dendrimer structure, their generation, and the 
concentration in the reaction medium determine the size and shape of magnetic iron 
oxide NPs. Complexation of metal compounds with pyridine moieties of the 
dendron/dendrimer NP shells followed by reduction results in catalytic NPs whose 
characteristics depend on the dendron/dendrimer structure, metal compound and 
reducing agent types. The catalytic properties of magnetically recoverable catalysts in 
hydrogenation have been examined. High catalytic activity and selectivity along with 
high catalyst stability make them promising candidates for catalytic applications in fine 
organic syntheses. 
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Nano size and phase-dependent cytoprotective and cytotoxic properties of metal 
oxide nanoparticles 

Sathish Ponnurangam1, sp2522@columbia.edu, Grace D O'Connell2, Irina 
Chernyshova1, Katherine Wood2, Clark T Hung2, Ponisseril Somasundaran1.  (1) Earth 
and Environmental Engineering, Columbia University, New York, NY 10027, United 
States  (2) Biomedical Engineering, Columbia University, New York, NY 10027, United 
States 

Metal oxide nanoparticles are being increasingly introduced into biomedical applications 
such as tissue engineering as well as in consumer products, which has boosted 
extensive research towards developing predictive paradigms and manipulating of their 
(bio-)activity. The core hypothesis which is tested in this work is that the bioactivity of 
the nanoparticles is defined by their intrinsic properties such as the composition, lattice 
structure and size/morphology which in turn define their catalytic activity. This 
hypothesis is tested using extensively characterized ferric oxide and cerium oxide 
nanoparticles from the perspective of their application in tissue engineering of articular 
cartilage. The experimental and methodological results obtained are an important step 
towards employment of metal oxide nanoparticles in tissue engineering as well as in the 



research of the environmental health and safety aspect of engineered and natural 
nanomaterials. 
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Chemically powered nanomotor 

Imalka Munaweera, msm110020@utdallas.edu, Jessica Hong, Michael Trinh, Kenneth 
J Balkus Jr..Department of Chemistry and the Alan G. MacDiarmid Nanotech Institute, 
University of Texas at Dallas, Richardson, Texas 75080, United States 

Self-propelled nanoscale motors, or nanomotors, use nanolocomotion, the propulsion of 
any nanoscale object via an anisotropic force, which is usually facilitated by an 
asymmetric structure, to drive themselves forward. Although this phenomenon has the 
capacity to be effective in site specific drug delivery, nanoreactors for catalysis, and 
biosensing, current nanomotors lack; 1) biocompatibility 2) morphogenesis, 3) loading 
capabilities, and 4) the ability to execute nanolocomotion at a non-toxic, neutral pH, thus 
eliminating the possibility for their biological applications. Here we report for the first 
time asymmetric mesoporous silica nanoparticle (MSN) delivery vehicles that employ 
magnesium nanoparticles to produce hydrogen gas and nanolocomotion at neutral pH. 
The MSN containing magnesium nanoparticles were characterized by XRD, SEM, and 
TEM. Video images show the motion of the MSNs propelled by hydrogen gas at a rate 
of 0.2 μms-1. Results for the delivery of aspirin across a membrane will be presented. 
The results indicate the nanomotors are suitable delivery vehicles for the storage of 
magnesium fuel and cargo. 
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Improved biocompatibility and water dispersity of pluronic polymer capped 
mesoporous silica nanoparticle drug carriers 

Adem Yildirim1,2, ademy@bilkent.edu.tr, Gokcen B Demirel2,3, Mehmet 
Bayindir1,2,4.  (1) Institute of Materials Science and Nanotechnology, Bilkent University, 
Ankara, Turkey  (2) UNAM-National Nanotechnology Research Center, Bilkent 
University, Ankara, Turkey  (3) Department of Chemistry, Gazi University, Ankara, 
Turkey  (4) Department of Physics, Bilkent University, Ankara, Turkey 

Mesoporous silica nanoparticles (MSNs) are very promising materials for biomedical 
applications as drug carriers and theranostic agents due to their high surface area and 
pore volume, robust structure and ease of surface functionalization. However, their low 
biocompatibility and high aggregation tendency in biological media restrict their in vivo 
applications. There is a general acceptance that toxicity of silica based nanomaterials is 
related with their surface silanol groups. These negatively charged groups can 
electrostatically interact with positively charged tetraalkylammonium moieties cell 
membrane and can lead to cytotoxicity by membranolysis or inhibition of cellular 
respiration. In addition, silanol groups promote the aggregation in highly salted 



biological media, which can also result in serious toxicity by mechanically obstructing 
the capillary vessels of several vital organs, leading organ failure and even death. 
Therefore, replacing the surface silanol groups with biocompatible molecules is 
essential to improve the biocompatibility of MSNs.  

In this context, here we report a facile method to prepare biocompatible MSNs drug 
carriers using octyl modified hydrophobic MSNs and a pluronic block copolymer (F127). 
F127, contains two hydrophilic and biocompatible polyethylene glycol (PEG) blocks and 
a hydrophobic polypropylene oxide (PPO). When the powder of hydrophobic MSNs are 
added into the F127 solution they can be easily transferred to the water by self-
assembly of F127 molecules on to the hydrophobic MSN surface. The F127 capped 
particles are dispersible in both water and phosphate buffered saline (PBS), where 
uncoated MSNs were easily aggregated and precipitated. F127 capped MSNs 
demonstrated good cytocompatibility with MCF-7 cells red blood cells and low 
thrombogenic activity. Also, we demonstrated the sustained release of cargo molecules 
from pluronic capped MSNs. We believe that the facile capping method demonstrated in 
this study is an excellent candidate for developing biocompatible silica based 
nanocarriers and theranostic agents. 
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Synthesis and photocatalytic properties studies of (ZnS)x(CuInS2)1-x alloyed 
semiconductor nanorods 

Chen Ye1,2, yechen@nus.edu.sg, Michelle D. Regulacio2, Suo Hon Lim2, Ming-Yong 
Han2,3, Qing-Hua Xu1.  (1) Department of Chemistry, National University of Singapore, 
Singapore, Singapore  (2) Institute of Materials Research and Engineering, Agency for 
Science, Technology and Research (A*STAR), Singapore, Singapore  (3) Department 
of Bioengineering, National University of Singapore, Singapore, Singapore 

The quarternary alloyed semiconductor, (ZnS)x(CuInS2)1-x (or ZCIS) has been 
attracting widespread attention in recent years because of its potential technological 
applications and low toxicity. Herein, the colloidal preparation of rod-shaped ZCIS 
nanocrystals through a simple non-injection synthetic approach is presented. These 
alloyed ZCIS nanorods adopt the hexagonal wurtzite crystal structure and display 
preferential growth in the direction of the c axis. By adjusting the ratio of ZnS to CuInS2, 
the bandgap of the alloyed nanorods could be tuned conveniently. A non-linear 
dependence of the bandgap on the alloy composition is observed. An investigation of 
photocatalytic activity showed that these ZCIS nanorods can be effectively used as 
photocatalysts in visible-light-driven degradation of Rhodamine B. In addition, the 
successful preparation of Au-ZCIS nanoheterostructures by attaching Au nanoparticles 
onto the surface of the ZCIS nanorods is presented. The attachment of Au 
nanoparticles onto the ZCIS semiconductor nanorods would promote a more efficient 
charge separation, and this is expected to result in an enhancement of the 
photocatalytic efficiency of the material. 
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Sterically directed chalcogenides: Self-assembling superstructures of 
n-dimensional materials 

J. Nathan Hohman, hohmanjn@stanford.edu, Hao Yan, Nicholas A 
Melosh.Department of Materials Science and Engineering, stanford university, stanford, 
California 94025, United States 

We report a strategy for using steric direction to construct self-assembling metal 
chalcogenolate superstructures comprised of either 1- or 2-dimensional subunits. 
Reactions between sulfhydryl and metal ions (Ag+, Cu+, and Cd+) are harnessed and 
directed by an associated molecular sidegroup, producing inorganic materials of 
controlled dimensionality mediated by the shape of and interactions between the 
sidegroups. Sterically directed chalcogenolates (SDCs) are hierarchically organized 
materials with bonding configurations and porosity defined by the molecular sidegroups. 
Bulky groups crowd the metal coordination sphere and direct the material into a 
superstructure of 1-dimensional wires that extend by chain elongation whereas compact 
sidegroups produce extended 2-dimensional laminar materials. We employ thiol-
derivatized ferrocene, carborane, and diamondoids to investigate how altering 
molecular geometry, intermolecular forces, and chemical functionality cause the SDC 
system to respond at atomic-, supramolecular-, and macroscales. Single-crystal X-ray 
diffraction solutions for a variety of SDCs provide the basis for design principles useful 
for developing new semiconducting, superconducting, superionic, and topological 
insulating materials. 
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Design and function of supramolecular sensors based on ditopic 
azoprobe/cyclodextrin complexes in water 

Takashi Hayashita, ta-hayas@sophia.ac.jp.Department of Material and Life Sciences, 
Sophia University, 7-1 Kioi-cho, Chiyoda-ku, Tokyo 102-8554, Japan 

Ditopic receptor is a compound possessing two recognition sites and an excellent 
recognition function is expected when two guest molecules exist in the system. In this 
study, ditopic azoprobes having crown ether and metal complex of dipicolylamine as 
recognition sites have been designed. The inclusion complex of the probe with 
cyclodextrin was found to show a unique supramolecular chirality in water. Thus the 
induced circular dichroism (ICD) responses were only noted by addition of carbonate or 
acetate ions in the presence of alkali metal and zinc ions. These guest selective ICD 
responses will be discussed in relation to their different dimer structures inside 
cyclodextrin in water (Fig. 1). 
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Self-assembly of functional materials 

Jon R Parquette, parquett@chemistry.ohio-state.edu.Chemistry, The Ohio State 
University, Columbus, oh 43210, United States 

The self-assembly of small molecules into one-dimensional nanostructures offers many 
potential opportunities for the development of new biomedical materials with functions 
ranging from targeted drug delivery to tissue engineering. We have developed several 
versatile strategies that permit functional chromophores to be assembled into one-
dimensional nanostructures, such as nanotubes, based on β-sheet aggregation and/or 
amphiphilic association in water. A key element of this strategy takes advantage of the 
cofactor to drive self-assembly via hydrophobic Π-Π stacking interactions. The Π-Π 
interactions are further attenuated by designed intermolecular electrostatic repulsions, 
which are generally created by protonated lysine residues. Thus, by adjusting the 
balance of attractive and repulsive forces, the self-assembly process can betailored to 
provide discrete, soluble nanostructures with controllable properties and functionality. In 
this lecture, we will describe our efforts to create nanostructures for optoelectronic and 
biomedical applications. 
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Micelle-like molecular capsules with large aromatic shells as photofunctional 
hosts 

Michito Yoshizawa, yoshizawa.m.ac@m.titech.ac.jp, Kei Kondo, Akira Suzuki, 
Munetaka Akita.Chemical Resources Laboratory, Tokyo Institute of Technology, 
Yokohama, Kanagawa 226-8503, Japan 



Micelles are spherical assemblies of amphiphilic molecules and one of the oldest 
classes of supramolecules. They are used in a wide range of practical applications, 
such as dissolution, separation, preservation, and as reaction vessels. The amphiphiles 
are typically linear molecules with hydrophilic “heads” and hydrophobic “tails”, so that 
hydrophobic interactions in water induce the spontaneous formation of spherical 
aggregates. Inspired by the assembly of micelle structures, we envisaged that 
aromatic–aromatic interactions between large aromatic rings could replace the requisite 
long hydrophobic tail and favor the assembly of a new class of molecular capsules with 
potential applications as functional containers and reactors. Here we report the 
preparation of micelle-like molecular capsules from amphiphilic molecules by the use of 
curved large aromatic panels instead of the usual hydrophobic tails.[1] The self-
assembly of these capsules is promoted by a combination of hydrophobic forces and 
pai-stacking interactions. The hydrophobic cavity of the capsule, defined by the 
fluorescent anthracene shell, successfully encapsulated well-known hydrophobic 
fluorescent dyes (e.g., Nile red and DCM) to produce photoactive host–guest 
complexes. 

 

 
 

Ref. [1] K. Kondo, A. Suzuki, M. Akita, M. Yoshizawa, Angew. Chem. Int. Ed., 2013 , 52, 
2308-2312. 
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University, Evanston, IL 60208, United States  (2) Department of Chemical and 
Biological Engineering, Northwestern University, Evanston, IL 60208, United States 

Pillararenes are a new class of π-electron-rich macrocycles with a cylindrical structure 
composed of hydroquinone units connected by methylene bridges in their para 
positions. Recently, we have become interested in incorporating pillararenes into metal-
organic frameworks (MOFs) to examine how electron-poor guests interact with the 
macrocyclic active domain of the material (Strutt, N.L. et. al., J. Am. Chem. Soc., 2012 , 
134, 17436). A rigid organic strut with a pillar[5]arene (P5A) backbone has been 
synthesized, and P5A-MOF-1 was grown with Zn4O secondary building units (See 
Figure). P5A-MOF-1 was discovered to take up large quantities of electron-poor guests 
from solution, including nitroaromatics. A color change occurs in the crystal upon guest 
binding due to charge-transfer interactions between the encapsulated guest and the π-
electron-rich cavity, indicating that P5A- MOF-1 may find application as a sensor for 
electron-deficient aromatics. 

 

 
 

The rigid difunctionalization of pillar[5]arene needed to create the organic strut imparts 
planar chirality onto the macrocycle. While a racemic modification was used to 
synthesize P5A-MOF-1, an enantiopure pillar[5]arene strut can be used to produce a 
homochiral version of P5A-MOF. A racemic modification of the strut has been resolved 
through the use of a chiral auxiliary protecting group. Upon deprotection, the synthesis 
of a homochiral version of P5A-MOF-1 was achieved. The structural properties of 
homochiral P5A-MOF are being studied along with its ability to act as a solid-phase 
support for the separation of small molecule racemates. 
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Self-recognition achieved in the assembly of hydrophilic macroions due to 
counterion-mediated attraction 



Tianbo Liu, tliu@uakron.edu.Department of Polymer Science, The University of Akron, 
Akron, OH 44325, United States 

Exploring the transition stage between traditional simple ions and large colloidal 
particles – macroionic solutions helps us to address the fundamental question “what 
happens when soluble inorganic ions reach the size of nanometer scale?” In this regime 
the charged solutes have solution behavior fundamentally different from the above two 
categories. The best model macroions are polyoxometalate (POM) macroanions and 
metal-organic hybrid cations – both are structurally well-defined, strictly monodispersed 
molecular clusters with sometimes accurately tunable charge density. Such macroions 
tend to strongly attract with each other although they carry the like charges, and 
demonstrate unique self-assembly behaviors involving counter-ion-mediated attractions. 
In dilute solutions, the macroions with moderate charges tend to reversibly self-
assemble into robust, single-layered, hollow, spherical “blackberry” structures while the 
blackberry size can be accurately controlled by the solvent content, macroionic charge 
density or solution pH. The blackberry structure represents a universal, free-energy 
favored state of soluble inorganic ions which have large sizes and carry moderate 
amount of charges. 

Many unexpected, exciting phenomena have been observed in macroionic solutions. 
The hydrophilic maroions offer an important connection between traditional fields such 
as simple ions, colloidal suspensions and polyelectrolytes (including 
biomacromolecules). The blackberry formation mimics some biological processes, such 
as the virus capsid shell formation, in many aspects, from the formation mechanism to 
the permeability to small cations. The macroions can also be used as simple but 
valuable models to understand some fundamental biological behaviors involving long-
range electrostatic interactions, such as the self-recognition of biological assemblies. 
The inorganic macroions with can achieve the level of self-recognition similar to 
biomolecules in dilute solution, even among highly similar macroions (identical in size, 
shape or change) or even among enantiomers. The delicate very high activation energy 
barrier for the dimer/oligomer formation based on long-range electrostatic interaction is 
believed to be responsible for this unique phenomenon. 

COLL 320 

Multimetal supramolecular systems containing C=N ligating units with highly 
cooperative functions 

Tatsuya Nabeshima, nabesima@chem.tsukuba.ac.jp.Department of Chemistry, 
University of Tsukuba, Tsukuba, Ibaraki 305-8571, Japan 

Cooperative regulation is useful to construct a host responding to external stimuli 
because dynamic and/or fine regulation of the functions can be achieved due to the 
synergistic interactions, as seen in allosteric systems. To design cooperative metallo-
systems we have utilized salen, saloph and salamo (1,2-
bis(salicylideneaminooxy)ethane) as a strong ligation site to a metal ion. Here we report 



linear and macrocyclic ligands containing these ligating units as precursors for multi-
metal supramolecular systems. These ligands showed a highly cooperative metal 
binding behavior to give the corresponding homo- and hetero multi-nuclear metal 
complexes. In the cases of the linear ligands the helical sense of such metal complexes 
can be controlled by introducing a chiral auxiliary. In addition, we successfully changed 
the helicity of a multi-metal system that has crown ether moieties when diammonium 
guests were used as an external stimulus. Formation and morphology control of 
molecular assemblies of the macrocyclic multi-metal complexes are also presented. 
Other examples of cooperative and functional saloph and salamo metallo-
supramolecular systems will also be discussed. 
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Assembly of rigid macrocycles into functional covalent nanotubes 

Severin T. Schneebeli, severin.schneebeli@northwestern.edu, Fraser Stoddart, Marco 
Frasconi, Yilei Wu, Chuyang Cheng, Nathan L. Strutt, James Holcroft, Nicolaas 
Vermeulen, Karel J. Hartlieb.Department of Chemistry, Northwestern University, 
Evanston, Illinois 60208, United States 

Conjugated, covalently bound nanotubes have great potential to be employed as 
chemical and mechanical sensors, as components of miniature electronic devices, and 
as vessels for targeted drug delivery systems. In order to create new classes of 
functional nanotubes with pre-defined diameters, lengths and tunable properties, we are 
linking rigid macrocyles together in a face-to-face manner under dynamic covalent self-
assembly conditions. To achieve this goal, we have computationally designed and 
synthesized several new classes of macrocycles of varying shapes, including the 
asararenes (see Figure) and naphtalenediimide (NDI)-based triangles. The asararenes 
are a family of highly symmetrical, large, aromatic macrocycles, which are prepared by 
reacting asarol methyl ether (1,2,4,5-tetramethoxybenzene) with paraformaldehyde in 
the presence of boron trifluoride etherate (see: Schneebeli, S. T. et al. Chem. Eur. J. 
2013 , 19, 3860–3868, Front Cover Article). The more recently developed NDI-triangles, 
which can also be linked into covalently bound conducting nanotubes, have been found 
to form radical anions delocalized fully over three NDI-units upon reduction. The host-
guest chemistry of these novel, redox active macrocycles with radical anionic cavities 
and their potential usage as catalysts will be discussed. 
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Self-assembly of molecular spheres: Bottom-up approach to functional 
nanoparticles 

Makoto Fujita, mfujita@appchem.t.u-tokyo.ac.jp.Department of Applied Chemistry, The 
University of Tokyo, Bunkyo-ku, Tokyo 113-8656, Japan 

Self-assembly is a powerful technique for the bottom-up construction of discrete, well-
defined nano-scale structures. Large (> 50) multi-component systems offer mechanistic 
insights into biological assembly but are daunting synthetic challenges. Here, we report 
the self-assembly of giant, MnL2n coordination spheres from n palladium ions (M) and 
2n curved bridging ligands (L).[1-3] The structure of these multi-component systems is 
highly sensitive to the geometry of the bent ligands. Even a slight change in the ligand 
bend angle critically switches the final structure observed across the entire ensemble of 
building blocks between M24L48 and M12L24 coordination spheres.[2,4] The amplification of 
a small initial difference into an incommensurable difference in the resultant structures 
is a key mark of emergent behavior. Functionalization at the periphery[5-8] and the 
interior[9-13]of the giant spheres to give well-defined, functional nanoparticles will be also 
discussed. 

[1] M. Tominaga et al.  Angew. Chem. IE 2004 , 43, 5621. [2] Q.-F. Sun et al.  Science 

2010 , 328, 1144. [3] S. Sato et al.  J. Am. Chem. Soc. 2009 , 131, 6064. [4] J. Bunzen 

et al. Angew. Chem. IE. 2012 , 51, 3161. [5] N. Kamiya et al. J. Am. Chem. Soc. 2007 , 

129, 3816. [6] M. Ikemi et al.  Chem. Sci. 2010 , 1, 68. [7] T. Kikuchi et al.  J. Am. 

Chem. Soc. 2010 , 132, 15930. [8] Q.-F. Sun et al. Nature Chem., 2012 , 4, 330. [9] S. 

Sato et al.  Science 2006 , 313, 1273. [10] K. Suzuki et al.  Angew. Chem. IE. 2008 , 

47, 5780. [11] K. Suzuki et al.  Nature Chem. 2010 , 2, 25. 
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Supramolecular interaction as a facile strategy to assemble multifunctional viral 
nanoparticles 

Limin Chen2, Xia Zhao2, Peiyi Wang1, Jun Hu1, Yuan Lin2, Qian Wang1, 
wang263@mailbox.sc.edu.  (1) Department of Chemistry and Biochemistry, University 
of South Carolina, Columbia, SC 29208, United States  (2) Changchun Institute of 
Applied Chemistry, Chinese Academy of Sciences, Changchun, Jilin 130022, China 

Viral nanoparticles (VNPs) derived from plants and bacteria are natural supramolecular 
building blocks with well-defined, programmable, multivalent and monodisperse 
structures, which can be produced in large quantities in short time. To date, VNPs have 
attracted great attentions in the areas of biomaterials synthesis, tissue-specific imaging, 
drug delivery and vaccine development. A number of chemical reactions have been 
adapted to functionalize VNPs, including conventional bioconjugation chemistries and 
different kinds of click chemistries. To formulate multifunctional VNPs simultaneously 
carrying targeting ligands, diagnostic and/or therapeutic cargos, we introduced the 
supramolecular interactions into VNPs systems. Due to the reversibility and stimuli-
responsibility of supramolecular interactions, we demonstrate the resulted particles can 
be effectively used in drug delivery and self-assembly applications. 

COLL 324 

New organic functional materials for solar cells 

Yoshinori Yamamoto1,2, yoshi@dlut.edu.cn, Tienan Jin2, Naoki Asao2.  (1) State Key 
Laboratory of Fine Chemicals, Dalian University of Technology, Dalian, China  (2) WPI-
Advanced Institute for Materials Research, Tohoku University, Sendai, Miyagi 980-
8577, Japan 

Regarding to the increasing demands in green materials, we are interested in the 
development of new and sustainable catalysts for organic synthesis as well as the 
organic functional materials for solar cells. Recently, we have demonstrated that 
nanoporous metals with a 3D open pore network structure exhibited a robust catalytic 
activity in various heterogeneous chemical reactions. This part will be presented by Mr. 
Hon Eong Ho in our laboratories. Another research, which has been focused on 
recently, is the development of new organic functional materials for solar cells. Herein, I 
present the recent our achievements including new functional fullerene derivatives as 
an electron-acceptor instead of the standard PCBM for bulk-heterojunction solar cells 
and new metal-free D-π-A organic dyes as a TiO2 photosensitizer for dye-sensitized 
solar cells. 
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Metal-organic polyhedra as materials for energy and gas storage applications 



Zac Perry, zac.perry@chem.tamu.edu, Hongcai Zhou.Department of Chemistry, Texas 
A&M University, College Station, TX 77843, United States 

The current study of gas storage relies heavily on extended porous materials such as 
Zeolites, Metal-Organic Frameworks(MOFs), and Porous Polymer Networks(PPN).The 
study of discrete molecular cages, metal-organic polyhedra(MOPs), which also have an 
inherent porosity are not generally considered in these applications. Crystalline 
alignment of these cages presents structures remarkably similar to MOFs with well 
defined pores and channels. Gas storage in these materials has been difficult to 
achieve as activation can sharply decrease the porosity of the sorbent. However, the 
tunable synthesis of these materials provides a new opportunity for gas storage and 
separation as well as opportunities for solution state chemistry that is unavailable to 
related materials such as MOFs. 
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Oxygen transport in nanocomposite materials based on perovskite-type oxide 
PrNi1-xCoxO3 (Ln=Pr, La) as cathodes for intermediate temperature solid oxide fuel 
cells 

Alevtina Smirnova1, Alevtina.Smirnova@sdsmt.edu, Vladislav Sadykov2,5, Vladimir 
Usoltsev2,5, Nikita Eremeev2, Ekaterina Sadovskaya2, Nikolay Uvarov4, Josef Mertens3, 
Vitaliy Muzykantov2.  (1) Department of Chemistry and Applied Biological Sciences, 
South Dakota School of Mines and Technology, Rapid City, SD 57701, United 
States  (2) Boreskov Institute of Catalysis, Novosibirsk, Russian Federation  (3) Institute 
of Energy and Climate Research Forschungszentrum Julich GmbH, Julich, 
Germany  (4) Institute of Solid State Chemistry and Mechanochemistry SB RAS, 
Novosibirsk, Russian Federation  (5) Novosibirsk State University, Novosibirsk, Russian 
Federation 

Solid Oxide Fuel Cell (SOFC) cathodes are known as a major source of power losses 
especially when operating at intermediate temperature (IT) in the range of 600-800oC. 
Cathode materials with nanocomposite structure, e.g. perovskite-electrolyte composites 
or layered Ruddlesden-Popper type oxides, offer possibility to improve the oxygen 
transport by creating the channels of fast diffusion along perovskite/fluorite interface. 
This work presents the results regarding specific transport properties of 
nanocomposites based on perovskite-type oxides containing Pr and Ni/Co cations not 
doped with Sr and combined with doped ceria electrolytes. The evaluated specific rates 
of exchange were found to exceed the values typical for Ni, Co-containing perovskites 
due to migration of transition metal cations on doped ceria domains. Exchange kinetics 
in SSITKA mode for nanocomposites was well fitted by a model considering ion 
exchange controlled diffusion with average self-diffusion coeffiients up to 10-8-10-12 
cm2/s at 600 oC. The self-diffusioncoefficients exceeded typical values for perovskites 
due to fast diffusion along the interfaces. Specific conductivity of nanocomposites 
measured by 4-probe method demonstrated up to 10-100 S/cm in the temperature 
range 600-8000C that is sufficient for effective SOFC cathodes. 



Support by German-Russian Project N_CATH of CLIENT Program and Russian Federal 
Program “Scientific and Educational Cadres of Russia” is gratefully acknowledged. 
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Performance and stability of high-temperature solid oxide electrolysis cells 
(SOECs) for hydrogen production 

Kyung Joong Yoon, kjyoon@kist.re.kr, Ji-Won Son, Jong-Ho Lee, Byung-Kook Kim, 
Hae-June Je, Hae-Weon Lee.High-Temperature Energy Materials Center, Korea 
Institute of Science and Technology, Seoul, Republic of Korea 

Solid oxide electrolysis cells (SOECs) represent one of the most efficient and 
environmentally clean technologies for conversion of steam into hydrogen, especially 
when utilizing excess electricity and heat supplied from renewable energy sources, 
nuclear power plants or high-temperature industrial processes. The overall reaction of 
SOEC for steam electrolysis is the reverse of solid oxide fuel cell (SOFC) reaction, and, 
in principle, the identical cell can operate as both SOFC and SOEC. However, two 
operating modes differ in the electric potential gradient and gas environment, which 
significantly affect the performance and long-term stability. In general, SOECs exhibit 
inferior performance and stability compared to SOFCs, which limits the commercial 
development and deployment of this technology. 

In this research, degradation mechanisms of the air and steam electrodes were 
separately investigated through the electrochemical and microstructural investigations. 
The main cause of the degradation of the air electrode was found to be the cation 
migration occurring at the perovskite electrode due to oxygen evolution reaction, and 
high steam concentration at the steam electrode accelerated coarsening of nickel, 
leading to gradual increase of the polarization resistance. Degradation of the each 
electrode was suppressed by employing the novel electrode materials and optimizing 
the microstructure of the porous composite electrodes. Nano-scale catalysts were 
incorporated into the porous electrodes to further reduce the polarization resistance and 
enhance the efficiency. Electrode reaction kinetics and degradation mechanisms will be 
discussed in detail, and recent advances in SOEC research at Korea Insitutue of 
Science and Technology (KIST) will be presented. 
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Diode linkers for the covalent attachment of Mn catalysts to TiO2 surfaces 

Christian Negre, Julio L. Palma, Rebecca L. Milot, Karin Brumback, Gary W. Brudvig, 
Charles A. Schmuttenmaer, Robert H. Crabtree, Victor S. Batista, 
victor.batista@yale.edu.Department of Chemistry, Yale University, New Haven, CT 
06520-8107, United States 



We characterize the electronic rectification properties of molecular linkers that 
covalently bind Mn catalysts to TiO2 surfaces. We focus on Mn-complexes with 
phenylterpyridine ligands attached to 3-phenyl-acetylacetonate anchors via amide 
bonds.1 We find that a suitable choice of the amide linkage yields directionality of 
interfacial electron transfer, essential to suppress recombination. Our findings are 
supported by calculations of current-voltage (I-V) characteristics at metallic atomic 
junctions, based on first-principles methods that combine non-equilibrium Green's 
function techniques with density functional theory.2,3 Our computational results are 
consistent with EPR measurements, confirming an asymmetry of electron transfer rates 
for linkers with significant rectification. The reported studies are particularly relevant for 
the development of photovoltaic, or photocatalytic, devices based on functionalized TiO2 
thin-films where the overall performance is affected by recombination processes 
competing with interfacial electron injection. 

 

 
 

1. McNamara, W. R.; Snoeberger, R. C., III; Li G.; Schleicher, J. M.; Cady, C. W.; 
Pyatos, M.; Schmuttenmaer, C. A.; Crabtree, R. H.; Brudvig, G. W.; Batista, V. S. 
J. Am. Chem. Soc. 2008, 130, 14329-14338. 

2. Rocha, A. R.; Garcia-Suarez, V.; Bailey, S. W.; Lambert, C. J.; Ferrer, J.; 
Sanvito, S. Phys. Rev. B 2006, 73, 085414 

3. Palma, J. L.; Cao, C.; Zhang, X.-G.; Krstic, P. S.; Krause, J. L.; Cheng, H.-P. J. 
Phys. Chem. C 2010, 114, 1655-1662. 
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Nanocomposite cathodes for intermediate temperature solid oxide fuel cells 

A. Smirnova1, Alevtina.Smirnova@sdsmt.edu, V. Sadykov2,3, V. Usoltsev2,3, N. 
Eremeev2, E. Sadovskaya2, V. Belyaev2, V. Muzykantov2, V. Pelipenko2, A. Ishchenko2, 
T. Krieger2, A. Gulyaev2, A. Ulikhin4, N. Uvarov4, Yu. Ohlupin4, E. Antipov5, J. Mertens6, 



I. C. Vinke6.  (1) Chemistry and Applied Biological Sciences, South Dakota School of 
Mines and Technology, Rapid City, South Dakota 57701, United States  (2) Boreskov 
Institute of Catalysis SB RAS, Novosibirsk, Russian Federation  (3) Novosibirsk State 
University, Novosibirsk, Russian Federation  (4) Institute of Solid State Chemistry and 
Mechanochemistry SB RAS, Novosibirsk,, Russian Federation  (5) Chemical 
Department of Lomonosov Moscow State University, Moscow, Russian Federation  (6) 
5Institute of Energy and Climate Research, Forschungszentrum Julich GmbH, Julich, 
Germany 

The work is focused on design and characterization of mixed ionic-electronic conducting 
perovskite-fluorite nanocomposite ceramics as functional cathode layers in SOFC. 
Nanocrystalline complex oxides with ionic conductivity (YSZ, ScCeSZ, GDC, etc) and 
mainly electronic conductivity (Ln1-xSrxMe1

1-yMe2
yO3, Ln2MeO4, Ln= La, Pr; Me1,2 = Mn, 

Co, Ni, Cu, Fe) were supported on electrolytes by slip casting, screen-printing, and air 
brushing. The sintered functional layers were studied by HRTEM and SEM/EDS, XRD, 
and XPS. Redistribution of elements between perovskite-like and electrolyte domains 
was revealed. Transport properties of perovskite-like oxides and nanocomposite 
ceramics were characterized by impedance spectroscopy for analysis of conductivity or 
weight variation after changing the oxygen partial pressure in the gas phase. Oxygen 
isotope heteroexchange with 18O2 and C18O2 in static as well as flow reactors (SSITKA 
mode) was applied to estimate the oxygen self-diffusion coefficients and the specific 
rate of surface reaction. Ruddlesden-Popper type nickelates Pr2-xNiO4+z demonstrated 
the highest oxygen mobility due to cooperative mechanism of interstitial oxygen 
migration. For nanocomposites, redistribution of cations between perovskite-like and 
electrolyte domains generates new active surface sites for O2 molecules activation. For 
Ruddlesden-Popper type nickelates, substitution of Pr and Ni cations by electrolyte 
cations results in decreasing oxygen mobility due to hampering oxygen migration via 
cooperative non-linear routes. For optimized combinations of perovskite-electrolyte, the 
interfaces were shown to be paths for fast oxygen diffusion with oxygen diffusion 
coefficients exceeding those within perovskite or electrolyte domain by up to 6 orders of 
magnitude. The best perovskite-fluorite combinations with highest oxygen mobility were 
tested in SOFCs. SOFCs with nanocomposite cathode layers on ScCeSZ electrolyte 
demonstrated maximum power density of 600-800 mW/cm2 at 700 °C in wet H2/air 
feeds. 

Support by Integration Projects SB RAS-Belarus NAS, German-Russian Project 
N_CATH of CLIENT Program and Russian Federal Program “Scientific and Educational 
Cadres of Russia” is gratefully acknowledged. 
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New nanostructured tunable electrolytes for energy conversion by the sol-gel 
chemistry 

Manuel Maréchal1, manuel.marechal@lepmi.grenoble-inp.fr, Christel Laberty-
Robert2.  (1) CNRS-Université de Grenoble, LEPMI UMR, Paris, Region parisienne 



38402, France  (2) Collège de France, LCMCP UMR 7574, Paris, Region parisienne 
75231, France 

Hybrid organic-inorganic electrolytes are of interest as membranes in “high 
temperature” PEMFC1-3 or as ionogels in dye-sensitized solar cells (DSSCs)4. 

1) a sol-gel-based strategy coupled with electrospinning approach for the production of 
functionalized inorganic silica fibers in an organic-inorganic-type membrane. Varying the 
nature of different additives to the sol-gel solution, and the processing (casting versus 
electrospinning) yields membranes with different nanostructures, morphologies and 
nanosegregations between discrete hydrophilic and hydrophobic domains. 

2) DSSCs composed of ionic liquids covalently embedded into silica gels electrolytes. It 
is known that, in the families of the N-alkyl-N-alkyl imidazoliums, the structuration at the 
molecular scale up to the nanoscale lead the self-diffusion of the ions5. The idea was to 
tune the structure and the related interactions. These silica scaffolds were formed by co 
condensation of a silica precursor with an alkoxysilane functionalized ionic liquid 
precursor. 

Different techniques (NMR, SANS, SEM-FEG) have been used to characterize these 
structures. The electrospun membrane is homogeneous, flexible and exhibits thickness 
ranging from 10 to 50 µm depending on the processing conditions.The different 
characterization techniques reveal that the electrospun membranes including 
sulfonated-fluorinated chains exhibit three-dimensional networks of core-shelled fibers. 

1.Laberty-Robert, C.;. Vallé, K.; Pereira, F.; Sanchez, C. Chem. Soc. Rev. 2011 , 40(2), 
961. 

2. Sel, O.; Azais, T; Maréchal, M.; Gebel, G.; Laberty-Robert C.; Sanchez, C. Chem. 
Asian J. 2011 , 6, 2992. 

3. Maneeratana, V.; Bass, J.D.; Azais, T.; Patissier, A.; Vallé, K.; Maréchal, M.; Gebel, 
G.; Laberty-Robert C.; Sanchez, C. Adv. Funct. Mater. 2013 , DOI: 
10.1002/adfm.201202701 

4. Fontaine, O.; Touidjine, A.; Maréchal, M.; Bonhomme C.; Ribot F.; Jousselme B.; 
Sanchez, C.; Laberty- Robert C. Chem. Mater. 2013 ,Submitted. 

5. Martinelli, A.; Maréchal, M.; Östlund, A.; Cambedouzou, J. Phys. Chem. Chem. Phys. 
2013 , 15, 5510. 
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Model and simulations of the growth and self-organization of anodic 
nanostructured films 



Stephen DeWitt1, Katsuyo Thornton1,2, kthorn@umich.edu.  (1) Applied Physics 
Program,, University of Michigan – Ann Arbor, Ann Arbor, MI 48109, United States  (2) 
Materials Science and Engineering Department, University of Michigan – Ann Arbor, 
Ann Arbor, MI 48109, United States 

Anodization is an electrochemical method to grow oxide films on metallic substrate and 
results in either compact or nanostructured films. Nanostructures of particular interest 
are highly ordered nanopores and nanotubes that grow perpendicularly to the substrate 
surface. Due to the scalable and inexpensive nature of anodization and the high-aspect-
ratio geometry, anodic nanostructured films have a wide range of promising of 
applications both as an active material and as a nano-template. Nanostructured 
alumina, titania, and hematite have applications in solar energy conversion, including in 
dye-sensitized solar cells, hybrid organic/inorganic solar cells, and photoelectrochemical 
cells. Nanotubular titania is also used as an anode in Li-ion microbatteries where the 
high aspect ratio leads to increased charging and discharging rates. However, the 
mechanisms underlying anodic growth are not fully understood. To provide improved 
understanding of these growth mechanisms, we present a detailed model describing the 
anodization of aluminum that incorporates high-field ionic conduction, Butler-Volmer 
reaction kinetics, and space charge at the oxide/electrolyte interface. We discuss the 
validation of the model using one-dimensional sharp-interface simulations and 
demonstrate that the simulated results reproduce experimental results for compact 
films. We also present two-dimensional simulations of anodic pore growth and self-
organization using the extended smoothed boundary method to efficiently solve the 
model equations on the complex, dynamic pore geometry. We compare the simulated 
geometries to experimental results and discuss how this work can extend to additional 
substrates and geometries. This work represents a significant advance in the 
understanding of the mechanisms underlying anodization and in the computational 
framework to simulate the self-organization of anodic nanostructures. 
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Ligand configuration induced conformation of two different MOFs from a new 
tetratopic ligand 

Wenjuan Zhuang1, wenjuan.zhuang@gmail.com, Yangyang Liu1, Daqiang Yuan1, 
Jingbo L. Liu1,2, Jingbo.Liu@chem.tamu.edu., Hong-Cai Zhou1.  (1) Department of 
Chemistry, Texas A&M University, College Station, TX 77842, United States  (2) 
Department of Chemistry, Texas A&M University-Kingsville, Kingsville, TX 78363, 
United States 

Metal-organic frameworks (MOFs)1 have became one of the fastest growing research 
fields in chemistry over the two past decades and are attracting more and more 
attention of chemistry and materials scientists.2 Previous results from zhou's group3 
have demonstrated that interpenetration is an important factor contributing to MOFs 
structures and their respective gas uptake. However, interpenetration (or framework 
catenation) as an independent criterion has never been resolved from other factors. 



Normally in a given metal-ligand combination, either an interpenetrated network or a 
non-interpenetrated network is favored, not both. Conceptually, an interpenetrated MOF 
and its non-interpenetrated counterpart can be viewed as a supramolecular pair of 
stereoisomers. In reality, however, such framework-catenation isomerism has never 
been deliberately explored prior to the present report. To study the precise role of 
catenation in hydrogen uptake, using solvents as a template, we have made a pair of 
interpenetrated and non-interpenetrated counterpart from a new tetratopic ligand and 
two novel solvent-controlled supramolecular stereoisomers of porous copper metal-
organic frameworks have been synthesized and characterized. 

R eferences:  

1. Yaghi, O. M.; O'Keeffe, M.; Ockwig, N. W.; Chae, H. K.; Eddaoudi, M.; Kim, J. 
Nature 2003 , 423, 705-714. 

2. Noro, S.; Kitagawa, S.; Kondo, M.; Seki, K. Angew. Chem., Int. Ed. 2000 , 39, 
2082-2084. 

3. Ma, S.; Sun, D.; Ambrogio, M.; Fillinger, J. A.; Parkin, S.; Zhou, H.-C., J. Am. 
Chem. Soc., 2007 , 129, 1858-1859. 
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New developments with Janus and multiblock colloids 

Steve Granick, sgranick@uiuc.edu.Departments of Materials, of Chemistry, and of 
Physics, University of Illinois, Urbana, IL 61801, United States 

This talk surveys emerging areas opened up by the directional interactions presented by 
the specially-designed spheres known as Janus and polyhedral. The “diblock” motif, 
mutually attractive on one domain and repulsive on another, makes this a prototypical 
system for elucidating, on a mechanistic level, how concepts of chemical reaction 
kinetics explain the development of stable and highly ordered nonequilibrium structures. 
With the “triblock” motif, spheres that attract one another on two polar regions but repel 
at the middle band, we go beyond this to demonstrate the self-assembly of a useful low-
density lattice of spheres, the colloidal Kagome lattice, and visualize its aqueous 
assembly dynamics on the single-particle level. A newer area of opportunity is “dynamic 
self-assembly,” in which energy fed into the system as a control variable generates big 
surprises. The generalization of these design rules to polyhedral colloids will be 
discussed. 

*Work performed with Erik Luijten, Qian Chen, Jing Yan, Nobuhiro Yanai, Jie Zhang, 
Melinda Sindoro, Ah-Young Jee, Jonathan K. Whitmer, Sung Chul Bae, Moses Bloom, 
and Ming Han. 
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Bullet shaped fluorescent silica rods: New possibilities for synthesis and self-
assembly 

Alfons van Blaaderen, a.vanblaaderen@uu.nl.Department of Physics, Soft Condensed 
Matter, Debye Institute, Utrecht, Utrecht 3572 LT, The Netherlands 

We recently developed a way to synthesis bullet shaped fluorescent silica rods with 
aspect ratios as large as 10 [1]. It is possible to obtain both (absolute) orientations and 
positions of these new model particles even in concentrated systems with confocal 
microscopy. The rods can be made to interact with an almost hard potential in which 
case they form smectic and nematic liquid crystals phases that were studied in real 
space and by x-ray scattering [2]. By using an external electric field, the orientation of 
the LC and crystal phases could be improved at lower field strengths. At higher values 
dipolar interactions induced a new type of tetragonal crystal phase. When the double 
layer extends beyond the length of the rod we found in an extensive parameter range 
plastic crystals were long ranged positional order is combined with short-ranged 
rotational order. The plastic crystals could be switched into a fully crystalline state by 
application of an electric field. For higher volume fractions we also observed 'plastic 
glasses' for which positional order was short-ranged and translational self-diffusion was 
absent, while rotational diffusion was still possible. Also this phase could reversibly 
switched to a full 3D crystalline state with an electric field. This new model system will 
allow investigating the role of rotations in both crystallization and the glass transition 
and will also be of interest for new photonic applications. Finally, we will show that the 
directed growth of PMMA on the flat end of the silica bullets is possible with 100% yield, 
giving the possibility to further extend the anisotropy in the particle properties. 

1) A. Kuijk, A. Imhof, A. van Blaaderen, Journal of the American Chemical Society 133 , 
2346 (2011) 

2) A. Kuijk, D. V. Byelov, A. V. Petukhov, A. van Blaaderen, A. Imhof, Faraday 
Discussions 159 , 181 (2012) 
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Anisotropic particles made by electrohydrodynamic co-jetting 

Joerg Lahann, lahann@umich.edu.Biointerfaces Institute, University of Michigan, Ann 
Arbor, MI 48109, United States 

Hydrodynamic co-jetting can yield particle architectures with controlled physical and 
chemical anisotropy. Specifically, this approach lends itself for the synthesis of 
micro/nanoparticles with multiple compartments. Different compartments can be 
comprised of distinct drug/polymer combinations enabling the release of multiple drugs 
with distinctively different release profiles from the same particle. Moreover, 
multicompartmental particles can be designed to feature substantially dissimilar 
materials in proximate regions. If these polymers are appropriately selected to undergo 



distinct responses to environmental cues, such as pH, temperature, or solvent 
composition. In this presentation, I will discuss multicompartmental particles, fibers, and 
microcylinders with selective responses of individual compartments and will outline a 
range of different potential applications ranging from drug delivery, and sensing to 
regenerative medicine. 
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Nanoparticles guided by DNA and geometry 

Oleg Gang, ogang@bnl.gov.Center for Functional Nanomaterials, Brookhaven National 
Laboratory, Upton, NY 11973, United States 

The addressability and structural plasticity of DNA chains offer a broad range of 
possibilities to direct the organization of nanoscale objects into well-defined systems, as 
well as to induce the structural transformations on demand. We have studied the 
assembly of clusters and extended 2D and 3D array architectures from nanoscale 
components of multiple types driven by DNA recognition, chain effects and geometrical 
factors. Our work explores how DNA-encoded interactions between inorganic nano-
components can guide the formation of well-defined superlattices, how the morphology 
of self-organized structures can be regulated in-situ, and what factors govern a structure 
formation. The role of flexible chains, particle anisotropy, and external stimuli will be 
discussed in details. The use of the discussed approaches for rational nanomaterial 
engineering of static and dynamically reconfigurable systems will be also demonstrated. 
Research is supported by the U.S. DOE Office of Science and Office of Basic Energy 
Sciences under contract No. DE-AC-02-98CH10886. 
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Surface-enhanced Raman spectroscopy of double-shell hollow nanoparticles: 
Electromagnetic and chemical enhancements 

Mahmoud Mahmoud, mmahmoud@gatech.edu.Chemistry and Biochemistry, Georgia 
Institute of Technology, Atlanta, Ga 30332, United States 

Enhancements of the Raman signal by the newly prepared gold-palladium and gold-
platinum double-shell hollow nanoparticles were examined and compared with those 
using gold nanocages (AuNCs). The surface-enhanced Raman spectra (SERS) of 
thiophenol adsorbed on the surface of AuNCs assembled into Langmuir-Blodgett 
monolayer was tenfold stronger than AuNCs with an inner Pt or Pd shell. The chemical 
and electromagnetic enhancement mechanisms for these hollow nanoparticles were 
further proved by comparing the Raman enhancement of nitrothiophenol and 
nitrotoulene. Nitrothiophenol binds to the surface of the nanoparticles by covalent 
interaction and Raman enhancement by both the two mechanisms are possible, while 
nitrotoulene do not form any chemical bond with the surface of the nanoparticles hence 
no chemical enhancement is expected. Based on discrete dipole approximation (DDA) 



calculations and the experimental SERS results, AuNCs introduced a high 
electromagnetic enhancement, while the nanocages with inner Pt or Pd shell have a 
strong chemical enhancement. 
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Photoresponsive metal/cadmium sulfide colloidal micromotor assemblies 

Darrell Velegol, velegol@psu.edu.Department of Chemical Engineering, Penn State 
University, University Park, PA 16802, United States 

Colloidal motors are able to utilize fuels in their environment to swim at speeds of 10s of 
microns per second. One of the original colloidal motors, a platinum-gold bimetallic rod, 
catalyzed the electrochemical degradation of H2O2 to produce an electric field that 
caused the particles to move. The mechanism of movement is that during the reaction, 
electrons move through the metallic phase, while protons move through the solution 
phase, giving the electric field outside the particle. In this talk, we describe how we have 
fabricated a trimer of Au-CdS-Ag, that acts similarly to the classic Pt-Au colloidal 
motors, except that now the motor is externally switchable. Since the CdS is a 
semiconductor with a bandgap of 2.4 eV, in the absence of blue-green light, the 
electrons cannot pass through, and the motors do not move. However, when blue light 
is applied (e.g., using a mercury arc lamp used for simple fluorescence microscopy), the 
CdS becomes conductive, allowing the electrons to pass, and allowing the motors to 
become mobile. We describe the assembly methods used to fabricate the trimer motors, 
and we show the response in various levels of blue light. 
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Carboxymethyl chitosan-soy protein complex nanoparticles for the encapsulation 
and controlled release of vitamin D3 

Zi Teng, zteng@umd.edu, Yangchao Luo, Qin Wang.Department of Nutrition and Food 
Science, University of Maryland, College Park, Maryland 20742, United States 

In this study, complex nanoparticles were developed from carboxymethyl chitosan 
(CMCS) and soy protein isolate (SPI) by a simple ionic gelation method. The effect of 
Ca2+ concentration, pH and mass ratio on the formation of nanoparticles was 
systematically investigated. Vitamin D3 (VD), a hydrophobic micronutrient, was 
successfully incorporated into the polymeric complex, forming particles with average 
sizes between 162 and 243 nm and zeta potentials of -10 to -20 mV. In comparison with 
CMCS, the CMCS/SPI complex formed a larger quantity of nanoparticles at lower CaCl2 

concentrations, resulting in an increased loading efficiency to 6.06%. In addition, the 
complex nanoparticles achieved an encapsulation efficiency of up to 96.8%, possibly 
due to their compact structure and high capability of hydrogen bonding evidenced by 
Fourier transform infrared spectroscopy (FTIR). In contrast to the ones prepared with 
SPI, the complex nanoparticles exhibited a reduced (42.3% compared to 86.1%) 



release of VD in simulated gastric fluid and an increased (36.0% compared to 8.2%) 
release under simulated intestinal condition. These characteristics made the CMCS/SPI 
complex nanoparticles an attractive candidate for the encapsulation and controlled 
release of micronutrients. 
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Polloidal chains composed of flattened particles 

Darrell Velegol, velegol@psu.edu.Department of Chemical Engineering, Penn State 
University, University Park, PA 16802, United States 

Colloidal particles have been used to represent and make discoveries of atomic 
processes for over a century . These studies have extended to liquid crystals, 
crystallization, glasses, cluster packing, melting, and polymers. Two advantages of 
using colloidal systems to study atomic processes are 1) large particles are visible in a 
light microscope, and 2) their time scales for motion are on the order of seconds, not 
femtoseconds. Here we demonstrate the fabrication of colloidal chains (i.e., “polloids”) 
that can represent aspects of oligomeric or polymeric systems. The chains are flexible, 
stable, and 3-dimensional. They spontaneously self-assemble with no applied external 
field. The fabrication involves flattening individual colloidal spheres –producing a 
geometric asymmetry in the system – and exploiting a careful design of colloidal forces 
to produce rotatable physical bonds stronger than 15 kT. We have fabricated linear, 
hyperbranched, ring, randomly branched copolymers and terpolymers, and functional 
polloids that analogously reveal a condensation mode of synthesis. Polloidal chains 
open the possibility of visualizing a rich variety of polymer systems, testing and 
challenging common assumptions, and even engineering the self-assembly of complex 
structures. 
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Nanoparticle self-assembly and its application to 10 nm nanolithography 

Tianlong Wen, halong@andrew.cmu.edu, Ryan A Booth, Sara A Majetich.Department 
of Physics, Carnegie Mellon University, Pittsburgh, PA 15213, United States 

2 D nanoparticle self-assembly is an economic method to generate nanopatterns with 
tiny feature sizes, which can be then transferred into underlying materials by reactive 
ion etching. The quality of generated nanopattern in underlying materials depends on 
the quality of 2 D nanoparticle self-assembly and etching process. Here we report a 
method to obtain high quality self-assembled monolayer of nanoparticles via controlled 
evaporation of carrier solvent at the liquid/air interface. To transfer the nanopattern, self-
assembled monolayers of nanoparticles were irradiated with an electron beam to fix the 
particles and treated with an oxygen plasma to remove excess surfactant, leaving a 

nanomask of particle cores. Nanohole and nanodot arrays with feature sizes ∼ 10 nm 
were then fabricated. Figure 1(a) shows an example of hole arrays generated by 
nanoparticle lithography. Gold thin films spontaneously diffuse into holes to form gold 
nanoparticle arrays upon deposition at room temperature as shown in Figure 1(b). 
Challenges and opportunities in nanoparticle lithography will also be discussed in this 
talk. 

 

 
 

Figure 1 SEM image of (a) hole arrays and (b) gold dots grown in hole arrays. 
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Development and application of nanoparticles synthesized with folic acid-
conjugated soy protein 

Zi Teng, zteng@umd.edu, Yangchao Luo, Qin Wang.Department of Nutrition and Food 
Science, University of Maryland, College Park, Maryland 20742, United States 



In this study, soy protein isolate (SPI) was conjugated with folic acid (FA) to prepare 
nanoparticles for target-specific drug delivery. Up to 32 FA molecules were conjugated 
to one soy protein molecule, as evidenced by UV spectrophotometry and primary amino 
group analysis. An increase in count rate by at least 142% was observed in FA-SPI 
nanoparticles compared to the non-conjugated ones, whereas the particle size was 
decreased upon FA conjugation. This phenomenon indicated that a greater number of 
nanoparticles with a smaller average size were formed by FA-SPI compared to native 
SPI, and it was probably attributed to the substitution of positively charged lysine 
residues by a hydrophobic FA backbone. The zeta potential ranged from -36 to -42 mV 
depending on the conjugation degree, suggesting desirable dispersion stability. 
Curcumin as a model drug was encapsulated successfully into FA-SPI nanoparticles, 
evidenced by X-ray diffraction study. The highest encapsulation and loading efficiencies 
were around 92.7% and 5.4%, respectively, which were significantly higher (P<0.05) 
than those with non-conjugated SPI nanoparticles. In addition, a faster and more 
complete release of curcumin was observed for FA-SPI nanoparticles in PBS/Tween 20 
buffer. Cell culture study showed that conjugation of FA resulted in an increase in 
cellular uptake by at most 93% in Caco-2 cells. These results suggested that FA-SPI is 
a potential wall material for encapsulation and enhanced delivery of anti-cancer drugs. 
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Kinetic and mechanistic analysis of chitosan/tripolyphosphate microgel 
formation 

Yan Huang, Yan.Huang2@rockets.utoledo.edu, Yakov Lapitsky.Department of 
Chemical and Environmental Engineering, University of Toledo, Toledo, Ohio 43606, 
United States 

Ionically crosslinked chitosan micro- and nanogels are frequently prepared by adding 
tripolyphosphate (TPP) to dilute chitosan solutions. Due to their mild preparation 



conditions, biocompatibility and ability to protect bioactive payloads, these colloidal 
particles are widely explored as potential drug and gene carriers. Yet, little has been 
done to understand the mechanism of their ionotropic assembly. To address this, we 
used stopped-flow and dynamic light scattering, isothermal titration calorimetry (ITC) 
and electron microscopy to probe the kinetics and mechanism of chitosan/TPP microgel 
formation. The stopped-flow light scattering revealed that their formation rates are 
extremely sensitive to the monovalent salt (NaCl) and TPP concentrations, and scale 
roughly with [TPP]5 and [NaCl]-5. Based on these results, we used high NaCl and low 
TPP concentrations to dramatically slow down the microgel formation process (which 
typically occurs within milliseconds of mixing), so that it could be monitored over several 
days using conventional light scattering and electron microscopy techniques. This 
analysis indicated that chitosan/TPP microgel formation occurs in two stages: (1) 
formation of primary nanoparticles; and (2) aggregation of these nanoparticles into 
larger, higher-order microgels (hundreds of nanometers in diameter). Aside from 
reducing the microgel formation rates, the addition of NaCl enhances their colloidal 
stability during their preparation. This improved colloidal stability is achieved by limiting 
the bridging flocculation of the lyophilic microgels by TPP (which otherwise occurs 
during TPP addition) and results in narrower particle size distributions. 

COLL 344 

Applications of Janus and patchy particles 

Ilona Kretzschmar, kretzschmar@ccny.cuny.edu.Chemical Engineering, The City 
College of the City UNiversity of New York, New York, NY 10031, United States 

Anisotropically surface-modified particles, so-called patchy particles, have been 
recognized as important building blocks in the directed assembly of particles into 
desired target structures. Various methods employing shadow evaporation and 
templating have been used to create spherical particles with anchor patches of 
controllable size and position. More recently, the focus has shifted towards the 
application of Janus and patchy particles in rheological studies, as emulsion stabilizers, 
and for colloidal crystal formation. 

In our work, we have shown that Janus and patchy particles are pre-programmable 
through patch geometry, size, and number as well as patch material. Most recently, we 
have (i) used their field-dependent properties to employ them as microviscometers and 
magnetometric probes, (ii) studied the impact of their amphiphillic character on their 
interaction with an interface between two immiscible fluids using molecular dynamics 
simulation, and (iii) explored the fabrication of particles with non-spherical patches to 
enable the rational design of colloidal crystals.  

In this talk, we will report briefly on the preparation of patchy particles via templated and 
template-free glancing angle vapor deposition (GLAD) developed in our group. Further, 
we will correlate patch geometry, material, and position with field-directed assembly 
behavior and discuss its use in potential applications. 



COLL 345 

Anomalous diffusion kinetics of the precursor film that spreads from polymer 
droplets 

Mathew C Mate, mathew.mate@hgst.com.San Jose Research Center, HGST, a 
Western Digital company, San Jose, CA 95135, United States 

The spreading of liquids over solid surfaces has long attracted the attention of colloid 
and surface scientists due to their importance to such technological applications as 
paints, adhesives, lithography, nanoimprinting, and lubrication. Here I report results1 
demonstrating that the radius R of the area wetted by the precursor film that spreads 

from a polymer liquid droplet grows as R∼tν with ν∼1/3, in contradiction to the 1/2 
exponent expected for simple diffusion that was indicated by previous studies. I also 
show that, once this droplet dissipates into a pancake shape film, the spreading kinetics 
slows dramatically; this slowing down is attributed to the molecules within the precursor 
film no longer being forced to move en masse across the surface, by flow from the 
central droplet. The diffusion kinetics during this latter stage of spreading is often found 
to be well modeled by assuming the molecular film undergoes Poiseuille flow with an 
effective viscosity obtained by fitting the thickness profiles. The experiments reported 
here are for the same polymer liquids used in previous studies by the Cazabat group—
methyl-terminated polydimethylsiloxane (PDMS), tetrakis(2-ethylhexoxy)-silane, and 
squalane—and for droplets of perfluoropolyether lubricants important to the disk drive 
industry. 

1. Mate, C. M., Langmuir2012, 12, 16821-16827. 

 

 
 

COLL 346 



Surfactant templated ordered mesoporous carbon coatings via roll-to-roll 
processing for flexible, robust, high surface area electrodes 

Bryan D Vogt, vogt@uakron.edu, Jiachen Xue, Miko Cakmak.Department of Polymer 
Engineering, University of Akron, Akron, OH 44325, United States 

Porous carbons are ubtiquitous with wide ranging applications from water purification to 
electrodes for batteries. The performance of porous carbons in applications can be 
strongly influenced by the size and shape of the pores. In this work, we demonstrate 
that ordered mesoporous carbon films can be fabricated on plastic substrates using roll-
to-roll processing. By selection of the substrate, additional carbon from the substrate 
can be obtained during carbonization to provide support to the highly porous ordered 
coating. Additionally, flexible mesoporous carbon coatings with very high surface area 
(>1500 m2/g) are obtained through tri-constituent assembly of phenolic resin (carbon 
precursor), Pluronic F127 (template), and tetraethylorthosilicate (TEOS, silica source) 
with etching of the silica after carbonization. These carbon films can be bent and 
distorted without breaking.  

 
 

Moreover, their high electrical conductivity and surface area make these materials ideal 
for electrodes. We will discuss the performance of these flexible mesoporous carbons 
as electrodes in aqueous supercapacitors. Initial measurements indicate that the 
capacitance of the active material can exceed 100 F/g. The ease of synthesis over large 
areas (over m2) makes this methodology attractive for functional electrodes in flexible 
electronics. 

COLL 347 



Preparation of liposomes, a novel application of microengineered membranes: 
Investigation of the process parameters using a stirred cell device and scale up 
of the process from laboratory level to industrial production 

Abdallah Laouini1,2, laouini@lagep.univ-lyon1.fr, Catherine Charcosset2, Hatem 
Fessi2, Richard G Holdich1, Goran T Vladisavljevic1.  (1) Department of Chemical 
Engineering, Loughborough University, Loughbrough, Leicestershire LE11 3TU, United 
Kingdom  (2) Laboratoire d'Automatque et de Génie des Procédés, University Claude 
Bernard Lyon 1, Lyon, Rhône-Alpes 69622, France 

Liposomes were prepared by ethanol injection method using nickel microengineered flat 
membranes with a uniform pore size of 5-40 μm and a spacing of 80 or 200 μm. An 
ethanolic phase containing phospholipid (POPC or Lipoid E80) and stabilizer 
(cholesterol, stearic acid or cocoa butter) was injected through the membrane into an 
agitated aqueous phase at a controlled flux and shear stress on the membrane surface. 
The particle size obtained after process optimization was 84 and 59 nm for Lipoid E80 
and POPC liposomes, respectively. When filled with vitamin E, a high encapsulation 
efficiency of 99.87% was achieved. Transmission electron microscopy images revealed 
spherical multi-lamellar structure of vesicles. The reproducibility of the fabrication 
method was high and the preparations were stable for 3 months. Once the preparation 
process optimized using the stirred cell device, the product volume was increased by a 
factor of 8. Two different strategies have been used in the scaled-up versions of the 
process: (i) cross flow recirculation of the aqueous phase across the membrane surface 
and (ii) low frequency oscillation of the membrane surface in a direction normal to the 
flow of the injected organic phase. Using the same membrane in all devices, the size of 
the liposomes produced in all three membrane systems was highly consistent (80-86 
nm). The smallest and most uniform liposomal suspensions were produced in the 
oscillating membrane system. 

 

 
 

COLL 348 



Squishy, tough, and sticky hydrogel adhesive 

Gudrun Schmidt1, gudrun@purdue.edu, Chia-Jung Wu1, Jonathan Wilker2, Charles 
Peak1.  (1) Biomedical Engineering, Purdue University, West Lafayette, Indiana 47907, 
United States  (2) Chemistry, Purdue University, West Lafayette, Indiana 47907, United 
States 

We present a robust and adhesive hydrogel system by photopolymerizing poly 
(ethylene glycol) PEG-diacrylate based polymers in the presence of charged silicate 
nanoplatelets (Laponite). PEG-diacrylate containing polymers and silicate are used for 
covalent and physical cross-linking thus providing the hydrogel with mechanical and 
adhesive strengths. The resulting materials can be extensively elongated and readily 
adhere to hard and soft surfaces even in the elongated state. These tough and 
adhesive can be used for bonding rubber, metal, glass and plastic, for constructing 
optical assemblies, developing microfluidic and separation devices, tissue sealants, and 
for manufacturing disposable devices, among several other applications. 

COLL 349 

Reasons for a growth-collapse mechanism for thick, mesostructured PEI/CTAB 
films 

Richard A Campbell1, campbell@ill.eu, Tahereh Mokhtari2, Karen J Edler3.  (1) LSS 
Group, Institut Laue-Langevin, Grenoble, Isere 38000, France  (2) Physical Chemistry 
1, Lund University, Lund, Skane 22100, Sweden  (3) Department of Chemistry, Bath 
University, Bath, Avon BA2 7AY, United Kingdom 

The system poly(ethylene imine)/cetyltrimethylammonium bromide (PEI/CTAB) is an 
unusual aqueous polymer/surfactant mixture, as the components are strongly 
associating without electrostatic attraction being the interaction driving force. This 
system has provoked interest over the last few years because thick, mesostructured 
films form spontaneously at the air/water interface. We have carried out a study to 
understand the self-assembly mechanism at the surface using three reflectometry 
techniques. From ellipsometry, we show that PEI with a high molecular weight (750 
kDa) forms two types of films with CTAB. Below the critical micelle concentration (cmc) 
of the surfactant, the films are stable, around 20-40 nm thick, and exhibit lateral 
inhomogeneity on the micron-scale. Yet above the cmc, a striking growth-collapse 
sequence is observed (Figure 1, left) where the maximum thickness and timing of the 
collapse are both clearly linked to the amount of polymer in the bulk phase. 
Complementary neutron reflectivity measurements have shown that we can relate the 
mesostructured nature of the film to the observed changes in surface excess (Figure 1, 
right). We have also recorded Brewster angle microscopy measurements on the 
different film states to assess the lateral film structure. Recently measurements were 
recorded under different ambient gases to examine effects on the film growth of 
humidity and carbon dioxide absorption. The underlying reasons for this newly-



discovered interfacial mechanism are presented, along with comparisons to different 
strongly interacting polymer/surfactant systems. 

 

 
 

COLL 350 

Interactive forces between SDS-suspended single-wall carbon nanotubes and 
agarose gels 

Justin G Clar1, jclar@ufl.edu, Carlos A Silvera-Batista2, Sejin Youn1, Kirk J Ziegler2, 
Jean-Claude J Bonzongo1.  (1) Department of Environmental Engineering Science, 
University of Florida, Gainesville, FL 32611, United States  (2) Department of Chemical 
Engineering, University of Florida, Gainesville, FL 32611, United States 

The separation of metallic and semiconducting fractions of as prepared single-walled 
carbon nanotubes (SWCNT) suspensions is of great interest for their inclusion in a wide 
variety of devices. A commonly used method to produce large scale separations of the 
two fractions is a column-based, through interaction with agarose gels. Prior studies 
have correctly attributed the mechanism of separation as the selective adsorption of 
semiconducting SWCNTs to the agarose gels. However, few details of the forces driving 
this selective adsorption are understood. 

In this study, the driving forces at play during the separation of sodium dodecyl sulfate 
suspended SWCNTs in contact with agarose gels are probed using a combination of 
non-equilibrium (column) and equilibrium (batch) studies. Forces examined include ionic 
interaction, hydrophobic interaction, and more specifically, ∏ – ∏ interaction. 
Experimental results give new insight into the driving forces responsible for the selective 
adsorption of semiconducting SWCNTs suggesting that ion-dipole interactions between 
SDS-SWCNTs and hydroxyl groups on the agarose gel backbone are responsible for 
the separation. Furthermore, it is proposed that the selectivity of separation is driven by 



the inherent differences in polarizability between the metallic and semiconducting 
species. 

COLL 351 

Links between functionalized gold nanoparticle surface chemistry and 
biocompatibility compared in two model organisms D. magna and S. oneidensis 

Samuel E Lohse1, slohse@illinois.edu, Ian L Gunsolus2, Jared S Bozich3, Christy L 
Haynes2, Rebecca D Klaper3, Catherine J Murphy1.  (1) Department of Chemistry, 
University of Illinois, Urbana, IL 61801, United States  (2) Department of Chemistry, 
University of Minnesota, Minneapolis, MN 55455, United States  (3) School of 
Freshwater Sciences, University of Wisconsin-Milwaukee, Milwaukee, WI 53204, United 
States 

Understanding the origin of functionalized nanoparticle (NP) biocompatibility, and 
conversely toxicity, is essential to inform the design of more effective theranostic agents 
and mitigate the potential implications of nanoparticles released into the environment. 
While we are far from understanding the chemical origin of NP biocompatibility, it is 
widely accepted that the physiochemical properties of NPs (size, shape, and surface 
chemistry) have a strong influence on their interactions with biological systems. In order 
to better understand the connection between NP surface chemistry and biocompatibility, 
we investigated the effect of NP surface chemistry on biological response in model 
organisms Shewanella oneidensis and Daphnia magna. We prepared a library of 
functionalized gold nanoparticles (4.0 nm diameter) with different surface chemistries 
including positively-charged ligands, neutral ligands, and negatively-charged ligands. 
Prior to and following AuNP exposure to Shewanella and Daphnia media, we 
characterized the surface chemistry of the AuNPs, and examined how their surface 
chemistry changed following immersion in biological media. The biocompatibility of the 
AuNPs was determined in both acute and chronic exposure to S. oneidensis and D. 
magna populations by measuring biological response at a variety of different levels 
including mortality, gene expression, and reactive oxygen species generation. Thus far, 
we have observed that AuNPs stabilized with positively-charged ligands, such as 
polyallyl amine hydrochloride or cetyltrimethyl ammonium, provoke a more significant 
biological response at all levels of testing, compared to neutral (e.g. PEG) or negatively-
charged (e.g. citrate) AuNPs for both model systems. 

COLL 352 

Soy flour colloid adhesives: Data ruin perfectly good theories 

Jane L O'Dell, janeodell@fs.fed.us, Charles R Frihart.Forest Biopolymers Science & 
Engineering, US Forest Service-Forest Products Laboratory, Madison, WI 53726, 
United States 



Soy flour proteins are not as reactive as expected when used as colloids in their native 
matrix with carbohydrates. Soy flour is an abundant and low cost biomass that has 
found utility in making adhesives, but it has been difficult to obtain good cohesive 
strength under wet conditions with the flour despite its high functionality. At high pH, the 
flour provides good adhesive strength, and is even stronger under wet conditions when 
reacted with formaldehyde and phenol. However, at more neutral pHs, the wet strength 
is poor. This is not true for the isolated protein fraction. Models have been developed 
and examined to try to better understand why the proteins are not as effective in the 
flour matrix. We present our data so far comparing these models. 

COLL 353 

Specific ion effects on the aggregation of PEO-PPO-PEO triblock copolymers 

Yanjie Zhang, zhang3yx@jmu.edu, Branden A. Deyerle, Jacob C. Lutter, Tsung-yu 
Wu.Department of Chemistry and Biochemistry, James Madison University, 
Harrisonburg, VA 22807, United States 

Specific ion effects on many aqueous processes such as polymer aggregation, protein 
folding, and protein solubility follow an empirical trend that is called the Hofmeister 
series. Although the Hofmeister series has been noted for over 120 years, the molecular 
origin of the series is still poorly understood. In this presentation, the specific effects of 
anions and cations on the aggregation behaviors of a poly-(ethylene oxide)-b-
poly(propylene oxide)-b-poly(ethylene oxide) (PEO-PPO-PEO) triblock copolymer are 
investigated by using an automated melting point system. Ten sodium salts with 
different anions and fourteen chloride salts with varied cations are employed in this 
work. It was found that anions and cations work through separate mechanisms. How ion 
interact with the polymer and further modulate its aggregation will be discussed in 
details. 

COLL 354 

Colloidal artificial virus nanoparticle model system for characterizing ganglioside 
mediated virus infection 

Xinwei Yu1, yuxinwei611@gmail.com, Amin Feizpour1, Hisashi Akiyama2, Suryaram 
Gummuluru2, Bjoern Reinhard1.  (1) Department of Chemistry, Boston University, 
Boston, MA 02215, United States  (2) Department of Microbiology, School of Medicine, 
Boston University, Boston, MA 02215, United States 

An artificial virus model system with defined surface properties based on colloidal gold 
nanoparticles is introduced in this work. The engineered artificial virus nanoparticles 
comprise a monosialodihexosylganglioside (GM3) containing liposome wrapped around 
an 80nm Au nanosphere. Upon challenging Hela-CD169 cells, the artificial virus 
nanoparticles trigger a GM3-CD169-interaction-specific particle translocation on cell 
surfaces. The specific nature of the artificial virus nanoparticle that comprises a soft 



shell and a hard core results in virus-like behavior in which the particles are 
redistributed to confined spots in peripheral cell areas. The plasmonic core facilitates 
the continuous optical tracking of the artificial virus particle with extraordinary brightness 
and high temporal and spatial resolution in live cell imaging. The engineerable 
membrane provides a versatile platform to control the surface charge, lipid composition, 
and ligand density. Optimized artificial virus nanoparticles enable systematic 
investigations of virus infection pathways under defined conditions. 

COLL 355 

Introduction to DNA origami and 2D arrays 

Marya Lieberman, mlieberm@nd.edu.Department of Chemistry and Biochemistry, 
University of Notre Dame, Notre Dame, IN 46556, United States 

An intrioductory discussion on DNA origamy and 2-D arrays will be presented. 

COLL 356 

Design tools for DNA nano structures 

Chengde Mao, mao@purdue.edu.Department of Chemistry, Purdue University, West 
Lafayette, IN 47907, United States 

An introductory discussion on the design tools for DNA nanostructures will be 
presented. 

COLL 357 

Practical aspects of working with DNA nano structures 

Michael L. Norton, norton@marshall.edu.Department of Chemistry, Marshall 
University, Huntington, WV 25755, United States 

A discussion on the practical aspectes of working with DNA nanostructures will be 
presented. 

COLL 358 

Characterization of DNA origami and 2D arrays 

Marya Lieberman1, mlieberm@nd.edu, Chengde Mao2, Michael L. Norton3.  (1) 
Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame, IN 
46556, United States  (2) Department of Chemistry, Purdue University, West Lafayette, 
IN 47907, Albania  (3) Department of Chemistry, Marshall University, Huntington, WV 
25755, United States 



A discussion of characterization of DNA orgami and 2-D arrays will be presented. 

COLL 359 

Self-assembly of nanoparticles: From concept to applications 

Nicholas A. Kotov, kotov@umich.edu.Departments of Chemical Engineering, Materials 
Science and Engineering, Biomedical Engineering, University of Michigan, Ann Arbor, 
MI 48109, United States 

The evidence of the intrinsic ability of nanoparticles (NPs) to self-organize can be traced 
in many processes being investigated in many laboratories. While the general 
propensity of NP to self-assemble is recognized, the mechanisms of these processes 
are not well understood. From a fundamental perspective better understanding of NP 
self-organization is important because these processes highlight similarities between 
biological and non-biological species. The interest in NP self-assembly is stimulated by 
their ability to produce nano-, submicro-, micro-, and macroscale structures with 
fascinating optical properties exemplified by chiral NP assemblies or photocatalytic 
supraparticles. From the practical perspective, self-organization represents an untapped 
resource for energy efficient green manufacturing of electronic, photonic, and sensing 
devices. In this Langmuir Lecture, I will address both fundamentals and practical 
aspects of nanoparticle self-organization assessing their potential utility in different 
areas of technology. While not the only approach to better understanding of the 
mechanisms of their formation, the formation of a large variety of 1D, 2D, and 3D 
superstructures from CdTe, CdS, Au, ZnO NPs can be explained via similarities of their 
geometry and scales to self-organized superstructures of proteins. The biological 
perspective allows one to utilize the advances of other disciplines and develop 
molecular tools we can apply to their engineering faster. It also helps to unravel the 
complexity of interactions between the NPs including: hydrophobic interaction, hydrogen 
bonding, ion-ion repulsion, dipole moments, geometry of the NP facets, distribution of a 
stabilizer, excluded volume interactions, intrinsic chirality of the NP cores and others. 
The large variety of forces and geometries of NPs makes theoretically possible 
engineering multi-NP complexes reaching even higher sophistication of their structural 
organization and functions. This lecture will end with a discussion of future challenges in 
nanoparticle self-organization and the pathway toward their transition to applications. 

COLL 360 

Meeting the clean energy challenge with semiconductor nanostructures 

Prashant V. Kamat, pkamat@nd.edu.Department of Chemistry & Biochemistry and 
Radiation Laboratory, University of Notre Dame, Notre Dame, IN 46556, United States 

Nanostructure architectures have facilitated the evolution of new strategies to design 
next generation solar cells. The simplicity of the synthetic procedure, tunability of light 
absorption, sensitivity to diffused light and ability to design flexible solar panels make 



semiconductor nanostructures an important candidate as light absorbers in designing 
Quantum Dot Solar Cells (QDSC). Of particular interest are the metal chalcogenides 
(CdS, CdSe, CdSSe and CuInS2) which offer significant advantage in achieving charge 
separation when coupled together with TiO2 in a band energy matching (type II) fashion. 
Manipulation of photoinduced charge separation in semiconductor quantum dots and 
their transport across the interface becomes important to maximize the performance of 
QDSC. New approaches such as multiple electron generation, plasmonic effect, and 
sensitization with infrared dyes have been developed in recent years. These new 
approaches will not only provide fundamental understanding of new phenomena at 
mesoscale, but they will also pave the way to increase the photoconversion efficiency of 
QDSC. Recent advances including the development of tandem layer quantum dots and 
coupling of energy and electron transfer processes in QDSC will be discussed. 

COLL 361 

Mechanics and physics of nano solids in designing 3D hierarchical meta 
materials 

Julia Greer, jrgreer@caltech.edu.California Institute of Technology, United States 

This presentation will be given by the ACS Nano Letters Young Investigator Award 
recipient. 

COLL 362 

Revealing the role of site-specific ion binding for protein aggregation 

Paul Cremer, psc11@psu.edu.departement of chemistry, Penn State University, 
University Park, PA 16802, United States 

The aggregation of proteins in solution occurs when the balance of hydrogen bonding, 
electrostatic, hydrophobic, and van der Waals forces becomes sufficiently favorable. 
Aggregation can proceed from either the folded or denatured state, but is usually quite 
sensitive to temperature and the solution pH. Additionally, buffer ions and added salts 
can play a key role, but have been traditionally poorly understood. In this presentation, 
we will discuss the role that both positively and negatively charged ions play in the 
salting-in and salting-out of proteins. A combination of thermodynamic data on 
aggregation (light scattering) will be correlated with NMR, infrared, and sum frequency 
generation measurements, which reveal the molecular level details for specific ion 
binding sites with protein backbones and side chains. Such binding at the 
protein/aqueous interface may be correlated to either salting-in or salting-out behavior 
depending on whether the system follows a direct or reverse Hofmeister series. 

COLL 363 



Toward understanding the role of lysines and arginines in angiomotin lipid 
binding 

Ann C Kimble-Hill1, ankimble@iupui.edu, Ilse Jimenez-Segovia1, 
ankimble@iupui.edu, Millicent A Firestone2, Thomas D Hurley1, Clark D Wells1.  (1) 
Dept. of Biochemistry & Molecular Biology, Indiana University School of Medicine, 
Indianapolis, IN 46202, United States  (2) Center for Integrated Nanotechnologies, Los 
Alamos National Laboratory, Los Alamos, NM 87545, United States  (3) Department of 
Physics, Indiana University Purdue University Indianapolis, Indianapolis, IN 46202, 
United States 

The Angiomotin (Amot) family of adaptor proteins directly integrates the signaling that 
controls cellular differentiation and cell growth. Amot family members bind core polarity 
proteins that control the organization of the apical domain of epithelial cells as well as 
Yap, a transcriptional co-activator that appears to be the key regulator of cell growth. A 
critical feature of all Amot proteins is a novel lipid binding domain, the Amot coiled-coil 
homology (ACCH) domain, which confers its association with membranes and affects 
membrane curvature. This domain, while sharing some features of BAR domains, i.e. a 
predicted coiled coil fold of approximately 240 residues, also has unique properties 
including the ability to selectively bind monophosphorylated phosphatidylinositols (PI). 
Similar binding of PI has been reported in other protein domains, including FYVE, PX 
and PH domains where PI binding is mediated through basic residues within a loop rich 
in lysines, arginines, as well as hydrophobic amino acids. The ACCH domain is 
predicted to have a coiled-coil fold and is rich in lysines. 

One of our goals is to delineate which amino acids contribute to PI binding, thereby 
suggesting possible routes to modulate the increased Amot80 ACCH domain activity 
that is associated with ductal hyperplasia, and later breast cancer. Site-directed 
mutagenesis was employed to probe the specific contributions of selected lysines and 
arginines toward lipid head-group binding. The effect of the mutation was then analyzed 
using liposome sedimentation, FRET, and SAXS to monitor lipid binding. As the ACCH 
domain lacks tryptophan residues, protein association with liposomes was followed by 
monitoring changes in protein fluorescence associated with the proximity of tyrosines 47 
or 118 to lipid. 

This work was supported by NIH R01-AA18123S1, NIH K01CA169078-01, and NSF 
LSAMP-IUPUI. 

COLL 364 

Mechanosensitivity of myoblasts, fibroblasts, and PC-12 cells on biomembrane-
mimicking substrates with tunable viscoelasticity 

Yu-Hung Lin1, yuhulin@iupui.edu, Lena Lautscham2, Vera Auernheimer2, Daniel E 
Minner1,3, Ben Fabry2, Wolfgang Goldmann2, Christoph A Naumann1,3.  (1) Chemistry 
and chemical Biology, Indiana University- Purdue University Indianapolis, Indianapolis, 



IN 46202, United States  (2) Center of Medical Physics & Technology, University of 
Erlangen-Nuernberg, Erlangen, Barvaria 91052, Germany  (3) Integrated Nanosystem 
Development Institute, Indiana University- Purdue University Indianapolis, Indianapolis, 
IN 46202, United States 

It is increasingly recognized that cells not only respond to biological signals, but also to 
those of mechanical nature. Cellular mechanosensing is exemplified by the cell's ability 
to respond to changes in substrate viscoelasticity. Traditionally, experiments about 
cellular substrate sensitivity were conducted on polymeric substrates with immobilized 
linkers. Here, we present an alternative strategy, which is based on biomembrane-
mimicking cell substrates with E-cadherin or laminin cell-substrate linkers. These 
substrates allow a systematic variation of viscoelastic properties by either changing the 
number of lipid bilayers in a polymer-tethered multi-bilayer stack or varying the ratio of 
lipopolymer molar concentration in a single polymer-tethered lipid bilayer. Importantly, 
individual cell linkers within such biomembrane-mimicking cell substrates are laterally 
mobile, thus allowing their free assembly into focal adhesions or adherent junctions. 
The functionality of these cell substrates for cellular mechnosensing studies is illustrated 
in terms of specific cell parameters, including cell morphology, migration speed, 
cytoskeletal organization, and size of cell adhesions. Furthermore, the influence of 
linker density on cell adhesion and spreading is discussed. 

COLL 365 

Effect of surface immobilization on structure and dynamics of single stranded 
DNA 

Ho Shin Kim, 85hoshink@gmail.com, Yaroslava G. Yingling.Department of Materials 
Science and Eingeering, North Carolina State University, Raleigh, North Carolina 
27695, United States 

To investigate the effect of surface on the structure and dynamics of single stranded 
DNA (ssDNA) we performed molecular dynamics simulations of free and surface 
constrained ssDNA. We found that persistence length and folding pathways of ssDNA 
are length and sequence dependent. We observed that surface grafting of ssDNA 
significantly changes its folding pathway, pi-pi stacking interaction, persistence length, 
and end to end distance when compared to free ssDNA. Moreover, we found that the 
number of bases and sequence (poly thymines and poly adenines) play an important 
role in structure and dynamics of ssDNA constrained on the surface. In the light of our 
study, the length and sequence dependence of ssDNA as well as the effect of surface 
immobilization is a key for understanding self-assembly of nucleic acid based materials 
and designing its applications. 

COLL 366 

Probing mechano-sensitivity of fibroblasts using single polymer-tethered lipid 
bilayer substrates 



Leandro Moretti1, morettil@iupui.edu, Yu-Hung Lin2, Vincent L Herring2, Daniel E 
Minner3, Christoph A Naumann2.  (1) Department of Biomedical Engineering, IUPUI, 
Indianapolis, IN 46202, United States  (2) Department of Chemistry and Chemical 
Biology, IUPUI, Indianapolis, IN 46202, United States  (3) Nanosystems Development 
Institute (INDI), IUPUI, Indianapolis, IN 46202, United States 

The single polymer-tethered lipid bilayer comprised of phospholipids and lipopolymers 
represents a fascinating model membrane architecture, in which dynamic and elastic 
properties can be controlled by the lipopolymer molar concentration. Here we show that 
such polymer-lipid supramolecular assemblies can be applied as biomembrane-
mimicking cell substrates to probe the mechano-sensitivity of fibroblasts. Our 
experiments demonstrate that lipopolymer content has a notable impact on cellular 
properties, such as cell morphology, cytoskeletal organization, and motility. In addition, 
the cellular behavior on polymer-tethered lipid bilayers with lipopolymer gradient and 
with a sharp boundary between low and high lipopolymer regions is discussed. 

COLL 367 

Colloidal surfaces in biological media 

Donatien Ramiandrisoa, donatien.ramiandrisoa@espci.org, Jérôme Bibette, Jean 
Baudry.Department of Colloids (LCMD), ESPCI ParisTech, Paris, France 

For biotechnological applications colloids must be brought into contact with biological 
fluids, either in vivo – as carrier for drug delivery, or in vitro – for protein detection in 
diagnosis. For such applications, non-specific surface coverage by proteins plays a 
critical role; governing the elimination time by organisms for the drug delivery or 
promoting the availability of antibodies in the case of diagnosis. 

Despite being known for several decades the phenomenon of protein binding to colloids 
is still not well understood. For example variations in the amount of protein adsorbed 
from bulk concentration are often observed and fitted with a Langmuir model, even 
though irreversibility is observed. 

Our study began with the most abundant protein in serum: albumin. By using 
fluorescent labelling, we have been able to describe its adsorption on silica colloids with 
a simple model: albumins adsorb on silica beads until a complete monolayer is attained. 
Building upon this we investigated how the maximum number of albumins adsorbed per 
bead depends on pH and ionic strength. The results obtained from this study should 
enable the design of new systems for diagnosis, which are less susceptible to non-
specific aggregation, thereby improving the detection limit of immuno-aggregation 
based tests. 
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Responsive self-assembled block copolymer films for understanding cell-material 
interactions 

Sandipan Dawn1, sdawn@polysci.umass.edu, Andreas Kourouklis2, Jacob John1, 
Kenneth Carter1, Harry Bermudez1.  (1) Department of Polymer Science & Engineering, 
University of Massachusetts Amherst, Amherst, MA 01003, United States  (2) 
Department of Chemical Engineering, university of Massachusetts Amherst, amherst, 
MA 01003, United States 

Interfacial self-assembly of amphiphilic block copolymers is a useful method to prepare 
responsive nanomaterials. We have designed and prepared hPB-b-PEO based 
polymeric thin films with the goal of a more complete understanding of cell-material 
interactions. Recently, we modified the chain ends of the polymer hydrophilic block to 
introduce NHS ester derivatives, and subsequently assembled bilayer films using 
Langmuir-Blodgett and Langmuir-Schaefer techniques. Introduction of a polyisobutylene 
homopolymer during the assembly gives control over film fluidity, while the NHS ester 
groups are able to form covalent bonds with proteins such as fibronectin (Fn). With this 
approach we can obtain responsive and protein-patterned films to study cell adhesion 
as well as to measure cellular traction forces. To create cell-adhesive (i.e., Fn) surface 
patterns we use advanced nanolithography/transfer printing methods to stamp Fn 
proteins from a PDMS mold onto NHS-conjugated films. The resulting Fn dots on our 
film are 1-5 um apart, readily observed by fluorescence microscopy, and permit 
engagement with cellular integrin receptors. This presentation will cover detailed 
analysis of these self-assembled films and the behavior of fibroblast cells on these soft 
materials. 
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Immunomodulatory ultrathin polymer coatings for pancreatic islet modification 

Eugenia Kharlampieva, ekharlam@uab.edu, Veronika Kozlovskaya, Hubert M. Tse, J. 
Anthony Thompson.University of Alabama at Birmingham, United States 

Transplantation of pancreatic islets (cell clusters) has emerged as a promising 
treatment for Type 1 diabetes. However its clinical application remains limited due to 
adverse effects of immunosuppression which puts increase demand for efficient islet 
coating that can preserve islet viability and function. We developed an ultrathin polymer 
coating with immunomodulatory and anti-inflammatory responses to protect living 
pancreatic islets. The coating was comprised of cytocompatible polymers of hydrogen-
bonded natural polyphenol (tannic acid) and poly(N-vinylpyrrolidone) deposited on the 
islet surface via non-ionic layer-by-layer assembly. The coating was conformal over the 
surfaces of rat, non-human primate, and human islets. In contrast to unmodified 
controls, the coated islets maintained their viability and β-cell functionality for at least 96 
hours in vitro. We also determined that the coating demonstrated immunomodulatory 
cytoprotective properties suppressing pro-inflammatory cytokine synthesis in stimulated 
bone marrow-derived macrophages and diabetogenic CD4+ T cells. A decrease in Th1 



cytokine responses was observed when antigen-stimulated BDC-2.5 T cells and LPS-
stimulated bone marrow-derived macrophages were co-treated with the coating 
material, suggesting the efficacy of this encapsulation strategy to provide physical islet 
protection and prevent efficient autoreactive T cell responses. The developed material 
combines high chemical stability under physiologically relevant conditions with capability 
of scavenging free-radicals, two crucial parameters for prolonged islet integrity, viability, 
and function in vitro/in vivo. Our study offers new opportunities in the area of advanced 
transplant materials to be used in Type 1 diabetes treatment as well as in various areas 
of cell-based therapy. 
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Using advanced surface characterisation techniques to determine the construct 
of a formulation - what, where and how much – for successful delivery 

Andrew Parker, aparker@molprofiles.co.uk.Molecular Profiles Ltd., Nottingham, United 
Kingdom 

The ability to predict, probe and visualise the physicochemical structure of components 
within drug delivery systems and formulations has many applications throughout the 
lifecycle of a product, from supporting R&D to patent protection. Sophisticated analytical 
technologies are available enabling the direct correlation of physicochemical structure to 
overall function and formulation attributes through generation of spatially resolved 
information. This presentation will cover two case studies where advanced, surface 
sensitive techniques have been used as part of biopharmaceutical development for a 
recombinant HIV vaccine and a gene therapy formulation. As part of this review, some 
of the key surface analytical technologies will be briefly introduced. The presentation will 
focus on how the understanding of the physical nano- and microstructure of 
biopharmaceutical formulation can yield insight into the link between processing and 
both physicochemical and biological properties. This will include determination of the 
coverage and mechanism of loading of antigens and control proteins onto microparticle 
colloidal delivery systems generated using different formulation designs. The talk will 
also cover the assessment of stability of prototype, non-viral, polymer gene delivery 
vectors against enzymatic degradation and impact on ultimate gene delivery success. 
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MOF and porous polymer networks for gas storage 

Dr. Hongcai Zhou, zhou@chem.tamu.edu.Department of Chemistry, Texas A&M 
University, College Station, TX 77843, United States 

Current State of MOF and porous polymer networks for gas storage. 
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Nanoporous gold catalyst for cross-dehydrogenative coupling via C-H bond 
activation 

Hon Eong Ho1, honeong@yahoo.com, Tienan Jin1, Naoki Asao1, Yoshinori 
Yamamoto1,2.  (1) WPI-Advanced Institute for Materials Research (WPI-AIMR), Tohoku 
University, Sendai, Japan  (2) State Key Laboratory of Fine Chemicals, Dalian 
University of Technology, Dalian, China 

Catalysis using nanoporous gold (AuNPore) materials have attracted increasing interest 
due to their potentially green and sustainable catalytic properties. Our recent advances 
on heterogeneous catalytic applications using AuNPore catalyst demonstrated that 
AuNPore has an excellent activity for selective oxidation and reduction reactions in 
liquid phase. However, it has not been used in more complex molecular transformations 
such as C-H bond activation. Herein, we present that AuNPore is an excellent 
heterogeneous catalyst for cross-dehydrogenative-coupling (CDC) reaction between 
sp3-hybridized carbon adjacent to tertiary amine and various nucleophiles. 

Catalytic CDC reaction has attracted increasing attention due to their direct C-C bond 
formation through the activation of unfunctionalized C-H bond, which is regarded as a 
more environmentally friendly and atom efficient process in organic synthesis. By using 
AuNPore catalyst, the CDC reaction of 1,2,3,4-tetrahydroisoquinoline and nitromethane 
proceeded smoothly in the presence of O2 at 80 oC, while the reaction was carried out 
at room temperature with TBHP as oxidant to give the corresponding cross-coupling 
product in excellent yield. AuNPore catalyst can be recovered easily and reused up to 
ten cycles without any decrement in catalytic activity. The three-dimensional open pore 
network structures and high surface-to-volume ratio of this green catalyst will be 
discussed. 
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New method for controlling hydrogen spillover and storage: The molecular cork 
effect 

Charles Sykes, charles.sykes@tufts.edu.Chemistry, Tufts University, Medford, MA 
02155, United States 

Hydrogen activation, uptake and reaction are important phenomena in heterogeneous 
catalysis, fuel cells, hydrogen storage devices, materials processing, and sensing. 
Spillover is a common method by which a reagent can be activated at one location and 
then reacted at another, and it is commonly invoked to explain the synergistic 
relationship between metals in an alloy or metal/metal oxide mixtures. In heterogeneous 
catalysis hydrogen spillover from metal particles to reducible oxide supports is 
implicated as an important step in a variety of reactions including hydrogenations, 
hydroisomerizations, and methanol synthesis. Hydrogen spillover has also been shown 
to significantly enhance the performance of hydrogen storage materials such as metal 
organic frameworks, zeolites and many carbon-based nanostructures. Despite these 



advances, the mechanism of spillover in most systems remains poorly understood, and 
with the exception of hydrogen bridges in storage systems, methods for mediating the 
spillover pathway do not exist.We discovered a system in which the uptake and release 
of hydrogen from a copper surface occurs solely through 1% of the surface sites which 
are individual, isolated, catalytically active palladium atoms. The surface can either be 
kept free of hydrogen by pre-adsorption of carbon monoxide or that hydrogen can be 
trapped on the surface by post-adsorption. In this way the coverage of the surface as a 
whole can be controlled by the addition of a single molecule to a minority atomic-scale 
site which we term a molecular cork effect. This non-equilibrium effect can be used to 
produce superheated hydrogen atoms, a more reactive form than regular surface bound 
hydrogen. We also demonstrate in a model system that the molecular cork effect could 
offer a new method for mediating the kinetics of hydrogen uptake and release from 
storage materials that rely on spillover from small metal particles. 
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Phototropic growth control of nanoscale pattern formation in 
photoelectrodeposited Se-Te films 

Bryce Sadtler1, brysad@caltech.edu, Stanley P Burgos2, Nicolas A Batara2, Joseph A 
Beardslee1, Harry A Atwater2,3, Nathan S Lewis1,3,4.  (1) Division of Chemistry and 
Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, United 
States  (2) Department of Applied Physics and Materials Science, California Institute of 
Technology, Pasadena, CA 91125, United States  (3) Kavli Nanoscience Institute, 
California Institute of Technology, Pasadena, CA 91125, United States  (4) Beckman 
Institute, California Institute of Technology, Pasadena, CA 91125, United States 

Photoresponsive materials that adapt their growth rates dynamically to the local incident 
electromagnetic field would provide a remarkable route to the synthesis of complex 
three-dimensional mesoscale structures via feedback between illumination and the 
morphology that develops in response to the optical excitation. We report the 
spontaneous development of ordered, complex nanoscale lamellar patterns in 
electrodeposited selenium–tellurium (Se–Te) alloy films that are grown under uniform 
illumination on unpatterned substrates in an isotropic electrolyte solution. These 
inorganic nanostructures exhibited phototropic growth in which lamellar stripes grew 
towards the incident light source, adopted an orientation parallel to the light polarization 
direction, and showed an increased growth rate with increasing light intensity. The 
illumination wavelength controlled the lamellar period, which varied from 130 nm for 
ultraviolet light to 412 nm for near-infrared light. The height modulation of the lamellar 
morphology was determined by the ratio of the photocurrent-mediated growth rate to the 
growth rate mediated by the dark current at a given applied potential. Highly anisotropic 
features, exhibiting average lamellar heights of 938 nm and widths of 164 nm, were 
formed under incident light intensities of 18.6 mW/cm2 at a potential of -0.40 V 
referenced to a standard calomel electrode. Furthermore, the patterns responded 
dynamically to changes during growth in the polarization, wavelength, and angle of the 
incident light, enabling the template-free and pattern-free synthesis of woodpile, spiral, 



or branched structures. Full-wave electromagnetic simulations were used to model the 
light–matter interactions in Se–Te films. In combination with Monte Carlo growth 
simulations, this approach produced a model for the morphological evolution of the 
lamellar structures under phototropic growth conditions. The simulations and 
experiments are consistent with a phototropic growth mechanism in which the optical 
near-field intensity profile selects and reinforces the dominant morphological mode in 
the developing nanoscale patterns. 

COLL 375 

Soft X-ray nanospectroscopy for power generation and energy storage green 
devices 

Masaharu Oshima, oshima@sr.t.u-tokyo.ac.jp.Department of Applied Chemistry, The 
University of Tokyo, Tokyo, Japan 

In order to meet strong demands for electronic state analysis for green devices such as 
ultra-low power consumption LSI, Li ion battery (LIB) and fuel cells, we have developed 
soft X-ray nano-spectroscopy techniques. In this talk, I will introduce our latest results 
on electronic structures of non-Pt cathode catalysts for power generation and LIB 
cathode materials for energy storage revealed by synchrotron radiation analysis. 

First of all, we analyzed electronic structures of carbon-related catalysts alternative to Pt 
for Polymer Electrolyte Fuel Cells (PEFC) in order to elucidate the oxygen reduction 
reaction (ORR) mechanism. We prepared metal phthalocyanine-based carbon catalysts 
with 1-2% nitrogen and less than 0.1 % of Fe for PEFC. Photoelectron spectroscopy 
and first principles calculation revealed that zigzag edge carbons with neighboring 
graphite-like nitrogen are ORR active sites. Based on these analyses, we fabricated fuel 
cell stack for PEFC which showed comparable performance to Pt catalysts. 
Furthermore, we have taken in operando soft X-ray emission spectra of Fe 2p-3d 
transition during power generation, revealing that Fe impurity may act as an ORR 
catalyst. 

Next, we analyzed the change of Fe 3d states accompanied with the Li intercalation/ 
deintercalation process by resonant photoemission spectroscopy. The main peak shift 
and expansion of Fe 3d bands through the Li deintercalation reflect the strong 
hybridization between Fe 3d states and O 2p state. Since the battery voltage should 
reflect the energy difference between Li 2s and Fe 3d down-spin state, we measured 
the change in Fe 3d down-spin states for LiFePO4 (3.4V) and Li2FeP2O7 (3.6V) and 
found that 0.2 eV shift from PO4 to P2O7 poly-anions directly reflects battery voltage. 
Furthermore, we investigated the electronic states of Mn 3d during Li intercalation/ 
deintercalation into LiMn2O4 cathode using in operando soft X-ray emission 
spectroscopy at different charge/ discharge voltages. 
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ZnO and SnO2 nanostructured metal oxide anodes for dye-sensitized solar cells 

Xiang Liu1, antelarliu@gmail.com, Wai Yan Jim1, Gang Wang1, Annie Ng1, Fangzhou 
Liu1, Yip Hang Ng1, Yu Hang Leung1, Djurišić B. Aleksandra1, Wai Kin Chan2.  (1) 
Physics, The University of Hong Kong, Hong Kong, Hong Kong N/A, Hong Kong Special 
Administrative Region of China  (2) Chemistry, The University of Hong Kong, Hong 
Kong, Hong Kong N/A, Hong Kong Special Administrative Region of China 

Dye-sensitized solar cells (DSSCs) typically consist of a metal oxide layer, to which dye 
molecules are adsorbed and which serves as electron transport material. Although TiO2 
is the most commonly used material for this purpose, compared to other wide band gap 
oxides, such as ZnO and SnO2, it has lower electron mobility. We investigated the use 
of ZnO and SnO2 as electrodes in DSSC, and explored methods to improve their 
performance, since despite higher electron mobilities these materials result in lower 
DSSC efficiencies compared to TiO2. For ZnO, the main problem is its inferior stability in 
acidic solutions. Consequently, dye adsorption occurs together with the formation of the 
dye-Zn2+ ion complexes. Rich defect chemistry of ZnO further complicates dye 
adsorption and electron transport in ZnO photoanodes, and we found that not only the 
maximum efficiency but also optimal processing conditions such as annealing 
temperatures are strongly defect dependent. We also explored different surface 
treatments for this material to further improve the efficiency. For SnO2, the main issue is 
poor adsorption of the dye molecules. This is usually addressed by surface 
modifications, typically by TiO2. We also explored the influence of different Ti precursors 
on the device performance. The results were discussed in detail. 

Keywords: ZnO; SnO2; nanoparticles; dye-sensitized solar cells 
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Neutral aqueous asymmetric supercapacitors with synergistically coupled MnO2 
nanoflowers and CNTs 

Yuanbing Mao, ybmao@yahoo.com, Qiang Li.Department of Chemistry, University of 
Texas-Pan American, Edinburg, TX 78539, United States 

Electrochemical capacitors (ECs) are promising power sources for portable electronics 
and hybrid electric vehicles. To solve the poor ionic conductivity, intrinsic inflammability 
and toxicity issues of current ECs incorporating organic electrolytes, aqueous 
electrolyte-based asymmetric supercapacitors (ASCs) have been attracting intensive 
attention recently by applying a battery-like Faradic cathode and a capacitive anode. In 
this presentation, we first report a facile synthesis of highly monodisperse 

nanostructured MnO2 flowers with averaged diameter of ∼25 nm via redox reaction 
between KMnO4 and N-Methyl-2-pyrrolidone under mild conditions. Then neutral 
aqueous ASCs were assembled using these nanostructured MnO2 as cathode and 
functional carbon nanotubes (CNTs) as anode. These ASCs exhibits an operational 
window as high as 2.0 V, a highest energy density of 29.2 Wh kg-1 at a power density of 



105 W g-1 and competitive rate performance. The electrochemical performances, 
especially the rate capacity, of these ASC devices have been improved by the 
monodisperse and fine MnO2 nanoflowers and intertwined CNT networks with 
complementary potential windows. This novel nanoarchitecture offers more accessible 
sites for the surface electrochemistry/adsorption and short paths for ionic 
diffusion/percolation, and high ionic conductivity and safety by the selected neutral 
aqueous electrolyte. This study demonstrated a robust synthesis route for MnO2 
nanoflowers as the cathode material, but also synergistic effects of ASC components for 
their practical applications. 
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Nanoporous materials for energy applications: An industrial perspective 

Bilge Yilmaz1, bilge.yilmaz@basf.com, Manuela Gaab2, Ulrich Mueller2.  (1) BASF 
Corporation, Iselin, NJ 08830, United States  (2) BASF SE, Process Research and 
Chemical Engineering,, Ludwigshafen, Ludwigshafen D-67056, Germany 

Crystalline nanoporous materials serve many pivotal functions in industrial chemistry. 
They bring numerous crucial features into industrial applications, such as uniform 
porosity, high surface area, inter-connected pore/channel system, accessible pore 
volume, high adsorption capacity, ion-exchange ability, enhanced catalytic activity, and 
shape/size selectivity. As a well-established family of nanoporous materials, zeolites 
have already been of vital importance for the production of liquid transportation fuels for 
decades. As an emerging class of porous materials, metal organic frameworks (MOFs) 
offer promise in a variety of applications and can play a significant role in fields that are 
critical for the future of our industrialized society. In global efforts to transition into other 
transportation fuels such as Hydrogen and Methane, MOFs can serve as the energy 
storage media.  
Even though it is a relatively new member of the porous solids family, MOF research 
has expanded with an astonishing pace in the last decade and the number of patents 
and publications has been increasing exponentially. There are already hundreds of 
different MOFs reported in literature, resulting in a library of structure types with 
chemical versatility and compositional diversity. In this contribution, an industrial 
perspective on the synthesis and utilization of nanoporous materials for current and 
future applications will be presented. Among this long list of applications, the focus will 
be on our experience with MOFs as clean energy carriers. 
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Colloids with directional interactions 

David J Pine, pine@nyu.edu.Department of Physics, New York University, New York, 
NY 10002, United States 



We have developed new kinds of colloidal particles with either geometrical or chemical 
patches that give rise to directional interactions. These interactions allow colloids to 
interact with each other more like atoms, which in turn are used to build up structures 
that are not possible with isotropic interactions. These directional interactions are being 
developed to make self-replicating colloidal motifs and new colloidal crystals. 
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Inverse patchy colloids: From coarse-graining to self-assembly 

Christos N. Likos, christos.likos@univie.ac.at.Faculty of Physics, University of Vienna, 
Vienna, Austria 

We consider a novel class of patchy colloids which are characeterized by 
inhomogeneous charge distributions (patches) in their interior or on their surfaces. 
Physical examples are, e.g., proteins, viral capsids or colloidal-polyelectrolyte 
complexes, whose morphology is experimentally tunable. In contrast to convensional 
patchy colloids, the patches of the inverse patchy colloids (IPC's) attract the unpatched 
regions and repel the patch regions of their counterparts. By solving analytically the 
Debye-Hueckel approximation, we first calculate the anisotropic interaction potential 
between two IPC's in explicit form and then we perform a mapping onto a 
computationally much simpler model. We employ this model to study the self-assembly 
scenarios of IPC's under geometrical confinement and we establish the importance of 
the physical parameters leading to the formation of two distinct aggregate states: a 
disordered gel and a microcrystalline gel. 

Work performed in collaboration with Emanuela Bianchi and Gerhard Kahl (Technical 
University of Vienna). 
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Causes and consequences of asymmetry in colloidal clusters 

Vinothan N. Manoharan, vnm@seas.harvard.edu.School of Engineering and Applied 
Sciences, Harvard University, Cambridge, MA 02138, United StatesDepartment of 
Physics, Harvard University, Cambridge, MA 02138, United States 

One way to prepare anisotropic colloidal particles is to start with isotropic (spherical) 
particles and assemble them into clusters. When the particles assemble under 
equilibrium conditions -- such that they can rearrange dynamically -- we find that the 
resulting clusters tend to be asymmetric. I will show that the asymmetry is a result of 
entropy, specifically rotational entropy, which is related to the number of permutations of 
particles. Symmetric structures such as octahedra and icosahedra have fewer 
permutations and are therefore highly unfavorable. The tendency toward asymmetry 
may complicate the self-assembly of larger scale structures, since asymmetric clusters 
show slower rotational diffusion. I will discuss how we can measure this rotational 



diffusion using holographic microscopy, and will also discuss a new way to make large 
quantities of quasi-symmetric tetrahedral clusters using a non-equilibrium assembly 
method called random parking. 
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Fluctuation-driven anisotropic assembly in nanoscale systems 

Sanat Kumar, sk2794@columbia.edu.Department of Chemical Engineering, Columbia 
University, New York, New York 10027, United States 

The behavior of nanoscale systems can be very different from their macroscopic 
analogs due to a dominance of fluctuation effects. For example, only driven nanoscale 
systems can have negative entropy production while macroscale systems do not . We 
demonstrate that the self-assembly of nanoparticles (NPs), grafted randomly with 
polymer chains, into anisotropic structures is another manifestation of this effect. 
Computer simulations demonstrate that the organization of ligand atoms around an 
individual NP has significant inherent anisotropy for small number of grafts and ligand 
monomers, leading to pronounced fluctuation effects. This spatially asymmetric ligand 
distribution causes the effective, two-body inter-NP potential to have a strong 
orientational dependence, which reproduces the essential features of anisotropic 
assembly observed ubiquitously for this class of systems. In contrast, an effective 
potential that ignores the angular dependence of the interaction potential does not yield 
NP self-assembly. This idea of fluctuation driven behavior is expected to be broadly 
relevant, and for example it should have important consequences for the assembly of 
ligand-decorated quantum dots into ordered vs. disordered arrays. 

COLL 383 

Dynamics of DNA-linked paramagnetic chains - connecting the nanoscale linkers 
to the microscale chains 

Julie Byrom, Sibani Lisa Biswal, biswal@rice.edu.Chemical and Biomolecular 
Engineering, Rice University, Houston, TX 77005, United States 

Microscale paramagnetic particles can be aligned into anisotropic chains of particles 
under the application of an external magnetic field. We can link these particles together 
with DNA of varying lengths to create a model bead-spring-bead system. Here I will 
discuss how the properties of the DNA linker affects the dynamics of the large 
microscale chain structure. Parameters that affect the stability of the chain, such as 
spacing between the particles controlled by magnetic field, length and rigidity of the 
DNA linker, and grafting density will be described in detail. 
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On the frontier: Some observations of surface tension phenomena from the 
International Space Station 

Donald Pettit, donald.r.pettit@nasa.gov.CB, NASA JSC, Houston, Texas 77058, 
United States 

Frontiers are interesting places partly because they offer the possibility to make 
observations outside our normal range of experience. The International Space Station is 
such a frontier offering a reduction in acceleration forces by nearly a factor of a million. 
This allows the observation of subtle surface tension phenomena that are typically 
masked on Earth. Simple video observations of surface tension phenomena will be 
presented: the dynamics of a 200mm diameter free water sphere, 1 to 10mm free water 
droplets inside of a 50mm diameter bubble, 12mm water droplet ejection from a tube, 
Maragoni convection in a 50mm diameter by 500um thick water film, channel flow of 
water in a container with acute angled walls, first contact and subsequent spreading of a 
70mm water sphere on wetting and non-wetting surfaces, and CO2 bubble formation on 
a solid reacting surface surrounded by water. There will be many questions and few 
answers, which of course is a characteristic of being on a frontier. 
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Reducing the residence time of bouncing drops 

James Bird1, jbird@bu.edu, Rajeev Dhiman2, Hyuk-Min Kwon2, Kripa Varanasi2.  (1) 
Department of Mechanical Engineering, Boston University, Boston, MA 02215, United 
States  (2) Department of Mechanical Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 02139, United States 

When water drops impact on to a superhydrophobic surface, the drops can recoil to 
such an extent that they completely bounce off the solid material. The time it takes for 
the drop to spread and recoil – the residence time – scales with the hydrodynamic 
inertial-capillary timescale. However, there is evidence that the coefficient of this scaling 
depends on surface-structure interactions, such as pinning. Here we investigate how 
surface interactions can influence droplet residence time, and we compare our results to 
existing models. We highlight an assumption in the current theory that imposes a lower-
bound on the residence time. By designing around this constraint, we demonstrate 
novel superhydrophobic surfaces on which water droplets impact with shorter residence 
times than previously thought possible. 

COLL 386 

Drop splashing: Where is the air? 

Sidney R. Nagel, srnagel@uchicago.edu.Department of Physics, University of Chicago, 
Chicago, Illinois 60637, United States 



A liquid drop hitting a dry solid substrate will not splash if the ambient air pressure is 
sufficiently low. Decreasing the air pressure also eliminates splashing from a rough 
surface even though the overall form of the splash appears to be significantly different. 
Indeed there are several distinct regimes of splashing that all display this extreme 
sensitivity to the gas pressure. The reasons for how the surrounding air can be such an 
important control parameter for creating a splash are still unknown. Indeed, it has not 
even been established where the air creates this effect on the spreading drop. This talk 
will detail some of the experiments that have uncovered this surprising phenomenon 
and describe some of our experiments that search for where on the drop surface the air 
plays a significant role for creating a splash. 
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Mechanics of nonspherical, shape-changing edoskeletal droplets 

Eric M Furst1, furst@udel.edu, Alexandra V. Bayles1, Patrick T Spicer2, Marco 
Caggioni3.  (1) Department of Chemical and Biomolecular Engineering, University of 
Delaware, Newark, DE 19716, United States  (2) School of Chemical Engineering, 
University of New South Wales, Sydney, New South Wales 2052, Australia  (3) CETL, 
The Procter and Gamble Company, Cincinnati, OH, United States 

Endoskeletal droplets are a new class of responsive materials consisting of an oil-in-
water emulsion with an internal scaffold consisting of soft network of crystalline solids 
that provides the ability to hold a non-spherical shape. The balance of forces in these 
metastable structures can be used to trigger reorganization in shape in response to 
external stimuli. A simple stability model captures the overall responsiveness of the 
endoskeletal droplets as a function of temperature (mechanics of the crystalline solid 
skeleton) and surface tension. Next, a more detailed model of the drop mechanics was 
developed to analyze the shape stability of complex shaped droplets, such as a ball-
and-stick. We consider the external (traction) forces acting on the body and the internal 
reaction forces to maintain mechanical equilibrium. After calculating the principal 
stresses in the endoskeletal droplet, the von Mises yield criterion is used to predict the 
droplet stability. The detailed model for instance predicts that the neck region of the ball-
and-stick fails first, in agreement with experiments. This model provides a means for 
engineering endoskeletal drops with geometries tailored for specific mechanical 
responses. 
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Overview of partial coalescence 

Francois Blanchette1, fblanchette@ucmerced.edu, Terry Bigioni2, John W.M. 
Bush3.  (1) Applied Mathematics, U.C. Merced, Merced, CA 95343, United States  (2) 
Chemistry, University of Toledo, Toledo, OH, United States  (3) Mathematics, 
Massachussetts Institute of Techonology, Cambridge, MA, United States 



We present an overview of partial coalescence of drops with a reservoir or larger drop. 
After presenting the basic mechanism at play, as confirmed by numerical simulations 
and experimental evidence, we investigate cases where the surface tension of the drop 
differs from that of the reservoir because of compositional differences. We also present 
numerical simulations of partial or total coalescence in the presence surfactants. Time 
permitting, we will describe how the settling of drops in a stratified ambient is affected 
by density and surface tension variations, even when the latter are very small. 
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Controlling coalescence of paired droplets 

Thomas E Kodger, tkodger@fas.harvard.edu, Donald A Aubrecht, Ilke Akartuna, David 
A Weitz.School of Engineering and Applied Sciences, Harvard University, Cambridge, 
Massachusetts 02138, United States 

Emulsions are droplets of one fluid dispersed in an immiscible continuous fluid. This 
dispersion is not thermodynamically stable; all droplets will eventually coalesce and the 
emulsion macroscopically phase separates into its constitutive fluid phases. Controlled 
coalescence in microfluidic devices has been achieved by hydrodynamic forcing of 
surfactant-free droplet interfaces or electro-coalescence of surfactant-stabilized 
droplets. We will present a microfluidic device that controllably coalesces pairs of 
droplets via the local introduction of a co-surfactant. 
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Microfluidic generation of uniform water droplets within a gaseous continuous 
phase 

Kunqiang Jiang1, Annie Xi Lu2, xilu0306@umd.edu, Don L. DeVoe3, Srinivasa R. 
Raghavan2.  (1) Department of Chemistry and Biochemistry, University of Maryland, 
College Park, MD 20742, United States  (2) Department of Chemical & Biomolecular 
Engineering, University of Maryland, College Park, MD 20742, United States  (3) 
Department of Mechanical Engineering, University of Maryland, College Park, MD 
20742, United States 

In recent years, microfluidics has emerged as a promising technique to produce 
discrete, uniform liquid droplets or gas bubbles. In a typical droplet production platform, 
a flow of one phase denoted as the “dispersed phase” (DP) is contacted with a second 
immiscible phase denoted as the “continuous phase” (CP) in a microdevice of specific 
geometry, e.g., T-junction or co-flow. For example, contact of an aqueous DP with an 
oil-based CP creates discrete aqueous droplets within the microchannel. While the DP 
can be liquid (creating droplets) or gaseous (creating bubbles), most studies use only a 
liquid for the continuous phase. Although a gaseous CP would offer many advantages 
(specifically in generating droplets that are clean and contaminant-free), it is not 



commonly used probably due to the experimental difficulties involved in its 
implementation. 

Here we demonstrate a new platform for producing aqueous microdroplets using a flow 
of gas as the CP. Our platform features a co-flow tubing device, with the aqueous flow 
(DP) through the inner tube getting periodically dispersed into droplets by gas flowing 
through the external tube. Monodisperse droplets can be achieved through optimization 
of the device dimensions, the surface chemistry of the tube walls, as well as the flow 
rate ratios. This process is robust and controlled, and the generated droplets can be 
collected at the outlet of the channel. The physics behind such droplet formation will 
also be discussed. 

COLL 391 

Colloidal particles and droplets probed by second harmonic light scattering 

Grazia Gonella, gonella@temple.edu, Bolei Xu, Yajing Wu, Milan Patel, Hai-Lung 
Dai.Department of Chemistry, Temple University, Philadelphia, PA 19122, United States 

Second harmonic light scattering (SHS) is a coherent second-order optical technique 
that is surface and symmetry sensitive and can be performed in-situ in the colloidal 
liquid environment. SHS has been recently proven to be sensitive to size, shape and 
composition of metallic (Ag) and dielectric (polystyrene) nano- and micro-particles with 
or without adsorbed molecular monolayers. Rigorous theoretical models have been 
developed to understand how these factors influence the nonlinear optical properties 
and explain the experimental data. In this report, we focus on the application of SHS for 
probing liquid/liquid colloidal systems such as emulsions and micelles, in particular the 
stability of these systems as influenced by solvent ionic strength and pH. 

COLL 392 

Novel functional thiol monolayer-protected gold nanorods: Property and self-
assembly 

Chenming Xue, Karla Gutierrez, Quan Li, qli1@kent.edu.Liquid Crystal Institute, Kent 
State University, Kent, Ohio 44242, United States 

Considerable efforts have been devoted to gold nanoparticles owing to their diverse and 
distinct properties. Compared to the widely investigated isotropic spherical gold 
nanoparticles, anisotropic gold nanorods are particularly fascinating and challenging. 
Gold nanorods exhibit unique strong and tunable surface plasmon resonances ranging 
from visible to near-IR region depending on their size and shape, providing many 
promising applications in negative index materials, optics, sensors and biological 
imaging devices, etc. It is well established that the surface modification of gold 
nanorods through strong Au-S covalent linkages can offer a versatile means to 
introduce functionalities as well as to stabilize the particles. For example, both 



fluorescence quenching and enhancement could exist when controlling organic 
chromophore in appropriate distances to the surface of gold nanoparticles. Moreover, 
the surface molecules can bring gold nanorods compatible with multiple organic media 
and guide them to form well-defined self-assembly structures. The resulting self-
assembled nanostructures can result in new functions, especially for their optical 
properties. In this talk, we will present our very recent progress on functional thiol 
monolayer-protected gold nanorods. 

1Supported by the Air Force Office of Scientific Research (FA9550-09-1-0254) 

COLL 393 

Optical properties and bioapplications of the aggregation-induced emission of 
fluorescent dyes 

Franklin Anariba1, franklin_anariba@sutd.edu.sg, Leng Leng Chng2.  (1) Engineering 
Product Development, Singapore University of Technology and Design, Singapore, 
Singapore 138682, Singapore  (2) Green Chemistry and Energy, Institute of 
Bioengineering and Nanotechnology, Singapore, Singapore 138669, Singapore 

Syntheses of 2, 3, 4, 5-tetraphenylcyclopenta-2, 4-dienyl benzene derivatives tailored 
with substituents of various lengths and molecular composition are accomplished and 
their UV-Vis and fluorescence properties are investigated. Preliminary studies reveal 
that all of the novel fluorescent dyes displayed aggregation-induced emission (AIE) in 

the blue region (∼ 460 nm) with a strong luminescence in both organic solvents and 
aqueous solutions without the need to mix organic and aqueous solvents. Furthermore, 
temperature studies indicate that both aggregation-induced behavior and the initial 
degree of solubility played an important role in the overall observed properties of the 
fluorescent dyes. Applications in bioimaging and nucleic acid detection is put forth. 
Taken together, these findings are of great importance for they provide a platform for 
further rational design and synthesis of luminescent and biocompatible nanoparticles for 
a wide range of bioapplications. 

COLL 394 

Low molecular weight aromatic compounds possessing nonflammable and 
flammable characteristics in calcium fluoride nanocomposite matrices after 
calcination at 800 oC 

Tomoya Saito1, hideosaw@cc.hirosaki-u.ac.jp, Masakazu Nishida2, Haruhiko Fukaya2, 
Hiroshi Kakehi3, Yoshihiro Kato3, Masashi Miura3, Norifumi Isu3, Hideo Sawada1.  (1) 
Department of Frontier Materials Chemistry, Hirosaki University, Hirosaki, Aomori-ken 
036-8561, Japan  (2) National Institute of Advanced Industrial Science and Technology, 
Nagoya, Aichi-ken 463-8560, Japan  (3) R & D Center, LIXIL Corporation, Tokoname, 
Aichi-ken 479-8588, Japan 



The bond-strengthening effect of fluorine appears in Ca-F bond (132 kcal or 552 
kJ/mol).1) This suggests that the strength of Ca-F bond in CaF2 should give rise to a 
nonflammable behavior toward usual organic compounds in calcium fluoride matrices 
through a combination of the very strong Ca-F bond and the intermolecular hydrogen 
bonding between fluorine in CaF2 and hydrogen in an organic compound. Here we 
report that low molecular weight aromatic compounds such as bisphenol AF, bisphenol 
A and bisphenol F can exhibit a nonflammable characteristic in calcium fluoride 
matrices even after calcination at 800 oC. 

Calcium chloride reacted with potassium fluoride in the presence of low molecular 
weight aromatic compounds (ArH ) such as bisphenol AF, bisphenol A, bisphenol F, 
biphenyl, and 1-(2-naphthyl)ethanol under alkaline conditions to afford new calcium 
fluoride/ArH composites. Interestingly, aromatic compounds possessing acidic hydroxyl 
groups in the calcium fluoride nanocomposites were found to exhibit a nonflammable 
characteristic even after calcination at 800 oC, although the corresponding aromatic 
compounds possessing neither acidic hydroxyl groups nor hydroxyl groups in the 
nanocomposites exhibited a usual flammable characteristic under similar conditions. 

1) Blue, G.-D.; Green, J. W.; Bautista, R. G.; Margrave, J. L. J. Phys. Chem. 1963 , 67, 
877 - 882. 

COLL 395 

Aggregation kinetics of single-walled carbon nanotubes by mechanically 
wrapped multinuclear complexes 

Jordan C Poler, jcpoler@uncc.edu, Anjail A Ameen, Andrea N. Giordano, Jeffrey R 
Alston, Michael W Forney.Department of Chemistry, University of North Carolina at 
Charlotte, Charlotte, NC 28223, United States 

Additional control in directed and self-assembly of nanoscale elements will lead to more 
efficient and economically viable production of nanoscale sensors, switches, and 
actuators for mechanical and biological applications. Chemical functionalization can 
enhance integration of supramolecular and supraparticle assemblies for various 
technological enablers such as: metal catalysts for water purification, novel filter media 
and membrane coatings, or into composite materials. Interaction potentials due to 
solvent organization about the SWCNTs and due to self-assembled surfactant 
organization about the SWCNTs have been calculated. Our recent observations of 
“transient stability” during SWCNT aggregation N-methyl-2-pyrrolidone (NMP) is likely 
due to organized solvent structural forces. Moreover, the length of the transient stability 
was enhanced when the dispersion was destabilized with divalent Ca2+ compared to 
monovalent Na1+ ions. The role of solvated ions on solvent structural repulsive 
interactions between SWCNTs will be addressed. The precise nature of the electrical 
double layer (EDL) repulsive barrier model is not clear for the systems we describe 
here. The results below describe the stability and aggregation kinetics of SWCNTs as a 
function of coagulant type, shape, charge, and ability to bind to the nanoparticles. 



Detailed kinetics data should help determine the nature of LRI between dispersed 
nanoparticles. We find that for cation charge Z+ = +1 there are significant differences in 
dispersion stability, Xo, as the size of the solvated ion is varied. The dispersion stability 
is nearly independent of SWCNT concentration from 3 mg/L to 30 mg/L. In this paper 
we quantify the Xo of SWCNTs in DMF and measure the slow Reaction Limited Colloid 
Aggregation (RLCA) kinetics for a homologous series of ruthenium complexes as a 
function of charge state and binding capabilities of the coagulant. Molecular dynamics 
calculations are consistent with our transient stability results and imply that crossed tube 
interactions dominate the kinetics 

COLL 396 

Using X-ray and neutron scattering to study the directed synthesis of polymer 
nanocapsules using surfactant vesicles as templates 

Andrew G Richter1, andrew.richter@valpo.edu, Sergey A Dergunov2, Mariya D Kim2, 
Sai V Pingali3, Volker Urban3, Eugene Pinkhassik2.  (1) Department of Physics and 
Astronomy, Valparaiso University, Valparaiso, Indiana, United States  (2) Department of 
Chemistry, Saint Louis University, St. Louis, Missouri, United States  (3) Center for 
Structural Molecular Biology, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
United States 

We have been using lipid vesicles as templates in the directed synthesis of hollow 
polymer nanocapsules. Hydrophobic monomers are localized within the lipid bilayer; 
polymerization and removal of the lipids forms polymer nanocapsules of well-defined 
shape and size, which we have studied using a variety of techniques including SANS 
and SAXS. More recently we have shown that we can also use surfactants as 
templates, providing a more efficient fabrication route with a richer parameter space. 
Intriguingly, we have found conditions in which co-assembly of the surfactants with 
monomers leads to a broader vesicle-formation phase: without monomers, only small 
micelles and large worm-like micelles are formed; in the presence of monomers, 
vesicles are formed. This co-assembly processes has been studied using TEM, 
dynamic light scattering, SAXS, and SANS. 

COLL 397 

Interactions of functionalized-gold nanoparticles with supported lipid bilayers 

Thomas R Kuech1, trkuech@wisc.edu, Stephanie R Walter2, Sam E Lohse3, Arielle C 
Mensch4, Catherine J Murphy3, Franz M Geiger2, Robert J Hamers4, Joel A 
Pedersen1.  (1) Environmental Chemistry & Technology Program, University of 
Wisconsin-Madison, Madison, WI 53706, United States  (2) Department of Chemistry, 
Northwestern University, Evanston, IL, United States  (3) Department of Chemistry, 
University of Illinois-Urbana Champaign, Urbana, IL 61801, United States  (4) 
Department of Chemistry, University of Wisconsin-Madison, Madison, WI 53706, United 
States 



Lipid membranes form the interface between living cells and their environment. 
Nanoparticle (NP) uptake into cells requires attachment to and penetration of lipid 
bilayers, and NP interaction with lipid membranes may initiate signaling cascades or 
membrane disruption leading to adverse biological outcomes. At present, only limited 
molecular scale information is available on the interactions of NPs with cellular 
membranes that influence their attachment to and internalization by cells. As a first step 
toward deeper molecular scale understanding of NP uptake by and effects on cell 
membranes we investigated NP interaction with model phospholipid membranes. We 
examined the influence of NP charge, solution conditions, and bilayer composition on 
NP attachment, changes in membrane order, and membrane disruption. Gold 
nanoparticles were synthesized and functionalized with organic ligands (e.g., 
mercaptopropionic acid) or polymer wrapped (e.g., poly(allylamine hydrochloride), or 
poly(acrylic acid)). Supported lipid bilayers composed of single and binary mixtures of 
phospholipids were formed on solid substrates. We employed a suite of techniques to 
investigate NP interaction with the supported lipid bilayers including quartz crystal 
microbalance with dissipation, sum frequency generation spectroscopy (SFG), and 
optical waveguide lightmode spectroscopy. Inclusion of phospholipids into the lipid 
bilayer with head groups bearing charge opposite that of the NPs promoted attachment. 
SFG spectroscopy allowed us to observed structural changes of the lipids within the 
bilayer induced by interaction with NPs. 

COLL 398 

Nanoscale interactions of colloidal adhesives with lignocellulosic substrates 

Jane L O'Dell, janeodell@fs.fed.us, Joseph Jakes, Christopher Hunt, Charles R 
Frihart.Forest Biopolymers Science & Engineering, US Forest Service-Forest Products 
Laboratory, Madison, WI 53726, United States 

Understanding colloidal adhesive performance in bonding biologically produced 
lignocellulosic materials, like wood, is complicated, because they are porous, 3 
dimensional, anisotropic composites. Adhesive components migrate differentially into 
the wood substrate due to the spatial hereogeneity and hierarchal structure of the cell, 
via either lumen filling or infiltration into the cell wall. The infiltration part is influenced by 
molecular size and molecular "affinity" with cell wall polymers for specific adhesive 
components. In this study, we report measuring both migration of low molecular weight 
components of soy adhesives into wood structure, and the effects of that on the 
mechanical properties of the adhesive and infiltrated cells walls. Mechanical properties 
include hardness and elastic modulus assessed with nanonindentation. 

COLL 399 

Formation of nanoparticles in self-regulated reaction systems 

Xi Yin, xiyin@illinois.edu, Jianbo Wu, Panpan Li, Hong Yang.Chemical and 
Biomolecular Engineering, University of Illinois, Urbana, IL 61801, United States 



Non-aqueous synthesis represents a major breakthrough for the preparation of 
nanocrystals in liquid phase. Unlike the synthesis carried out in aqueous solution, 
organic capping ligands are often used in controlling the particle size and shape, though 
the detailed functions of such ligands are far from clearly understood. In this talk, I will 
present our recent work on the new discovery of a new function of such ligand systems 
and their use in the synthesis of metal nanoparticles with different morphologies in 
acarbon monoxide-based GRAIL method (Wu, J.; Qi, L.; You, H.; Gross, A.; Li, J.; 
Yang, H. J. Am. Chem. Soc.2012 , 134, 11880; Wu, J. B.; Gross, A.; Yang, H. Nano 
Lett.2011 , 11, 798). The formation of Au nanoparticles and nanowires, Ag 
nanoparticles, and Pd concaved tetrahedral was observed using ligand pair of 
carboxylic acids and amines. The Pd concaved tetrahedral nanoparticles were further 
employed as seeds in the synthesis of Pd@PtNi core-shell nanostructures that are 
active towards catalyzing the oxygen reduction reaction electrochemically.The 
nanoparticles/nanowires were characterized with transmission electron microscopy 
(TEM) and ultraviolet-visible (UV-vis) spectroscopy. We found that the reaction kinetics 
for the formation of nanocrystals could be highly regulated in these reaction media. I will 
offer our understandings on the key thermodynamic factors controlling the size and 
shape of nanocrystals. 

COLL 400 

Enzyme immobilization to surfaces through defined chemical linkage: Molecular 
orientation and enzymatic activity studies 

Yuwei Liu, yuweiliu@umich.edu, Tadeusz Ogorzalek, Pei Yang, Chi Zhang, Neil 
Marsh, Zhan Chen.Department of Chemistry, University of Michigan, Ann Arbor, 
Michigan 48109, United States 

The immobilization of enzymes on solid supports has found many applications ranging 
from biosensors used in the medical field and energy industry to other biocatalyst 
carriers due to better stability, reusability, and localization of the enzymes. Chemical 
linkage between enzymes and solid supports is the most popular approach to achieve 
enzyme immobilization. However, the properties of the resulting enzymatic surfaces are 
not well understood due to the lack of appropriate tools. In this study, sum frequency 
generation vibrational spectroscopy (SFG) in combination with attenuated total 
reflectance FTIR (ATR-FTIR), has been applied to investigate the orientation and 
conformation of these surface immobilized enzymes at a molecular level. A model 
enzyme, 6-phospho-β-galactosidase, was attached to a defined self-assembled 
monolayer surface through a single cysteine residue at either close to (“wrong”) or 
opposite to (“right”) its active site. The orientation and activity of tethered enzymes were 
determined in both cases in situ. Results have shown that the activity of these 
immobilized enzymes is highly correlated to their surface conformation and orientation. 
It has been found that the immobilization via “right” orientation does not compromise the 
enzymatic activity compared to enzymes in solution while via “wrong” orientation, it 
loses activity completely. Moreover, a control experiment showed that physically 
adsorbed enzymes via hydrophobic-hydrophobic interaction may denature the enzyme 



structure. This work provides a systematic means to characterize interfacial orientation 
of immobilized enzymes, leading to fundamental knowledge regarding which properties 
of an enzyme may be altered by tethering without compromising its function. 

COLL 401 

High fidelity surface attachment chemistries and surface enzymatic reactions of 
nucleic acid monolayers on microarrays, nanoparticles, and nanorings for 
multiplexed ultrasensitive biosensing with near infrared SPR imaging and FT-NIR 
LSPR spectroscopy 

Robert M. Corn, rcorn@uci.edu, Jennifer B. Wood, Aaron R. Halpern, Mike Cho, Mana 
Toma, Gabriel Loget.Department of Chemistry, University of California-Irvine, Irvine, CA 
92697, United States 

The multiplexed detection of nucleic acids and proteins via bioaffinity adsorption onto 
biopolymer microarrays has become a mainstay tool for biological researchers 
throughout the world. Ultrasensitive biosensing methods for detecting DNA, RNA and 
proteins at extremely low (e.g., femtomolar) concentrations will facilitate the 
identification of better biomarkers for early disease detection and strategies for post-
treatment patient monitoring. These ultrasensitive multiplexed biosensing methods 
require surface attachment chemistries on both planar and nanostructured surfaces that 
are reliable, reproducible and of very high fidelity. Additionally, surface enzyme 
chemistries can be used to great increase the sensitivity and selectivity of these surface 
bioaffinity sensing methods. We demonstrate in this talk the use of two surface 
attachment chemistries for the fabrication of single-stranded DNA monolayers on 
microarrays, nanoparticles and nanorings: (i) electrostatically adsorbed poly-L-glutamic 
acid monolayers and (ii) chemically or electrochemically deposited polydopamine 
multilayers. These chemistries are used to fabricate DNA and RNA microarrays for near 
infrared nanoparticle-enhanced SPR imaging and FT-NIR LSPR biosensors. We will 
also describe the use of DNA microarrays in a dual microarray element generator-
detector format in conjunction with surface polymerase reactions, DNAzymes and 
biofunctionalized nanoparticles for (i) the enzymatically amplified detection of DNA and 
microRNA at femtomolar concentrations, (ii) the on-chip biosynthesis of RNA aptamer 
microarrays for protein biosensing and (iii) the on-chip biosynthesis of protein 
microarrays for the study of protein-protein interactions. 

COLL 402 

Protein immobilization: Competing reactions in the formation of amide linkages 
via succinimidyl ester chemistry 

China Y. Lim, Yixin Ying, Nicholas A. Owens, Ronald D. Wampler, Jennifer H. Granger, 
Marc D. Porter, marc.porter@utah.edu.Nano Institute of Utah, University of Utah, Salt 
Lake City, UT 84112, United States 



Monolayers formed with N-hydroxysuccinimide (NHS) ester terminal groups are 
extensively 
used as coupling agents to link amine-containing biomolecules (e.g., proteins, peptides, 
and other molecular recognition elements) to surfaces for the fabrication of a 
wide range of platforms in heterogeneous diagnostics. While this widely used method 
for immobilization simplifies biomolecule tethering to surfaces via amide 
linkages, the hydrolysis of the terminal NHS group competes with amidization. This 
presentation details an investigation of this competition using succinimidyl 
ester-terminated monolayers on gold formed from disulfides (dithiobis 
succinimidyl propionate, hexanoate, octanoate, and undecanoate) of various 
chain lengths. Hydrolysis reactions were performed in borate buffer (pH 8.5) 
and other alkaline media; aminolysis reactions used ethylamine as a model at 
various concentrations and pH (8.5 to 10.5). The structure and reactivity of 
these adlayers were analyzed using infrared reflection spectroscopy (IRS), X-ray 
photoelectron spectroscopy (XPS), electrochemical reductive desorption, and 
contact angle measurements. Results show that the hydrolysis dominates the 
interfacial reaction chemistry, with aminolysis only becoming competitive at high 
amine concentrations (>5.0 mM) and high pH. The implications of these findings 
are discussed in terms of applying this form of coupling chemistry to protein 
immobilization. 

COLL 403 

Covalently bound aryl films for biomolecule immobilization to surfaces and 
nanoparticles 

Mark T. McDermott1,2, mark.mcdermott@ualberta.ca, Lars Laurentius1,2, Shereen 
Elbayomy1,2, John Toman1,2.  (1) Department of Chemistry, University of Alberta, 
Edmonton, Alberta T6G2G2, Canada  (2) National Institute for Nanotechnology, 
University of Alberta, Edmonton, Alberta T6G2G2, Canada 

A core component of many types of bioassays is the interfacial chemistry of a nobel 
metal substrate. Self-assembled monolayers of sulfur containing compounds are 
typically used as the interfacial chemistry layer. While these monolayers have excellent 
properties for controlling interfacial chemistry, their limitations include a labile gold-sulfur 
interaction and a maximum coverage of only a monolayer of functional groups. In an 
effort to expand the surface chemistry available to modify gold, we have been 
investigating the electrochemical reduction of diazonium salts as a means to create 
layers of functionalized aryl groups. The resulting aryl films are anchored to the gold 
surface via a covalent bond. Another important characteristic is the ability to control the 
thickness of the films from mono-to multilayers by tuning the electrochemical deposition 
conditions. In this work a benzoic acid diazonium salt and phenyl acetic acid diazonium 
salt were electrochemically grafted to a gold surface using cyclic voltammetry. The 
ability to control surface coverage and multilayer growth was characterized using 
infrared reflection absorption spectroscopy (IRRAS) and atomic force microscopy 
(AFM). The application of these surfaces as an immunoassay support was achieved 



through covalent immobilization of antibodies to the activated benzoic acid surfaces. 
Once the antibodies were attached, antigen binding was monitored using SPR imaging. 
The impact of surface coverage and expansion to a multilayered surface on 
immunoassay performance was examined. We will demonstrate the ability of these 
layers to control detection limits and binding capacity for based assays. We have also 
extended this chemistry to the modification of gold nanoparticles. We will present our 
characterization of these modified nanoparticles and discuss their applications as labels 
for surface enhanced Raman spectroscopy. 

COLL 404 

Tuning the chemistry of the biorecognition interface to study and control cell fate 

Kristopher A Kilian, kakilian@illinois.edu.Department of Materials Science and 
Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United 
States 

Cells in vivo are surrounded by a complex microenvironment that provides mechanical, 
topographical and chemical signals to guide cell fate and tissue function. Materials that 
are designed to recapitulate this architecture and composition are useful tools for the 
development of new substrates and assays for cell biology studies. Here I will present 
our work derivatizing the surface of both “hard” and “soft” materials with biomolecules to 
study the interactions of stem cells with engineered microenvironments. I will first 
demonstrate how soft lithography can be used to pattern peptides and proteins to 
functionalized self-assembled monolayers on gold for exploring signaling in adherent 
mesenchymal stem cells. I will then demonstrate how this platform can serve to identify 
optimal geometries and surface chemistries for translation to hydrogel materials that 
more closely emulate the mechanics of native tissue. Irrespective of the material, a well-
defined surface chemistry at the cell-biomaterial interface is critical to studying and 
ultimately controlling cell fate decisions ex vivo. 

COLL 405 

Micropatterned proteins and peptides to study stem cell fate decisions 

Douglas Zhang, dzhang12@illinois.edu, Kristopher A Kilian.Department of Materials 
Science and Engineering, University of Illinois, Urbana, Illinois 61801, United States 

Human mesenchymal stem cells (hMSCs) are a therapeutically important cell type due 
to their broad differentiation potential, and favorable immunoregulatory properties. While 
ex vivoculture has become widespread practice, hMSCs have been shown to 
spontaneously differentiate when cultured on hard substrates as well as lose 
multipotency after prolonged passaging. Cell shape and integrin mediated adhesion to 
extracellular matrix (ECM) molecules have been shown to be key in regulating these 
processes. 



Microcontact printing of alkanethiolates on gold provides a model platform for confining 
cells to various geometries (Figure 1). 

 
 
 
Background ethylene glycol chains resist non-specific protein adsorption, while various 
proteins can be adsorbed to patterned alkane regions. Here we demonstrate that by 
confining MSCs to small circular islands, we promote quiescence and enhance the 
expression of mesenchymal stem cell markers. Furthermore, we can examine specific 
ECM-integrin interactions by patterning surfaces to present bioactive peptides. By doing 
so, we can study the combinatorial effects of cell shape, and ligand composition and 
presentation during stem cell culture. These tools enable a systematic study of how cell 
shape and ligand presentation influence fate decisions. 

COLL 406 

Nanometer-scale immobilization of molecular motor proteins 

Jenifer K Settle1, Christina M Edwards1, Mark L Richter2, Cindy L Berrie1, 
cberrie@ku.edu.  (1) Department of Chemistry, University of Kansas, Lawrence, Kansas 
66047, United States  (2) Department of Biochemistry, University of Kansas, Lawrence, 
Kansas 66045, United States 

The immobilization of molecular motor proteins at surfaces is a critical problem for 
practical application of these motors in nanobiodevices. However, the conformation and 
activity of the proteins adsorbed to surfaces often render them less active than the 
native protein. We have shown the ability to couple F1 ATP Synthase to surfaces with 
nanometer scale precision using AFM based patterning techniques. The nanografting 
approach used in this work allows for the high spatial resolution of the patterns. The 
steps in the pattern generation and protein binding as followed through a combination of 
AFM, SPR, ellipsometry, and fluorescence imaging. Our recent work showing the 
specific coupling of the protein to the surface as well as investigations of the kinetics of 
binding will be discussed. The coupling strategy employed in this work employs a 



histidine tag on the protein, and therefore should be readily extend the other protein 
systems as well. 

COLL 407 

Modification of protein nanopores with gold nanoparticles for single molecule 
temperature control 

Joseph W. F. Robertson1, joseph.robertson@nist.gov, Joseph E. Reiner2, Arvind K. 
Balijepalli1,3, Daniel L. Burden4, Lisa K. Burden5, John J. Kasianowicz1.  (1) 
Semiconductor and Dimensional Metrology Division; Physical Measurement Laboratory, 
National Institute of Standards and Technology, Gaithersburg, Maryland 20899, United 
States  (2) Department of Physics, Virginia Commonwealth University, Richmond, VA 
23284, United States  (3) Laboratory of Computational Biology; National Heart Lung and 
Blood Institute, National Institutes of Health, Rockville, MD 20892, United States  (4) 
Department of Chemistry, Wheaton College, Wheaton, Il 60187, United States  (5) 
Department of Biology, Wheaton College, Wheaton, Il 60187, United States 

Temperature-jump spectroscopy is a mainstay of modern biophysical and bioanalytical 
research. By rapidly driving a system out of equilibrium with step changes in 
temperature, chemical reactions and dynamics are probed with a variety of techniques. 
For example, diffraction limited Q-switched lasers are used to heat femtoliter volumes 
with short pulses of intense laser radiation. These pulsed laser systems can heat 
solutions on the picosecond scale, but relaxation rates can be on the order of 
microseconds to milliseconds, and the method is further limited by the random nature of 
the switch. Here, we take advantage of the highly localized surface plasmon heating of 
gold nanoparticles, to rapidly alter the temperature of solution directly adjacent to the 
particle. By tethering a nanoparticle to a single protein nanopore, the temperature can 
be altered at will within the yoctoliter volume of the pore, which acts as a probe for 
changes to both the temperature and physical properties of individual molecules. This 
measurement capability enables the study of single molecule kinetics and 
thermodynamics. 

COLL 408 

Exclusive formation of monovalent quantum dot imaging probes by steric 
exclusion 

Justin Farlow1, Daeha Seo2, Kyle Broaders1, Marcus Taylor3, Ron Vale3, Young-Wook 
Jun2, Zev J Gartner1, zev.gartner@ucsf.edu.  (1) Department of Pharmaceutical 
Chemistry, University of California, San Francisco, San Francisco, CA 94158, United 
States  (2) Department of Otolaryngology, University of California, San Francisco, San 
francisco, CA 94115, United States  (3) Department of Cellular and Molecular 
Pharmacology, University of California, San Francisco, San Francisco, CA 94158, 
United States 



Semiconductor nanocrystals, including quantum dots (QDs), have remarkable 
photophysical properties that facilitate biological imaging, particularly when single 
molecule sensitivity and resolution are required. As a consequence of their large 
surface area, commercially available QDs conjugated to targeting domains such as 
antibodies or streptavidin are typically multivalent and can crosslink or perturb their 
biological targets. Here, we apply the principle of “Steric Exclusion” to achieve the 
synthesis of non-perturbing monovalent nanoparticle probes under homogeneous 
conditions, in near quantitative yield, and at preparative scales. Conjugation occurs 
through a flexible oligonucleotide comprising a targeting domain and a nanoparticle- 
binding domain designed to wrap the nanoparticle and thereby limit the extent of the 
reaction to a species of fixed valency. We use these QDs to track individual Notch 
proteins on live cells for the first time, demonstrating their utility as modular and non-
perturbing single-molecule probes in the most demanding imaging applications. 

COLL 409 

Influence of protein-protein interactions on the structure and bioactivity of 
adsorbed protein 

Robert A. Latour, latourr@clemson.edu, Aby A. Thyparambil, Yang Wei.Department of 
Bioengineering, Clemson University, Clemson, SC 29634, United States 

While protein adsorption has been widely studied, relatively little is yet understood 
regarding how protein-protein interaction (PPI) effects combine with protein-surface 
interactions and the internal stability of a protein to influence its adsorbed-state structure 
and bioactivity. In order to study these interactions, we have developed a method to 
widely vary PPI effects in adsorbed protein layers and to then quantitatively characterize 
their influence on adsorbed protein structure and bioactivity. By this method, protein is 
first adsorbed to surfaces under a wide range of protein solution concentrations for 2 h 
to saturate the surfaces with varying degrees of areal density, which is used as an 
indicator of the degree of PPI effects. The adsorbed protein layers are then immersed in 
pure buffer solution for 15 h to enable the protein layers to re-equilibrate and undergo 
shifts in their areal densities on the surface. Periodic measurements are then made of 
the areal density, structure and orientation (by circular dichroism spectropolarimetry and 
amino-acid-labeling/mass spectrometry), and bioactivity of the adsorbed protein, and 
correlations are drawn between these parameters. We have recently applied this 
method to study the influence of PPI effects using hen egg-white lysozyme (HEWL) 
adsorbed on three distinctly different surface chemistries (silica glass, poly(methyl 
methacrylate), and polyethylene) as our model systems. The results from these studies 
indicate that protein-protein interactions influence the structure and bioactivity of this 
protein very differently on each type of surface and provide new molecular-level insights 
into the behavior of proteins under varying surface and solution conditions. 

COLL 410 



Sustaining a healthy respiration by preventing the adsorption of blood protein: 
Effect of novel ion pair surfactant 

Gokce Dilli, gdilli@gmail.com, Nihal Aydogan.Department of Chemical Engineering, 
Hacettepe University, Ankara, Ankara 06800, Turkey 

Preventing the adsorption of serum proteins to the alveoli air/aqueous interface 
becomes an important issue since blood serum proteins inactivate the lung surfactant 
mixture by adsorbing in a faster and irreversible way. As a result of this phenomenon, 
respiration may not be performed regularly and fatal diseases such as Acute 
Respiratory Distress Syndrome (ARDS) occur. ARDS is a mortal disease, which cannot 
be treated effectively. Although some treatments are applied, usages of synthetic 
surfactants, which can resist to surfactant inactivation, are still expected to be improved. 
Considering that respiration is a very rapid and continuous process, dynamic behaviors 
and interfacial properties of alternative medicines under development and their 
interactions with blood proteins are extremely important. In this study, dynamic 
adsorption behaviors, interfacial properties and interactions of the newly designed 
CF3(CF2)7SO3

-(CH2CH3)3N
+(CH2OCH2)10(CH2)15CH3), (IPL) with lung surfactant and 

fibrinogen, the most problematic serum protein, are investigated with various 
experimental setups. IPL is designed to be simple yet effective by considering the 
function-structure relationship of the molecule. Owing to its functional segments IPL is a 
unique molecule that possesses important properties such as mimicking the lung 
surfactant protein B. It is able to mix and interact synergistically with DPPC -the most 
abundant lipid in the lung surfactant mixture- and enhance its dynamic adsorption and 
interfacial properties. Parallel to dynamic adsorption results obtained from pendant drop 
measurements, Langmuir trough experiments have shown that by the inclusion of IPL at 
the interface, adsorption of fibrinogen is significantly prevented. Moreover, lipid loss 
from the interface due to fibrinogen adsorption is substantially decreased and the 
negative effect of fibrinogen on the hysteresis behavior of natural lung surfactant is 
improved when IPL is presented at the interface. All results indicate that IPL provides 
promising results in terms of preventing the fibrinogen adsorption and resisting to 
surfactant inactivation. 

COLL 411 

Design of a novel BSA-Hyaluronic acid nanodispersion for transdermal 
applications 

Madalena Martins1, madmartinssa@gmail.com, Nuno G. Azoia1, Artur Ribeiro1, Ulyana 
Shimanovich2, Teresa Matamá1, Andreia C. Gomes3, Carla Silva1, Artur Cavaco-
Paulo1.  (1) IBB-Institute for Biotechnology and Bioengineering, Centre of Biological 
Engineering, University of Minho, Braga, Braga 4710-057, Portugal  (2) Department of 
Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United 
Kingdom  (3) Molecular and Environmental Biology Centre (CBMA), Department of 
Biology, University of Minho, Braga, Braga 4710-057, Portugal 



Transdermal perfusion constitutes an important goal for pharmaceutical and cosmetic 
industries aiming to cross the intact skin and reach the lipid bilayers. 

The purpose of this study is based on the development of a new transdermal transport 
system of hyaluronic acid (HA) filler based on a solid-in-oil (S/O) nanodispersion 
technique. This oil based nanodispersion of 129,7 nm containing a protein, bovine 
serum albumin (BSA) (66 kDa) associated with HA (800 to 15 kDa) successfully 
permeate the skin.  

In vitro skin penetration, molecular dynamics simulations, fluorescence and confocal 
observation from histological examination of skin were carried out to confirm 
nanodispersion perfusion. Moreover, no toxicity was found in fibroblast cells. This work 
demonstrate the feasibility of using S/O nanodispersions of BSA/HA as a model system 
for the improvement of skin biomechanical properties and maintenance of an optimal 
hydration level and firmness. 

COLL 412 

Characterizing the interactions between planar supported lipid bilayers and 
selective estrogen receptor modulators (SERMs) using second harmonic 
generation spectroscopy 

Grace Y Stokes, gystokes@chem.utah.edu, John C Conboy.Department of Chemistry, 
University of Utah, Salt Lake City, UT 84112, United States 

Tamoxifen and raloxifene are the most widely prescribed selective estrogen receptor 
modulator (SERM) drugs used to treat breast cancer and prevent osteoporosis. 
Interactions between SERMs and mammalian cell membranes may control drug 
bioavailability and contribute to the drugs' anticancer actions, but are not well 
understood. To describe drug-membrane interactions with molecular detail, we 
investigated interfacial binding properties of raloxifene, tamoxifen and three tamoxifen 
metabolites (4-hydroxytamoxifen, N-desmethyltamoxifen and endoxifen) to planar 
supported lipid bilayers. The effects of lipid phase and order, cholesterol content, and 
drug charge on binding are quantified. Comparisons of SERM binding in the presence 
and absence of a peripheral estrogen receptor, ERα, incorporated in the lipid bilayer are 
also made. 

COLL 413 

Peptide-mediated intracellular delivery of luminescent quantum dots: Bypassing 
the endocytotic pathways 

Malak Safi1, safimalak@gmail.com, Naiqian Zhan1, Tatiana Domitrovic2, Fadi Aldeek1, 
John E. Johnson2, Hedi Mattoussi1.  (1) Chemistry and biochemistry, Florida State 
University, Tallahassee, Florida 32306, United States  (2) Department of Integrative 



Structural and Computational Biology, The Scripps Research institute, La Jolla, 
California 92037, United States 

Due to their unique photophysical properties and excellent stability, Quantum dots 
(QDs) have often been branded as greatly promising fluorescent platforms that could 
advance our understanding of several biological problems. One of the major hurdles 
that slowed their integration into biology has been the inability to easily deliver them into 
the cytosol of live cells. Several methods have been investigated for intracellular 
delivery with mixed results. We report a novel model of a passive QD delivery using a 7 
KDa peptide capable of bypassing the endocytotic pathways. The peptide is expressed 
with a polyhistidine-tag to allow self-assembly onto the QDs. We measured substantial 
uptake at rather low concentrations (10-50 nM) by several mammalian cells. 
Furthermore, upon internalization the QDs are primarily distributed outside the 
endosomal compartments, suggesting an entry mechanism based on the likely 
perforation of the outer membrane. The conjugate design and mechanism of 
internalization will be discussed 

COLL 414 

In situ polyethylenimine-lipid bilayer interaction study using sum frequency 
generation spectroscopy 

Chi Zhang, zhangchi@umich.edu, Fugen Wu, Zhan Chen.University of Michigan, Ann 
Arbor, Michigan 48109, United States 

Polyethylenimine (PEI) has been widely used as transfection agent for gene delivery. It 
has been shown that PEI can greatly improve gene delivery efficiency. However, it has 
also been shown that PEI is cytotoxic and can lead to cell apoptosis. The mechanisms 
of PEI induced cytotoxicity are essential pieces of information that have yet to be 
discovered. We studied the interactions between PEI and supported lipid bilayers 
serving as model cell membranes at different lipid compositions, PEI concentrations, 
and temperatures using a surface sensitive nonlinear optical spectroscopic technique, 
sum frequency generation (SFG) vibrational spectroscopy. Branched and linear PEIs 
were compared in this SFG study. Results have shown that PEI has strong interactions 
with negatively charged 1,2-dipalmitoyl-sn-glycero-3-[phospho-rac-(3-lysyl(1-glycerol))] 
(DPPG), while there was weak interaction with zwitterionic 1,2-dipalmitoyl-sn-glycero-3-
phosphocholine (DPPC) or 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) 
bilayers. It was also shown that for the DPPG bilayer, PEIs showed no significant effect 
for the bilayer lipid translocation at 22 Cº , but significant effects were observed at 39 
Cº. For DSPC bilayer, PEI showed no effect for lipid translocation at both temperatures. 
Concentration-dependent studies indicated that PEI was able to interact with negative 
charged lipid bilayer at very low concentrations (<10ppm). It was found that the 
branched PEI molecules had stronger interactions with DPPG bilayers due to the larger 
charge density. 

COLL 415 



Single-molecule observations of protein-protein associations at the solid-liquid 
interface 

Blake Langdon1, blake.langdon@colorado.edu, Robert Walder2, Mark Kastantin1, 
Daniel Schwartz1.  (1) Department of Chemical Engineering, University of Colorado 
Boulder, Boulder, CO 80303, United States  (2) JILA, National Institute of Standards 
and Technology and University of Colorado at Boulder, Boulder, CO 80309, United 
States 

Protein adsorption at the solid-aqueous interface is a widely studied and very complex 
phenomenon. Single-molecule techniques uniquely allow us to separate protein surface 
dynamics (e.g. protein adsorption from desorption vs. net adsorption) and identify and 
characterize multiple protein populations and dynamic modes (e.g. oligomeric states, 
multiple diffusive modes vs. average protein behavior). Recent work using single-
molecule total internal reflection fluorescence microscopy (TIRFM) at low protein 
concentrations, such that protein-protein interactions are insignificant, has shown 
protein desorption and diffusion to be indeed highly heterogeneous. For example, 
multiple residence time populations were found to correspond to protein oligomeric state 
where 99.9% of individual protein monomers reside on the surface for <1s while larger 
oligomers (trimers and tetramers) reside for up to hundreds of seconds. These findings 
suggest instead that protein-protein interactions, not just protein-surface interactions, 
must greatly influence protein layer formations and protein surface dynamics observed 
at high concentrations. By combining TIRFM and intermolecular fluorescence 
resonance energy transfer (FRET), the dynamics of protein-protein associations can be 
directly observed and quantified at the solid-liquid interface. Using this technique, 
dynamic protein-protein association times are found to be heterogeneous and fast with 
the majority (80-90%) of protein-protein associations lasting for <1s. With FRET, protein 
molecules can be identified as unassociated, partially associated, or fully associated. 
For increasing bulk protein solution concentration the fraction of fully associated 
molecules, the number of associations and length of association times, and overall 
molecule residence times increase. All of these finding suggest that indeed protein-
protein associations are critical in explaining surface aggregation and protein layer 
formation. 

COLL 416 

Stabilization of corn oil and limonene-oil aqueous emulsion interfaces by β-
lactoglobulin particulates 

Owen Griffith Jones, joneso@purdue.edu, Laura Zimmerer.Food Science, Purdue 
University, West Lafayette, Indiana 47907, United States 

Interfacial stabilization and emulsion characteristics of oil-water droplet interfaces were 
studied using particulate protein agglomerates as Pickering-type stabilizers. Particulate 

structures of ∼100-200 nm were formed from β-lactoglobulin through controlled thermal 
assembly using previously established methods. Particle charge was modified by both 



oppositely-charged polysaccharide and addition of sodium chloride in order to 
determine effects on adsorption and droplet stabilization. Interfacial tension and 
continuous phase compositions were utilized to indicate adsorption of the particulates to 
the interface. Distinct patterns of adsorption were recognized for non-agglomerated 
protein and particles when both were present in the aqueous phase. Light scattering, 
microscopy, and physical stability of the emulsions demonstrated the capacity of these 
particulate protein structures to serve as stabilizers of industrially-relevant emulsions. 
Particle-stabilized emulsions were less stable to flocculation and gravitational 
separation that showed dependence on particle charge and viscosifying polysaccharide. 
Theoretical and practical aspects of oil-in-water emulsion stabilization by protein-based 
particulates will be discussed. 

COLL 417 

New generation of nanoparticles for systemic and specific siRNA delivery 

Eunjung Lee, 023020@kist.re.kr, Sehoon Kim.Biomedical Research Institute, Korea 
Institute of Science and Technology, Seoul, Republic of Korea 

Since RNA interference process has been known, small interfering RNAs (siRNAs) 
emerged as a promising therapeutic tool. An important requisite for siRNA-based 
strategies is the development of safe and efficient nonviral carriers. We developed 
ternary system to deliver siRNA into cells which can make specific gene silencing effect. 
Our system is composed of cationic surfactant, siRNA and neutral surfactant. The 
ternary complexes form small nanoparticles with unconventional way. The nanoparticles 
efficiently delivered siRNA into cells and showed specific silencing of target gene. In 
addition, the complexes sensitize cancer cells which demonstrate the great potency to 
chemotherapy. 

COLL 418 

Controlled morphology of NiO nanoplate - carbon nanotube thin film composites 
for supercapacitor energy storage 

Dylan Brokaw, Jeffrey Alston, Jordan C Poler, jcpoler@uncc.edu.Department of 
Chemistry, University of North Carolina at Charlotte, Charlotte, NC 28223, United States 

We have synthesized and characterized hybrid nanomaterials capable of enhancing the 
specific capacitance of thin film supercapacitors. Integration of supercapacitors into the 
renewable energy grid is critical for efficient use of periodic and transient sources such 
as solar, wind, and tide. We use combinations of single walled and multiwalled carbon 
nanotubes as the matrix. The nanotubes are functionalized by novel ruthenium 
coordination complexes at very low atomic percent. At only a 0.3% Ru complex 
functionalization the specific capacitance of our thin films increased by 250%. We will 
also present our results from our nantoube – NiO nanoplate composite films. All of the 
materials are characterized spectroscopically, electrochemically, and structurally by 



SEM, TEM, and DLS. Computation studies on these hybrid nanomaterials will also be 
presented. 

COLL 419 

First principles modeling of complex perovskites for energy applications 

Maija Kukla1, mkukla@umd.edu, Eugene A. Kotomin2, David Fuks4, Yu A Mastrikov3, 
Onise Sharia1, Rotraut Merkle2, Joachim Maier2.  (1) Materials Science and Engineering 
Department, University of Maryland, College Park, MD 20742, United States  (2) Solid 
State Research, Max Planck Institute for Solid State Research, Heisenbergstr 1, 
Stuttgart, Germany  (3) University of Latvia, Institute for Solid State Physics, Kengaraga 
str. 8, Riga LV-1063, Latvia  (4) Ben Gurion University of the Negev, Dept Materials 
Engineering, Beer Sheva,, Israel 

Among advanced materials for clean energy, non-stoichiometric BaxSr1−xCo1−yFeyO3−δ 

(BSCF) and LaxSr1−xCo1−yFeyO3−δ (LSCF) are considered as promising materials for 
cathodes in solid oxide fuel cells (SOFC) and oxygen permeation membranes [1,2]. 

 

 
 

To understand the mechanism(s) of this unwanted process, the first principles quantum 
mechanical calculations of BSCF and LSCF crystals with different non-stoichiometry 
were performed and possible decomposition scenarios were studied. It is shown [3] that 
formation energies of oxygen vacancies in the cubic and hexagonal phases of BSCF 
differ considerably and also behave in quite different ways depending on non-
stoichiometry; in fact, it is the oxygen non-stoichiometry that makes the cubic phase 
more stable than the hexagonal phase. 
In comparison, LSCF is shown to be much more stable with respect to both the phase 
transformation and phase decomposition. 

This work is supported by the GIF research project # 1-1025-5-10/2009 and NSF. 



[1] L. Wang et al, J. Mater. Res. 27, 2000 (2012); M.M. Kuklja et al, Phys. Chem. Chem. 
Phys., 2013, 15, 5443-5471. 

[2] Yu.A. Mastrikov et al, Phys. Chem. Chem. Phys., 2013, 15 , 911--918 

[3] M.M. Kuklja et al, J Phys Chem C 116, 18605 (2012), Kotomin et al, Energy 
Conversion—Solid Oxide Fuel Cells: First-Principles Modeling of Elementary Processes 
in Computational Approaches to Energy Materials, Editors: C. Richard A. Catlow, 
Alexey A. Sokol and Aron Walsh, 2013 by John Wiley & Sons, Ltd., pp. 149-186. 

COLL 420 

Nanostructured and rare-earth free inorganic-organic hybrid white-light 
phosphors for WLED applications 

Xiao Zhang, Mojgan Roushan, Sujing Wang, George Wei, Jing Li, 
jingli@rutgers.edu.Department of Chemistry and Chemiical Biology, Rutgers University, 
Piscataway, NJ 08854, United States 

Hybrid nanostructured 
materials are a new class of crystalline solids built on inorganic nanomodules 
and organic molecules that are assembled into perfectly ordered one-, two-, and 
three-dimensional structures via coordinate bonds. These materials combine and 
integrate the framework rigidity, thermal stability, and superior physical 
properties of inorganic compounds with the structural diversity, flexibility, 
high processability, and light-weight of organic molecules in a single crystal 
lattice. Such a blending not only leads to enhanced functionality and improved 
properties but also gives rise to unique features and new phenomena that are 
not possible with either individual component alone. This presentation will 
focus on our recent development on the design, synthesis, structure 
characterization and modification of rare-earth free white-light phosphors 
composed of nanostructured I-VII and II-VI binary inorganic compounds and 
organic amines, and on a systematic study to enhance and optimize their white 
light emission efficiency and quality. 

COLL 421 

Using time-resolved THz spectroscopy to study carrier dynamics and solar 
energy conversion in TiO2 nanotubes and other nanostructured materials 

Rebecca L. Milot1, Gary F. Moore2, Chrisitaan Richter3, Lauren A. Martini1, Chrisitan A. 
F. Negre1, Victor S. Batista1, Robert H. Crabtree1, Gary W. Brudvig1, Charles A. 
Schmuttenmaer1, charles.schmuttenmaer@yale.edu.  (1) Department of Chemistry, 
Yale University, New Haven, CT 06520-8107, United States  (2) JCAP (Joint Center for 
Artificial Photosynthesis), LBNL, Physical Bioscience Division, Berkely, CA 94720, 



United States  (3) Department of Chemical Engineering, Rochester Institute of 
Technology, Rochester, NY 14623, United States 

I will discuss the charge injection time scale and efficiency for a selection of high-
potential porphyrin dyes bound to TiO2 and SnO2 nanoparticles using THz 
spectroscopy. I will compare directly-bound and axially-bound geometries. THz 
spectroscopic studies demonstrate the sensitizers used are capable of injecting 
electrons into the conduction band of the metal-oxide materials in those cases where 
the energies of the donor (excited state dye) and acceptor (metal oxide conduction band 
minimum) components are appropriate. 

In addition, we have characterized the time-dependent conductivity after photoexcitation 
of dye-sensitized TiO2 nanotubes. It had been hoped that nanotubes would overcome 
low electron mobilities found in TiO2 nanoparticle films because the nanotubes can be 
many tens of microns long. However, recent macroscopic measurements found electron 
transport through nanotube and nanoparticle films to be comparable. Here we show that 
low electron mobility in polycrystalline TiO2 nanotubes is due not only to scattering from 
grain boundaries but also due to traps that manifest themselves in a single sharp 
resonance in the THz spectrum. The TiO2 nanotube spectra are fundamentally and 
qualitatively different than that for nanoparticles or the bulk material. 

COLL 422 

Metal-organic frameworks for methane storage 

Yang Y. Liu, yangyang.liu@chem.tamu.edu, Hongcai Zhou.Department of Chemistry, 
Texas A&M University, College Station, TX 77843, United States 

Metal-organic frameworks (MOFs) show promise as storage media for methane.1 The 
“ligand truncation strategy” yielded a series of MOFs with new topology, which showed 
remarkably high methane storage capacity at room temperature and high pressure. 
Different functional groups were also introduced into these MOFs to investigate the 
effect. 

With GCMC simulation, the methane adsorption sites were analyzed inside the 
framework. The most likely and strongest adsorption site is observed in the center of a 
ring formed from three copper clusters. The space between the rings creates a well 
including linker atoms. The open metal sites only have a small contribution to the total 
storage capacity in comparison with other sites. The water stability of the storage 
materials is another concern of developing methane fueled automobiles. Thus, a series 
of water and moisture stable zirconium MOFs were designed and synthesized. Since 
the GCMC simulations done by Snurr group 2 showed that MOF NOTT-107 constructed 
from ligands with methyl groups has high methane storage capacity. Solvothermal 
reaction between ZrCl4 and ligand TCPB produced PCN-320 which is stable even after 
boiling in water for over 24 hours (see figure). 



 

 
 

1. T. A. Makal, J.-R. Li, W. Lu and H.-C. Zhou, Chem. Soc. Rev., 2012, 41 , 7761-
7779 

2. C. E. Wilmer, M. Leaf, C. Y. Lee, O. K. Farha, B. G. Hauser, J. T. Hupp and R. 
Q. Snurr, Nat. Chem., 2012, 4 , 83-89 
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Electrospun nanofiber membranes and electrodes for energy applications 

Jason Ballengee, Andrew Park, Matthew Brodt, Ryszard Wycisk, Ethan Self, Peter 
Pintauro, peter.pintauro@vanderbilt.edu.Department of Chemical and Biomolecular 
Engineering, Vanderbilt University, Nashville, TN 37235, United States 

Electrospinning is gaining popularity as a convenient and cost-effective technique for 
the fabrication of sub-micron diameter polymer fibers. Recently, nanofiber 
electrospinning has been used to fabricate high performance hydrogen/air fuel cell 
membranes and electrodes and for preparing anion-exchange membranes for alkaline 
fuel cells. A dual fiber method has been used successfully to prepare nanofiber 
composite proton-exchange and hydroxide-ion-exchange membranes with high 
conductivity and good mechanical properties. Similarly, electrospun polymer/particle 
nanofiber fuel cell electrodes have performed exceedingly well in lab-scale fuel cell 
tests. Electrospinning also can be used to make components for lithium ion batteries. 
This presentation will review and discuss: (1) experimental methods for fabricating and 
characterizing electrospun fuel cell and battery materials and (2) the performance and 
durability of these materials. 

COLL 424 

Cu-Zn-S nanoparticles for sustainable thermoelectric energy devices 



Derrick M. Mott, derrickmott@gmail.com, Hiroyuki Shimose, Nguyen T. Mai, Mikio 
Koyano, Shinya Maenosono.Department of Materials Science, Japan Advanced 
Institute of Science and Technology, Nomi, Ishikawa 923-1211, Japan 

Copper zinc sulfide (Cu-Zn-S) nanoparticles are an intriguing chalcogenide based 
semiconductor with potential applications in thermoelectric materials, which can be used 
to harvest otherwise wasted excess heat energy. While this class of chalcogenide 
cannot compete with optimal materials (such as (BixSb1-x)2Te3), Cu-Zn-S particles are 
highly sustainable because of the large abundance of these elements and their low 
toxicity, allowing feasible and widespread use. The Cu-Zn-S nanoparticle system was 
studied by using a wet chemical synthetic technique to create particles with a range of 
compositions. The particles display an anisotropic disc shape that readily self-assemble 
into large ordered three dimensional arrays, providing a feasible route towards large 
scale device creation. The resulting materials were subsequently characterized to study 
the thermoelectric properties, revealing a remarkable tunable nature that is highly 
dependent on the nanoparticle composition. The results are discussed in terms of the 
composition dependent nanoparticle semiconducting properties, focusing on use for 
thermoelectric devices. The materials have the potential to be used in a broad range of 
thermoelectric applications. 

COLL 425 

Principles of the electric and magnetic field-driven assembly of particles of 
complex shape, polarizability, and composition 

Orlin D Velev, odvelev@ncsu.edu.Department of Chemical and Biomolecular 
Engineering, North Carolina State University, Raleigh, NC 27695-7905, United States 

We will discuss how directional polarization interactions induced by external electric and 
magnetic fields can be used to assemble complex particles or particle mixtures into 
unusual lattices of tailored structure and symmetry. Examples of such systems include 
metallodielectric Janus spheres and cubes, which can be driven into new types of 
staggered chains and anisotropic crystals. Another class of particles that will be 
discussed includes patchy metallodielectric particles that form networks and crystals of 
unusual symmetry by quadrupolar and hexapolar interactions in AC fields. The 
assembly of permanent, yet reconfigurable, structures can be achieved with the use of 
magnetic fields and particles with residual polarization. The particle assembly motifs 
and the structure of the small clusters formed can be analyzed via numerical 
calculations of the electric field intensity and energy in particle-medium models. The 
overall lattice patterns can be predicted by molecular dynamics simulations of the 
interacting particle ensembles. We will also discuss a new class of permanently bound 
structures field-assembled from binary mixtures of oppositely charged strongly attractive 
microspheres. We demonstrate that the assembly process depends critically on the size 
ratio and the number ratio of the two types of particles, and derive rules for the 
assembly of such structures. The experimental data for chain length distribution 
resulting from this "directed irreversible assembly" was found to be in excellent 



agreement with a new combinatorial statistics model. These findings could form the 
basis for programmed assembly of supracolloidal structures from complex binding units. 

COLL 426 

Magnetic interaction of iron oxide Janus particles 

Bin Ren1,2, renbin83@gmail.com, Ilona Kretzschmar1,2.  (1) Department of Chemistry, 
The Graduate Center, City University of New York, New York, New York 10016, United 
States  (2) Department of Chemical Engineering, City College of New York, New York, 
New York 10031, United States 

It has been challenging to characterize the magnetic properties of Janus particles with 
traditional magnetometric measurement methods such as vibrating sample 
magnetometry (VSM), Hall Effect magnetometry, and superconducting quantum 
interference device (SQUID) magnetometry due to the very small sample size and the 
thin nature of the Janus cap and the inherently asymmetric structure of the Janus 
particle. In addition, traditional magnetometric measurements often require operating at 
low temperature where the system is cooled with liquid helium. A fast, in situ 
methodology for the determination of saturation magnetization (Ms) values of Janus 
particle caps without the need for large sample volumes and liquid helium would be 
useful. 

We have prepared Fe1-xO and Fe3O4 Janus particles via physical vapor deposition of 
nanometer iron thin films onto a polystyrene or silica particle monolayer in an Ar:O2 = 
3:1 atmosphere by varying the deposition rate of the iron.1 Here, we investigate the 
formation of Janus particle doublets. The particle approaching velocity is determined 
from analysis of high-speed videos. Equating of the drag force and the magnetic 
interaction force with the assumption of a creeping flow condition allows the 
determination of the magnetic pair interaction potential. The magnetic pair interaction 
potential is found to have the expected R-3 dependence, which enables us to determine 
the Ms value for a specific cap material. The effect of particle size and Janus particle 
base material on the magnetic pair interaction potential will be presented. 

1. Ren, B.; Ruditskiy, A.; Song, J. H.; Kretzschmar, I., Assembly Behavior of Iron Oxide-
Capped Janus Particles in a Magnetic Field. Langmuir 2011, 28 (2), 1149-1156. 
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Directed self-assembly of soft compartmentalized nanoparticles 

Axel H. E. Müller1, axel.mueller@uni-mainz.de, Tina I. Löbling2, Andreas Walther3, 
Felix H. Schacher4, Holger Schmalz2, André H. Gröschel5.  (1) Institut für Organische 
Chemie, Johannes-Gutenberg-Universität Mainz, Mainz, Germany  (2) 
Makromolekulare Chemie II, Universität Bayreuth, Bayreuth, Germany  (3) Institute for 
Interactive Materials Research, DWI at RWTH Aachen University, Aachen, 



Germany  (4) Jena Center for Soft Matter, Friedrich-Schiller-Universität Jena, Jena, 
Germany  (5) Department of Applied Physics, Aalto University School of Science, 
Espoo, Finland 

Hierarchical self-assembly emerges as a versatile tool in materials science to fabricate 
complex structures with nanoscale resolution. However, it remains a challenge to 
synthesize monodisperse particles with control over nanometer-sized interaction 
patterns and concepts to manipulate their self-assembly with high precision. We present 
the precise hierarchical self- and co-assembly of soft patchy nanoparticles into 
supracolloidal superstructures. We apply a sequence of selective solvents to guide ABC 
triblock terpolymers into nanometer-sized yet monodisperse nanoparticles with AB and 
ABA symmetry that can be seen as colloidal building blocks (CBBs). The structure of 
the CBBs is pre-programmed with molecular definition into the sequence of the 
underlying triblock terpolymers. These AB and ABA patchy particles subsequently self-
assemble into spherical or worm-like multicompartment structures. Yet, in combination 
they co-assemble into microscale co-assemblies with multiple, nanoscale periodicities. 
Thereby, co-assembly is simply triggered by changing the solvophobicity of the 
constituent polymer blocks and understanding the dynamic reorganization processes. 
The final structure of the co-assembly can be controlled by the mixing ratio and addition 
sequence of the mono- and divalent colloidal building blocks. The presented concept 
provides rational design strategies for variety of supracolloidal co-assemblies with 
remarkable control over positioning, composition, periodicity and functionalization at 
each level. 

 
 

COLL 428 

Impact of geometric anisotropy on the assembly of colloidal dimers under electric 
fields 

Fuduo Ma1, Sijia Wang1, David T Wu2, Ning Wu1, ningwu@mines.edu.  (1) Department 
of Chemical and Biological Engineering, Colorado School of Mines, Golden, Colorado 
80401, United States  (2) Department of Chemistry and Geochemistry, Colorado School 
of Mines, Golden, Colorado 80401, United States 



Colloids with anisotropic interactions could assemble into much more diversified 
structures than isotropic particles. Here, we specifically investigate the impact of 
geometric anisotropy on colloidal dimers' assembly on conducting substrates under 
electric fields. By systematically tuning the size ratio between two lobes on dimers, we 
have found the interactions between dimers are strongly dependent on their relative 
orientations. For example, attractive interactions exist between lying and standing 
dimers on the substrate. When all dimers stand on the substrate, the interactions 
between neighboring dimers with alternating orientations are attractive. Otherwise, the 
interactions are repulsive. Such orientation-dependent interactions generate various 
new structures, such as chiral clusters and dimers crystals with alternating orientations. 
The physical origin of those orientation-dependent interactions and the impacts of 
experimental conditions such as the ionic concentrations and surface charges will be 
discussed. Our numerical model based on electrostatics agrees well with experimental 
results and provide further insights on electric-field assisted assembly of anisotropic 
particles. 

COLL 429 

Directed assembly of oriented ellipsoidal colloids to control acoustic phonon 
transport 

Eric M Furst1, furst@udel.edu, Peter J. Beltramo1, Jan Vermant2, Dirk Schneider3, 
George Fytas3,4.  (1) Department of Chemical and Biomolecular Engineering, University 
of Delaware, Newark, DE 19716, United States  (2) Department of Chemical 
Engineering, Katholieke Universiteit Leuven, Leuven, Belgium  (3) Max-Planck-Institut 
für Polymerforschung, Mainz, Germany  (4) Institute of Electronic Structure and Laser, 
Foundation for Research and Technology-Hellas, Heraklion, Crete 71110, Greece 

The assembly of anisotropic colloidal building blocks into ordered, periodic structures 
using directing electric fields is a rapid, highly scalable, and potentially low-cost route for 
manufacturing functional nanomaterials and devices [1]. We demonstrate the use of 
electric fields to align ellipsoidal colloids in dilute suspension and assemble these 
oriented particles by convection into densely packed, orientationally ordered thin films. 
The nanomechanical and phononic properties of the ellipsoid films are measured by 
Brillouin light scattering. The materials exhibit anisotropic sound propagation including 
the emergence of a unidirectional hybridization band gap in the phonon spectrum. The 
frequency of the band gap and effective sound velocity can be tuned by the particle 
aspect ratio. These results reveal the potential for control of the phononic band structure 
by combining anisotropic particles and self-assembly. 

1. M. Grzelczak, J. Vermant, E. M. Furst, L. M. Liz-Marzan, ACS Nano 4, 3591–3605 
(2010). 
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Highly ordered, ultra long nanofibrils via hierarchical self-assembly of ionic 
aromatic oligoamide 

Ningdong Huang, ndhuang@ustc.edu.cn, Junjun Li, Liangbin Li, Ziyu Wu.National 
Synchrotron Radiation Laboratory, University of science and technology of china, Hefei, 
Anhui 230029, China 

Highly ordered templates are of great importance in fabricating well-arranged 
nanomaterials. Inspired by the hierarchical assembling of bio-macro molecules, we 
designed a water soluble three-arm ionic aromatic oligoamide which can spontaneously 
self-assemble into bundles of nanofibrils. Unlike conventional assembly formed by 
synthetic oligoamide individually dispersed in solution, the nanofibrils in our present 
study tend to further arrange into orthorhombic  

 
 
 
arrays and form microfibers with length up to millimeters . The surrounding ions play a 
key role in the assembling behavior and possess high metal-ion binding capacity, which 
provides a strategy for tuning ordered structures of functional materials and possibilities 
for understanding the assembling mechanism of biological counterparts. 
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Stimulus-responsive superlattice assembled and tuned by polymer 

Byeongdu Lee1, blee@anl.gov, Tao Li1, Xingjie Zan2, Randall E Winans1, Qian 
Wang2.  (1) X-ray Science Division, Argonne National Laboratory, Argonne, IL 60439, 
United States  (2) Department of Chemistry and Biochemistry, University of South 
Carolina, Columbia, SC 29208, United States 



Fabrication of crystalline assemblies, or superlattices, of 1D nanoscale building blocks 
has been of great interest because of the collective properties that may result from their 
uniform arrangements. To tune the collective properties, the control over not only the 
symmetry but also the gap between building blocks is crucial. Various assembly 
methods that utilize enthalpic or entropic interactions, such as solvent evaporation, DNA 
base-pairing, or charge have been developed to fabricate superlattice structures, as 
well as strategies based on external magnetic and electric forces. Recently, the 
depletion interaction has received considerable attention because it is a simple but 
powerful means to direct and control the self-assembly of anisotropic particles with 
tunable inter-particle distances. The attractive depletion interaction induced by the 
depletant is often balanced by the repulsive electrostatic interaction originating from the 
surface charge of the particles. 

In this presentation, we will show that a wide range of inter-particle distances between 
rod-like particles can be achieved by employing rigid polymers as depletants; the lattice 
parameter, d , of the superlattice of rod-like particles can be tuned from approximately 1 
to 5 times the diameter, D ,of the rod-like particles. Notably, we found that depletion 
alone cannot explain these large inter-particle distances, and propose as second 
mechanism by which the polymers are able to induce self-assembly. In addition, we 
show that the inter-particle distance can be controlled reversibly in response to external 
stimuli such as temperature by employing rigid-gel forming polymers. 
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Dynamics of colloidal packings and disordered drops 

Arjun G Yodh, yodh@physics.upenn.edu.Physics and Astronomy, University of 
Pennsylvania, Philadelphia, PA 19104-6396, United States 

I will describe recent work which explores the connections between particle dynamics 
and mechanical response of disordered media. For example, we have experimentally 
studied the phonon modes [1,2] of disordered colloidal packings, and the role played by 
particular low-frequency quasi-localized phonon modes (“soft spots") in driving particles 
to rearrange in response to compressive stress [3]. A second set of experiments 
explores the dynamics of particle deposition during evaporation of colloidal drops. In 
particular, we observe the role of particle shape in affecting coffee rings [4-6]. 

[1] K. Chen, W.G. Ellenbroek, Z.X. Zhang, D.T.N. Chen, P.J. Yunker, S. Henkes, C. 
Brito, O. Dauchot, W. van Saarloos, A.J. Liu & A.G. Yodh, Phys. Rev. Lett. 105 (2010) 
025501. 



[2] P.J.Yunker, K. Chen, Z.X. Zhang, W.G. Ellenbroek, A.J. Liu & A.G.Yodh, Phys. Rev. 
E 83 (2011) 011403. 

[3] K. Chen, M.L. Manning, P.J. Yunker, W.G. Ellenbroek, Z. Zhang, A.J. Liu, & A.G. 
Yodh, Phys. Rev. Lett. 107 (2011) 108301. 

[4] Yunker, P.J., Still, T., Lohr, M.A., and Yodh, A.G., Suppression of the coffee-ring 
effect by shape-dependent capillary interactions. Nature 476, 308-311 (2011). 

[5] Yunker, P.J., Gratale, M., Lohr, M.A., Still, T., Lubensky, T.C., and Yodh, A.G., 
Influence of particle shape on bending rigidity of colloidal monolayer membranes and 
particle deposition during droplet evaporation in confined geometries. Phys. Rev. Lett. 
108, 228303 (2012). 

[6] Yunker, P.J., Lohr, M.A., Still, T., Borodin, A., Durian, D.J., and Yodh, A.G., Effects 
of Particle Shape on Growth Dynamics at Edges of Evaporating Drops of Colloidal 
Suspensions, Phys. Rev. Lett. 110 , 035501 (2013). 
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Crystallization and glass formation in microgel suspensions 

Miguel Pelaez-Fernandez, Joaquim Clara-Rahola, Alberto Fernandez-Nieves, 
alberto.fernandez@physics.gatech.edu.Physics, Georgia Tech, Atlanta, GA 30332-
0430, United States 

We experimentally study crystallization and glass formation in suspensions of microgel 
particles. Our results indicate that particle stiffness directly affects the suspension 
osmotic pressure and the details of the liquid-to-crystal phase transition. Furthermore, it 
also plays a major role in the coupling between the structure and the dynamics in the 
supercooled liquid phase on its approach to the glass; this coupling seems to correlate 
with fragility. 
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Heterogeneity and large-scale dynamics in gelling nanoemulsions 

Yongxiang Gao, Juntae Kim, Matthew E Helgeson, 
helgeson@engineering.ucsb.edu.Department of Chemical Engineering, UC Santa 
Barbara, Santa Barbara, CA 93106, United States 

Nanoemulsions are known to form “organohydrogels”, solid-like phases with rheology 
similar to structurally arrested states in attractive near hard sphere suspensions. In this 
work, we use comprehensive experimental studies to reveal the mechanism of gelation 
in these systems, providing insight into the mechanics of both soft and hard-sphere 
colloidal gels at high volume fraction. The use of materials with thermosensitive 



interdroplet attractions allows for careful examination of the gel transition by combining 
a number of techniques, including bulk rheology, scattering, and optical microscopy. We 
find that the nanoemulsion gels exhibit strong structural and dynamical heterogeneity at 
length scales significantly larger than the characteristic size of interdroplet clusters. At 
the onset of gelation, strong cluster-cluster correlations appear. As gelation proceeds, 
the growth and dynamical fluctuations of these correlations reveal that gelation 
proceeds by arrested phase separation vis-à-vis spinodal decomposition. Specifically, 
the dynamics of cluster-cluster correlations are ballistic above a characteristic length 
scale, which grows linearly with time until complete structural arrest is observed. Finally, 
by probing the microstructure of the gels under shear deformation, we find that this 
arrested heterogeneity is critical to explaining the two-step yielding behavior often 
observed in attractive suspensions. 
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Kinetic arrest and aging in soft jammed systems and suspsensions of soft 
particles 

Chinedum Osuji, chinedum.osuji@yale.edu.Department of Chemical and 
Environmental Engineering, Yale University, New Haven, Connecticut 06520-8286, 
United States 

Aging at rest in sufficiently dense colloidal suspensions following the cessation of shear 
flow leads to the formation of a solid-like material (G'>G") from an initially fluid state. 
Evolution of the energy landscape during such physical aging of glassy materials can be 
understood from the frequency and strain dependence of the shear modulus but the 
non-stationary nature of these systems frustrates investigation of their instantaneous 
underlying properties. Here we investigate kinetic arrest and aging in suspensions of 
soft microgel particles and hard particle soft jammed systems. We show that parallel 
superposition rheology can be used effectively to study the dynamic rheological 
properties of these systems during this structural arrest transition, as a function of the 
stress imposed on the system. Using a series of time dependent measurements we 
systematically reconstruct the frequency and strain dependence as a function of age for 
a system undergoing structural arrest and subsequent aging in the presence of zero 
and small finite stresses. In this manner, we are able to unambiguously observe the 
structural relaxation time, which increases exponentially with sample age at short times. 
The yield stress varies logarithmically with time in the arrested state, consistent with 
recent simulation results, whereas the yield strain is nearly constant in this regime. 
Enhanced viscous dissipation during yielding is featured only in the arrested state, with 
the magnitude of dissipation increasing linearly with sample age. Strikingly, the 
frequency dependence at fixed times can be rescaled onto a master curve, implying a 
simple connection between the aging of the system and the change in the frequency 
dependent modulus. 
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Understanding physicochemical changes caused by oxidative treatment to 
design conditioners for colored hair 

Robert W Glenn, glenn.rw@pg.com.Department of Beauty Technology, The Procter & 
Gamble Company, Cincinnati, OH 45040, United States 

Oxidative hair colorants impart irreversible damage to the hair's surface including (i) 
increased cuticle lifting, (ii) surface chemical changes, (iii) reduced contact angle, and 
(iv) removal of nature's covalently bonded protective F-layer (18-methyleicosanoic acid). 
Correspondingly, colored hair requires more conditioning and we need to improve the 
hair condition from one hair coloring event to the next, i.e., long lasting conditioning. To 
this end, a wide variety of functional silicones were evaluated on both colored and non-
colored hair for durable hair conditioning. Technical results show the need to select a 
functional silicone with a combined optimal polarity (quantitated via silicone/D2O 
interfacial tension & a solvent dilution turbidity method) and neat fluid viscosity. 
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From fakir drops to levitating liquids 

David Quéré, david.quere@espci.fr.Department of Physics and Mechanics of 
Heterogeneous Media, ESPCI & Ecole polytechnique, Paris, France 

We describe and comment a few recipes to achieve highly non-wetting situations. The 
corresponding dynamics are very special, owing to the extremely low friction generated 
in such cases. We describe a few natural applications of that, in particular the strategies 
of the water spider Argyroneta, which takes advantage of its super-hydrophobic 
abdomen to build air bells underwater. We also describe dynamics in the Leidenfrost 
situation, where evaporation can be exploited to create self-propulsion, if some 
asymmetry is present in the system. 
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Effect of humidity and surface chemistry on particle impingement on a solid 

William Ducker, wducker@vt.edu, Dongjin Seo.Department of Chemical Engineering, 
Virginia Tech, Blacksburg, VA 24061, United States 

The approach of a particle to a plate in gas is determined by the viscosity of the gas and 
the interaction of the gas with the solid surface of the particle and plate. The interaction 
between the gas and the solid controls the boundary condition for flow. In contrast to 
liquid media, there is always partial slip at gas interfaces, which has a minimum 
characteristic length of the mean free path of the gas. Thus, at one atmosphere, the slip 
length is at least 70 nm, which has a significant effect on the flow for micron-sized 
particles. The actual slip length depends on the details of the collisions between the gas 
and the solid and is quantified by the tangential momentum accommodation coefficient 



(TMAC). For specular reflection, the TMAC is low and the slip length asymptotes to 
infinity whereas for diffuse reflectance the TMAC is unity and the slip length is equal to 
the mean free path. The enormous theoretical variation in slip length offers the 
opportunity for manipulating particle impingement to surfaces. In this work we measure 
the force acting on particles as they approach a flat plate in a variety of conditions, 
including variable humidity and temperature, and for various coatings. We find that the 
slip length can be controlled over a large range (70-500 nm), thereby effecting control of 
flow. For example, for hydroxyl-terminated silica, the TMAC is 0.5 at 0 % relative 
humidity, and increases almost to 1 when the humidity increases to a few percent. The 
TMAC decreases to 0.25 at around 87 % humidity before rising to 0.9 at 100 % 
humidity. We rationalize the increase in TMAC at low humidity in terms of interactions 
with a very thin layer of water with significant lateral mobility and vibrational and 
rotational modes to accept momentum. 
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Shear distortion and failure of capillary bridges: Wetting information beyond 
contact angle analysis 

Liming Wang, limingw@mail.pse.umass.edu, Thomas McCarthy.Department of 
Polymer Science and Engineering, University of Massachusetts, Amherst, MA 01003, 
United States 

Water capillary bridges are prepared that span hydrophilic pinning features on parallel 
opposing smooth, flat and hydrophobic surfaces. These bridges are distorted by 
shearing the parallel plates at a low rate. The capillary bridges lengthen and distort to 
balance Laplace pressure (equilibrate mean curvature) as the features are separated 
and eventually rupture at a distance that is a function of the liquid volume, the 
advancing and receding contact angles of the surfaces, the separation between the 
parallel surfaces, and in particular, the shape and orientation of the hydrophilic pinning 
features. Two types of capillary bridge failure are observed: (1) tensile, in which the 
capillary bridge breaks to form sessile drops on both the upper and lower surfaces, and 
(2) sessile, in which sessile capillary bridge rupture occurs on one surface to form a 
puddle (contact line – distorted sessile drop) on the feature and a retained capillary 
bridge spanning the hydrophobic surface and the hydrophilic feature on the opposing 
surface. The shape and orientation of the features control the mode of capillary bridge 
failure as well as the distribution of water between the two separate sessile drops or the 
retained capillary bridge and the puddle. 
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Relating surface disorder of self-assembled monolayers to fluid dewetting and 
molecular slip 

Scott K Shaw, scott-k-shaw@uiowa.edu.Department of Chemistry, University of Iowa, 
Iowa City, IA 52242-1294, United States 



Anti-fouling surfaces are ubiquitous in modern materials and new avenues for 
fabrication of such surface (beyond fluorination) are urgently desired. This work 
explores the mechanisms of fluid slip on surfaces by altering the solid-fluid nature of a 
self-assembled monolayer (SAM) supported on a metallic surface. By creating mixed 
monolayers of varying chain length, the top-most region of the monolayer is free to 
deform, creating a more fluid-like termination on an otherwise solid-like, traditional SAM 
surface. Fluid layers are introduced on SAM-modified these surfaces by a dewetting 
process and mobility of fluid layers supported on these varying SAM substrates are 
reported. Characteristics of the fluids and SAM surfaces are probed using vibrational 
spectroscopy, ellipsometry, and contact angle goniometry. Results are correlated with 
classes of chemical interactions i.e. hydrophobic forces, hydrogen bonding, van der 
Waals, electrostatics, etc. 
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Factors controlling chemical reactions at environmental interfaces 

Gordon E Brown1,2, gordon.brown@stanford.edu, Tom Kendelewicz1, Sarp Kaya2, 
Susumu Yamamoto2, John T Newberg3, Hendrik Bluhm4, Anders Nilsson2, Rossitza 
Pentcheva5, Yingge Wang1, Peter Eng6, John R Bargar2, A. Cristina Cismasu1, Clement 
Levard1, F. Marc Michel1.  (1) Department of Geological & Environmental Sciences, 
Stanford University, Stanford, CA 94305-2115, United States  (2) Department of Photon 
Science and Stanford Synchrotron Radiation Light Source, SLAC National Accelerator 
Laboratory, Menlo Park, CA 94025, United States  (3) Department of Chemistry & 
Biochemistry, University of Delaware, Newark, DE 19716, United States  (4) Chemical 
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United 
States  (5) Department of Earth and Environmental Sciences, Ludwig-Maximilians-
University, Munich, Germany  (6) Consortium for Advanced Radiation Sources, 
University of Chicago, Chicago, IL 60637, United States 



The reactions of water and hydrated cations and anions at mineral-water interfaces 
control many aspects of the natural environment, including the composition of natural 
waters, the sequestration and release of contaminants and nutrients, and the chemical 
weathering of minerals. We will discuss recent ambient-pressure XPS results on the 
initial reaction of water with environmentally important metal oxide surfaces [alpha-
Fe2O3(0001) and Fe3O4(001)] as well as the interaction of these surfaces with 
environmentally important contaminant ions such as As(III) as studied by EXAFS 
spectroscopy and XPS. Particle size is another variable that affects chemical reactivity 
and this effect will be illustrated by results from a recent study of Zn(II) adsorption on 
ferrihydrite nanoparticles. In order to approach the complexity of natural systems, we 
will also present new synchrotron-based long period x-ray standing wave fluorescent 
yield (LP-XSW-FY) spectroscopy results on the competition between Zn(II) and Pb(II) 
for functional groups in thin films of microbial biofilm, humic acid, and polyacrylic acid 
and reactive sites on the alpha-Al2O3 (1-102) and (0001) and alpha-Fe2O3 (0001) 
surfaces on which these thin films have been deposited. Such “dirty” surfaces are the 
rule rather than the exception in many natural aquatic and soil environments, yet are 
typically neglected in laboratory studies of sorption reactions. We will conclude with 
perspectives on important problems remaining to be addressed in mineral-water 
interface chemistry. 
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Spectroscopic investigation of citrate and lead (II) adsorption on hematite 

Matthew Noerpel1, noerpel.1@osu.edu, Yingying He2, John J Lenhart1.  (1) 
Department of Civil, Environmental, and Geodetic Engineering, The Ohio State 
University, Columbus, OH 43210, United States  (2) School of Science, 2Xi’an 
University of Architecture and Technology, Xi'an, China 

The fate and transport of lead in subsurface systems is partially dependent on 
adsorption to mobile colloid particles. It is well established that the presence of organic 
acids will alter the surface reactivity of such particles impacting the conditions under 
which lead will adsorb to the particle surface. Using batch adsorption experiments, 
combined with infrared and X-ray spectroscopy, we examined the effect that citric acid 
has on the adsorption of lead to the hematite surface and explored the potential 
structures of the lead-citrate surface complex. The citric acid enhances the adsorption 
of lead at lower pH values and both lead and citrate appear to be adsorbing to the 
hematite surface in a competitive, inner sphere manner with the enhancement the result 
of changes in the solution conditions near the surface due to the addition of the citric 
acid. This is corroborated by X-ray reflectivity data collected on the hematite (001) 
surface. 
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Observing the interactions of ions with mineral-water interfaces using X-rays 



Paul Fenter1, fenter@anl.gov, Sang Soo Lee1, Erika Callagon2, Kathryn Nagy2, Neil 
Sturchio2.  (1) Chemical Sciences, Argonne National Laboratory, Argonne, IL 60439, 
United States  (2) Earth and Environmental Sciences, University of Illinois at Chicago, 
Chicago, IL 60607, United States 

The interaction of ions with charged mineral-water interfaces is a critical feature for 
understanding the transport of contaminants in the environment. The actual distribution 
of ions at the interfaces is often obscured by the presence of the liquid phase. I present 
recent work where we use X-ray based probes (e.g., x-ray reflectivity and resonant 
scattering) to observe the structures and interactions of ions through direct in-situ 
measurements. Examples to be presented include metal cation adsorption at the 
muscovite-water, quartz-water, and calcite-water interfaces which illustrate important 
differences of ion-mineral interactions for silicates vs. carbonates. The results also 
clearly reveal the critical role of ion solvation in understanding adsorbed cation 
properties at silicate-water interfaces. 

*This work is supported by the DOE/BES Geoscience Research Program. 
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Reduction of U(VI) incorporated in the structure of nanoparticulate Fe 
(hydr)oxides 

Eugene S Ilton, eugene.ilton@pnnl.gov.Department of Geochemistry, Pacific 
Northwest National Laboratory, Richland, WA 99352, United States 

The only two uranium oxidation states of environmental importance are considered to 
be U(IV) and U(VI). The likely basis for the belief that U(V) is not relevant under 
environmental conditions is the well documented rapid disproportionation of aqueous 
U(V) outside of a very narrow Eh-pH window. However, evidence from our laboratory is 
accumulating in support of the long term existence of sorbed pentavalent uranium, well 
outside the nominal stability of U(V)aq, suggesting that it could be more than just a 
transitory intermediate. A common theme was that U(V) associated with solids was 
never detected as a simple adsorbed complex; rather, it appeared to be incorporated in 
polymerized uranium forms or secondary precipitates during reduction by Fe(II), where 
higher U(V) concentrations, determined by XPS, were correlated to increasing uranate 
coordinated uranium (determined by EXAFS); the term uranate refers to a relatively 
symmetric coordination environment that lacks the short trans-dioxo uranyl bond. 
Unfortunately, the U(V) bearing phase was not identified. These findings spurred 
theoretical small cluster calculations which showed that uranate coordination, combined 
with a first shell coordination number, CN, less than 8, appears to widen the stability 
field of U(V) relative to both U(VI) and U(IV). In order to test the calculations with 

rigorous experiments, we synthesized U(VI)-doped nanohematite (∼0.6 mole % U) and 
incorporated U (about 2 mole %) into goethite (in collaboration with the Fendorf group, 
Stanford U.). A combination of XAS, HAADF-TEM, and ab initio modeling indicates that 
U substituted in the structure of hematite and goethite in uranate, likely octahedral 



coordination. Redox experiments were performed indicating that structurally 
incorporated U(VI) was reduced to U(V), whereas adsorbed U(VI) was reduced to U(IV). 
Cumulatively, the results support the hypothesis that U(V) is stabilized relative to U(IV) 
and U(VI) in uranate coordination environments for CN < 8. 
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Significant high pH adsorption of aqueous uranyl complexes onto many-layered 
graphene oxide 

Thomas A. Duster, tduster@nd.edu, Jennifer E.S. Szymanowski, Jeremy B. 
Fein.Department of Civil and Environmental Engineering and Earth Science, University 
of Notre Dame, Notre Dame, IN 46556, United States 

For high pH aqueous systems in equilibrium with the atmosphere, the speciation of 
U(VI) is dominated by negatively charged uranyl-carbonate and uranyl-hydroxide 
complexes, which are poorly adsorbed by most natural and engineered surfaces. As a 
result, the remediation of U-contaminated environments is particularly challenging 
above pH 8. In this study, we demonstrate the extraordinary capacity of many-layered 
graphene oxide (MLGO) nanosheets to adsorb U(VI) through pH 11. MLGO nanosheets 
owe their especially reactive surfaces to an extremely high surface area to mass ratio 
and the presence of a variety of proton-active functional groups. With ionic strengths 
(IS) held constant (between 5 and 100 mM), we measured the adsorption of 3 ppm U 
onto MLGO as a function of both MLGO concentration and pH. Adsorption increased 
with decreasing IS between pH 7.8 and pH 9, and significant adsorption (>90 percent) 
was observed in systems containing as little as 40 mg MLGO L-1. Similarly, >90 percent 
adsorption occurred in systems between pH 3.5 and 9.7 at each IS. Precipitation and/or 
container losses of U in corresponding MLGO-free control systems surpassed 10 
percent above pH 9.7, thereby complicating the further analysis of U-MLGO 
complexation. However, U removal from MLGO-bearing systems as high as pH 10.5 
exceeded 80 percent, indicating that most of the U removed in these systems could be 
attributed to U(VI) adsorption onto MLGO surfaces. The high extent of U(VI) adsorption 
under high pH conditions strongly suggests adsorption of uranyl-hydroxide and uranyl-
carbonate complexes onto the MLGO surface. Using pKa values and binding site 
concentrations determined during IS-specific potentiometric titrations, we use these 
data to construct surface complexation models that constrain the stoichiometry and 
thermodynamic stability constants associated with each complexation reaction. The 
results of this study indicate that MLGO is an extremely effective sorbent of U(VI) 
species in high pH environments. 
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Oxidative corrosion of uraninite (UO2) surfaces 

Joanne E Stubbs1, stubbs@cars.uchicago.edu, Peter J Eng1, Craig A Biwer2, Anne M 
Chaka3, Glenn A Waychunas4, John R Bargar5.  (1) Center for Advanced Radiation 



Sources, University of Chicago, Chicago, IL 60637, United States  (2) Department of 
Computational Medicine and Bioinformatics, University of Michigan, Anne Arbor, MI 
48109, United States  (3) Fundamental and Computational Sciences Division, Pacific 
Northwest National Laboratory, Richland, WA 99352, United States  (4) Earth Sciences 
Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United 
States  (5) Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator 
Laboratory, Menlo Park, CA 94025, United States 

Uraninite (UO2) is the most abundant uranium ore mineral, the product of proposed 
bioremediation strategies for uranium-contaminated soils and aquifers, and its synthetic 
analog is the primary constituent of most nuclear fuels. It incorporates interstitial oxygen 
up to a stoichiometry of UO2.25 without disruption of the uranium lattice, but the 
structural details of the process are the subject of ongoing study and debate. Because 
the solubility and dissolution kinetics of uraninite depend heavily on the oxidation state 
of uranium, understanding the mechanims of UO2 surface oxidation and corrosion is 
essential to predicting its stability in the environment throughout the nuclear fuel cycle. 
To date, however, no study has addressed this process at the molecular scale at 
atmospheric pressure and room temperature. 

We present crystal truncation rod (CTR) x-ray diffraction studies of pristine and oxidized 
UO2 (111) and (100) surfaces. The clean (111) surface shows minimal contraction of the 
uppermost atomic layers and a layer of oxygen or hydroxyl group adatoms above the 
vacuum-terminated surface. Upon exposure to dry O2 gas, an oxidation front proceeds 
into the crystal, interstitial oxygen atoms penetrate to depths of 30 Å or more, surface-
normal layer distances contract (consistent with bulk uraninite oxidation), and an 
ordered superlattice forms, commensurate with the underlying bulk. Similar O2 surface 
penetration and layer contraction are observed upon oxidation of the (100) surface. 
These results demonstrate that the solid state diffusion of oxygen into UO2 and UO2+x 

surfaces is facile and that ordering kinetics are relatively rapid, even at room 
temperature. 

Ab initio thermodynamics, which combines density-functional theory calculations with 
macroscopic thermodynamics, provides insight into the energetics, bonding, and 
oxidation processes that occur as oxygen reacts with the surfaces and diffuses into the 
solid. Subsurface oxidation is predicted to contract surface-normal layers consistent 
with experimental observations. 
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Contaminant sequestration in mesoporous materials and secondary mineral 
coatings: The importance of confined pore spaces 

David M Singer1, dsinger4@kent.edu, Patricia M Fox2, Hua Guo3, James A Davis2.  (1) 
Department of Geology, Kent State University, Kent, OH 44242, United States  (2) Earth 
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United 



States  (3) Materials Sciences Division, Lawrence Berkeley National Laboratory, 
Berkeley, CA 94720, United States 

Important reactive phenomena that affect the transport and fate of many elements occur 
at the mineral-water interface (MWI), including sorption and redox reactions. Compared 
to ideal mineral-water systems, much less is understood about MWI in natural 
environments, which typically have nanometer to micron scale secondary mineral 
coatings on the surfaces of primary mineral grains and complex porosity properties 
Mesoporous material are ubiquitous in surface and near-surface environments, and 
typically dominant the reactive surface area of geologic media. Surface chemistry, ion 
sorption and related geochemical reactions can be significantly modified with these 
confined pore spaces, including the preferential enrichment of trace elements in 
mesopores. Pore space confinement can also lead to kinetic restraints on 
thermodynamically favorable sorption/desorption, precipitation/dissolution, and redox 
reactions due to the slow migration of metals out of mesopores due to chemical 
gradients created by the pore space confinement or by steric constraints on larger 
reactants migrating in. We have examined sediment grain coatings from well-
characterized field sites to determine the nature of diffusion/sorption and redox 
processes within the coatings. Diffusion of As(III) and As(V) into the coatings has been 
studied with a combination of electron microscopy and synchrotron techniques to 
assess the resulting concentration gradients and reactive processes, including and 
electron transfer reactions. We have also used mesoporous silica (MCM-41) 
synthesized with a pore space of 4.7 nm to study the sorption and diffusion kinetics of 
aqueous U(VI) and Sr(II) into a mesoporous material. Using a combination of benchtop 
sorption experiments, TEM, and synchrotron-based XAS, U and Sr uptake on MCM-41 
was measured as a function of time and solution composition under batch conditions. 
This suite of techniques used here enabled determination of the rate of metal sorption 
and precipitation in the pore spaces, and identification of the reaction products. 
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Bioconjugation of lipids and proteins to gold nanocrystals 

Catherine J. Murphy, murphycj@illinois.edu.Department of Chemistry, University of 
Illinois at Urbana-Champaign, Urbana, IL 61801, United States 

Gold nanocrystals are emerging as favorite substrates for chemical sensing, biological 
imaging, and photothermal therapeutics. In this talk we will discuss best practices for 
conjugation of various biomolecular recogniion groups to gold nanocrystal surfaces. 
Quantification of biomolecular adsorption, whether in single layers or multilayers, is an 
important step; a more difficult task is to measure biomolecular orientation on 
nanoparticle surfaces. 
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Optimization of peptide conjugation onto partially PEGylated gold nanoparticles 
for their delivery into cancer cell nuclei 

Wei Qian1, weiqian18@yahoo.com, Taeyjuana Curry2, Yong Che1, Raoul 
Kopelman2.  (1) IMRA America, Inc., Ann Arbor, Michigan 48105, United States  (2) 
Department of Chemistry, University of Michigan, Ann Arbor, Ann Arbor, Michigan 
48105, United States 

Among the large variety of subcellular organelles, the nucleus is a major target for 
macromolecules and nanoparticles, with potential diagnostic and therapeutic 
applications, because the genetic information of the cell and its transcription machinery 
reside there. Novel therapeutic strategies (for example, gene therapy), enabled by safe 
and efficient delivery of drug molecules and nanoparticles into the nucleus, are heralded 
by many as the ultimate treatment for severe and intractable diseases. However, most 
nanomaterials and macromolecules are incapable of reaching the cell nucleus on their 
own, because of biological barriers carefully honed by evolution: the cellular membrane 
and the nuclear envelope. In this presentation, we have demonstrated an approach of 
fabrication of biocompatible gold nanoparticle-based vehicles which can enter into 
cancer cell nucleus via optimization of conjugation of both PEG 5000 and two different 
peptides (RGD and nuclear localization signal (NLS) peptide) to gold nanoparticles by 
independently adjusting amounts of PEG and two different peptides bound onto surface 
of gold nanoparticles so as to maximize their nuclear targeting performance and 
biocompatibility regarding the cell line of interest. Both optical microscopy and 
transmission electron microscopy (TEM) are used to confirm the targeted nuclear 
delivery of such peptide-conjugated biocompatible gold nanoparticles by showing their 
presence in the cancer cell nucleus. 
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Biomolecule-conjugated functional nanoparticles: Assembly, disassembly, and 
cutting 

Chuan-Jian Zhong, cjzhong@binghamton.edu.Department of Chemistry, State 
University of New York at Binghamton, Binghamton, NY 13902, United States 

The ability to harness the nanoscale structures is essential for exploring the functional 
properties of biomolecule-conjugated nanomaterials. This presentation describe a new 
strategy exploiting magnetic MnZn ferrite nanoparticles decorated with gold or silver on 
the surface to retain adequate magnetization while producing sufficient plasmonic 
resonance feature to impart surface-enhanced Raman scattering (SERS) function. The 
decoration of MnZn ferrite nanoparticles with Au or Ag was achieved by thermally-
activated deposition. Upon interparticle protein binding or double-stranded DNA linkage, 
the interparticle “hot-spots” are shown to enable real-time SERS monitoring of the 
assembly, disassembly, or enzyme cutting processes, where magnetic component 
provides an effective means for intervention of the biomolecular processes in the 
solution. The combination of the SERS "hot-spots" and the magnetic separation 



capability serves as a bifunctional nanoprobe for biomolecular recognition and 
intervention in a solution phase or on a flexible sensing device. 
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Near monolayer silane coated quantum dots 

Xi Zhang1, Ali Mohammad Jawaid1, Christina Marie Tyrakowski1, Ou Chen2, Adela 
Isovic1, Asra Hassan1, Preston Snee1, sneep@uic.edu.  (1) Chemistry, University of 
Illinois at Chicago, Chicago, Il 60607, United States  (2) Chemistry, MIT, Cambridge, 
MA 02139, United States 

A one step method to produce ∼10 nm hydrodynamic diameter water-soluble quantum 
dots by ligand exchange with a near monolayer of organosilane caps will be presented. 
The method cross-links the surface-bound silane ligands such that the samples are 
stable on the order of months under ambient conditions; furthermore, the samples retain 
a high quantum yield (60%) over this time. Several methods to functionalize aqueous 
QD dispersions with proteins and fluorescent dyes have been developed with reaction 
yields as high as 97%. 
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Discovery of “genetic codes” for abiological nanomaterials and demonstration of 
nano-encrypted Morse codes on DNA origami 

Yi Lu, yi-lu@uiuc.edu, Zidong Wang, Ngo Yin Wong, Hang Xing, Li Huey 
Tan.Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United 
States 

Two recent projects related to conjugation of biomolecules to interfaces and 
nanomaterials will be presented. First, discovery of the genetic code is one of the most 
important achievements in biology. A combination of different DNA or RNA bases could 
direct the synthesis of proteins with high complexity. Such a discovery has 
revolutionized modern molecular biology, biochemistry and chemical biology. Inspired 
by this pioneering work, we report discovery of DNA codes for fine control of the shape 
and morphology of gold nanoparticles during their synthesis using gold nanoprisms as 
seeds.1 Rules of shape control by difference DNAs and their combinations are 
summarized. These new DNA codes and rules can play an important role in rational 
design and synthesis of novel nanomaterials with predictive shape control. 

Second, while much work has been devoted to nanoscale assembly of functional 
materials on surfaces, selective reversible assembly of components in the nanoscale 
pattern at selective sites has received much less attention. Exerting such a reversible 
control will make it possible to fine-tune the functional properties of the assembly and 
surfaces and to realize more complex designs. By taking advantage of different binding 
affinities of biotin and desthiobiotin toward streptavidin, we demonstrate selective and 



reversible decoration of DNA origami tiles with streptavidin, including revealing an 
encrypted Morse code “NANO” and reversible exchange of uppercase letter “I” with 
lowercase “i”.2 We expect this versatile conjugation technique to be widely applicable 
with different nanomaterials and templates. Recent progresses in both projects will be 
presented.  

1. Zidong Wang, Longhua Tang, Li Huey Tan, Jinghong Li, and Yi Lu, Angew. Chem., 
Int. Ed. 51, 9078-9082 (2012). 

2. Ngo Yin Wong, Hang Xing, Li Huey Tan, and Yi Lu, J. Am. Chem. Soc. 135, 2931-
2934 (2013). 
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DNA-directed thiol-gold bonding for the formation of stable dimers and trimers of 
gold nanoparticles 

Wen Chen, wchen34@mail.gatech.edu, Zhijie Ma, Rekha R Avirah, Gary B 
Schuster.School of Chemistry and Biochemistry, Georgia Institute of Technology, 
Atlanta, Georgia 30066, United States 

The assembly of nanoparticles into ordered arrays has gained increasing interest 
because of its potential use in the construction of miniaturized electronic and optical 
devices. Among the methods for construction of nanoparticles, DNA-directed assembly 
is promising strategy due to its unique sequence-recognition and self-organizing 
properties. Despite substantial progress, limitations remain in the use of DNA for the 
construction of ordered arrays of nanoparticles. For example, the structural integrity of 
DNA is highly dependent on its environment. The stability of duplex DNA in an aqueous 
solution depends on pH, temperature and ionic strength. In this presentation, we show 
that stable dimers and trimers of gold nanoparticles (GNP) are formed by DNA-directed 
thiol-gold bonding. As shown in Scheme 1, GNP(A) and (B), each bearing one single-
stranded DNA oligomer, can form a dimer in the presence of a complementary linker 
DNA strand. The thiol groups on 5′ and 3′ end of linker react with the GNP forming thiol-
gold bonds. The thiol-gold bonding stabilizes the GNP dimer, therefore the linker DNA is 
not displaced by the addition of a fully complementary DNA strand. In contrast, the 
dimer connected by the unmodified DNA linker is decomposed by the addition of the 
displacing strand. Similarly, in the presence of linker DNA, stable GNP trimers can be 
formed from the assembly of GNP(A) and (C), in which particle (C) is linked to two 
single-stranded DNA oligomers. 
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Temperature-controlled assembly of DNA functionalized gold nanoparticles 

Brittany Dever1, dever@ualberta.ca, Hongquan Zhang2, Feng Li1, X. Chris Le1,2.  (1) 
Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, Canada  (2) Laboratory 
Medicine and Pathology, University of Alberta, Edmonton, Alberta T6G 2G3, Canada 

The use of nanoparticles as building blocks for the bottom up assembly of more 
complex nanostructures has become an important research area in nanoscience. Not 
only is it important to be able to control the spatial positioning of the nanoparticles, but 
also the sequence in which they assemble. The exquisite specificity of DNA 
complementary base pairing provides a tool to control the interactions of DNA-
functionalized nanoparticles and to form desirable structures. Here we describe the 
development of a technique to selectively control the assembly of DNA-functionalized 
gold nanoparticles (AuNPs). We have studied the effect of temperature on the assembly 
rate of DNA-linked AuNPs, and have observed a novel phenomenon, where the 
assembly rate was increased with the increase in assembly temperature up to a critical 
temperature (Tcrit). At temperatures higher than the Tcrit, the assembly rate was 
drastically reduced. Decreases in Tcrit values were observed when base mismatches 
were introduced into the assembling DNA sequences. On this basis, Tcrit values were 
used to sequentially assemble three different AuNPs functionalized with DNA that differ 
based on zero, one or two base mismatches with respect to the linking DNA. 
Furthermore, temperature-controlled assembly was applied to selectively detect a single 
nucleotide polymorphism (SNP) that conferred drug resistance in Mycobacterium 
tuberculosis. This SNP assay was homogenous and isothermal. It required only five 
minutes of incubation and a colorimetric readout. 
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Effect of single-stranded gaps and cation polarizability on the behavior of DNA-
modified gold nanoparticle aggregates linked by DNA duplexes 

Md Delwar H Sikder, mddelwar@ualberta.ca, Julianne M Gibbs-Davis.Department of 
Chemistry, University of Alberta, Edmonton, AB T6G 2G2, Canada 

DNA modified gold nanoparticles (GNP-DNA) are important materials in DNA sensing 
applications in part because they form colorimetrically detectable aggregates upon 
hybridization with target DNA sequences. Such aggregates undergo very sharp thermal 
dissociation that is useful in detecting single base pair mutations with greater selectivity. 
One proposed mechanism for the sharp dissociation indicative of cooperative behavior 
is the formation of a high local cation concentration in the aggregate that becomes 
shared between rigidly confined neighboring duplexes. In our first study, we investigated 
the effect on this shared-ion cloud of introducing flexible single stranded gaps into the 
aggregates as these gaps are important in genomic DNA detection. Varying the length 
of thymidine gaps in the GNP-DNA aggregates affected both cooperativity and 
aggregate size. Our study indicated that a single nucleotide gap was enough to disrupt 
the shared cation cloud and decrease the extent of cooperativity, which has implications 
for assay selectivity. This study also revealed that increasing the length of the single 
stranded gap decreased the aggregate formation rate due to increasing flexibility in the 
DNA structure. As cooperativity is proposed to stem from the shared cation cloud, we 
also explored the effect of cation size (Li+, Na+, K+, and Cs+) on cooperativity and 
aggregate size. We observed that Li+ stabilized the GNP-DNA aggregates to higher 
temperatures, similar to free DNA in solution, and promoted more rapid hybridization 
and formation of larger aggregates. In contrast, the largest cation, Cs+, led to the 
greatest cooperativity among the smaller cations. The origin of these effects will be 
discussed. 
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Directed irradiation synthesis of multifunctional nanostructured bioactive 
surfaces 

Jean Paul Allain, allain@purdue.edu.Purdue University, West Lafayette, Indiana 
47907, United States 

Nanotopography is an important factor in the adhesion, differentiation, and proliferation 
of cells in tissue engineering. Directed irradiation synthesis (DIS) has been used to 
create nanostructures on the surfaces including: metals, semiconductors, and polymers. 
DIS is a novel method that allows for the tuning of surface nanoscale topography and 
surface chemistry. Nanopatterning on biointerfaces is considered in this talk in the 
context of irradiation-driven strategies that enhance the functionality and 
biocompatibility of a variety of nanocomposites that include: nanocellulose composite 
(CNC), nano-fibrillated cellulose (NFC), graphene oxide; combined with inorganic 
metals such as Au and Pd nanoparticles and magnetic nanoparticles. 
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Probing effects of gravity and bulk phase separation on the interfacial properties 
of complex biological systems 

Richard A Campbell1, campbell@ill.eu, Anna Åkesson2, Vivien Jagalski2, Marité 
Cárdenas2.  (1) LSS Group, Institut Laue-Langevin, Grenoble, Isere 38000, France  (2) 
Department of Chemistry, University of Copenhagen, Copenhagen, Denmark 

Supported Lipid Bilayers (SLBs) are important substrates for the study of interactions 
involving biological molecules such as drugs, DNA, proteins and nanoparticles. SLBs 
are commonly employed in studies using non-invasive surface-sensitive techniques 
such as neutron reflectometry (NR). We have widely investigated the interaction of 
PAMAM dendrimers with lipid vesicles and SLBs using NR and have found 
contradictory results depending on whether the interface under examination is located 
above or below the bulk liquid. Recently we have carried out work involving a novel 
comparison of neutron reflection up vs down measurements on the same samples, 
which demonstrated that phase separation and gravity massively influence the 
interfacial properties according to the location of the interface. In Figure 1, mixtures of 
PAMAM dendrimers with 9:1 POPC/POPG vesicles resulted in the production of a 
lamellar phase on the top surface and a floating bilayer on top of dendrimer molecules 
on the lower surface. Issues concerning (1) the role of bound vesicles, (2) the influence 
of the charge of the substrate and (3) the underlying mechanism of surface 
nanostructure formation will be discussed. This work demonstrates that a better 
understanding of the effects of gravity is required in order to interpret correctly 
experimental results concerning the interfacial properties of complex mixed biological 
systems. 
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Surface coating of sensor materials using poly(2-ethyl-2-oxazoline) based 
polymers for the prevention of biofilm formation 

Lutz Tauhardt1,2, David Pretzel1,2, david.pretzel@uni-jena.de, Michael Gottschaldt1,2, 
Ulrich S Schubert1,2.  (1) Laboratory of Organic and Macromolecular Chemistry, 
Friedrich-Schiller-University Jena, Jena, Thuringia 07743, Germany  (2) Jena Center for 
Soft Matter, Friedrich-Schiller-University Jena, Philosophenweg 7, Thuringia 07743, 
Germany 

Introduction: Long term sensor systems for monitoring of fresh and sea water quality 
measuring parameters such as pH typically suffer from a permanent biofilm formation 
on the sensoric part which leads to a malfunction or complete failure of the devices. A 
wide range of anti-fouling concepts has been developed in the past decades. To 
overcome certain disadvantages of the common strategies, e.g. the application of 
biocidal formulations with environmental drawbacks or the poor mechanical properties 
of coatings in µm range, an alternative approach to prevent or reduce the adhesive 
binding of biofilm forming organisms in aqueous solutions was investigated. 
Experimental: Here, we describe the synthesis and characterization of amine 
endcapped poly(2-ethyl-2-oxazoline)s (PEtOx) with different molar masses (2000-8000 
g/mol) and their grafting onto a glass surface via different linker molecules, and the 
characterization of the resulting thin polymer films. The ability of the coatings to prevent 
a biofilm formation and the settlement behavior of fresh water fouling organisms was 
evaluated by incubation with synthetic river water containing a mixture of 5 different 
types of fresh water microorganisms. The biological results showed that the PEtOx 
coatings exhibited excellent antifouling properties with respect to the settlement of 
biofilm forming microorganisms.  

 
 

Figure 1: PEtOx-modified surfaces prevent biofilm formation  

Based on these results, a promising antifouling concept, making use of thin 
biocompatible PEtOx coatings, was developed. However, further long term stability and 
functionality tests are required. 
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Determining surface properties and tracking therapeutic delivery from nitric oxide 
polymers 

Jessica M. Joslin1, joslinjm@alumni.adams.edu, Sarah M. Lantvit1, Melissa M. 
Reynolds1,2.  (1) Department of Chemistry, Colorado State University, Fort Collins, CO 
80523, United States  (2) School of Biomedical Engineering, Colorado State University, 
Fort Collins, CO 80523, United States 

Since the advent of nitric oxide (NO)-releasing materials for bioapplications, one system 
of interest has consisted of S-nitrosoglutathione (GSNO) donor-blended polymers. 
Multiple polymer systems have incorporated blends of GSNO toward the ability to 
generate NO under physiological conditions. While these GSNO-blended polymers 
have demonstrated vasodilatory effects that correlate directly with NO dosages, 
significant diffusion of GSNO from the material matrix has been noted repeatedly. 
However, there has been no investigation regarding whether the quantified NO is 
coming from GSNO decomposition in the material phase or from the solution phase due 
to the GSNO leachate. If a localized NO effect is desired at the material-biology 
interface, the NO release must occur directly from the material surface. It is therefore 
critical to evaluate if GSNO-blended materials exhibit NO release predominantly from 
the material or the soaking solution phase. Additionally, the diffusion of the GSNO in the 
polymer matrix could lead to significant changes in surface properties, which will impact 
the interaction of the material with biological components. Herein, we present the 
evaluation of a GSNO-blended Tygon film. We quantify the amount of donor leached 
into solution and, coupled to total parent thiol (GSH) and NO measurements, are able to 
determine which phase experiences the predominant NO release. Additionally, an 
investigation of the surface properties before and after material soaking gives insight 
into how these processes can affect the material-biology interface. Overall, this work 
enables full characterization of an important class of NO-releasing biomaterials towards 
the ability to achieve controllable NO release properties. 
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Electric double layer formed by polarized ferroelectric thin films: Implications for 
sensing and colloidal manipulation in aqueous media 

Robert Ferris1, Benjamin Yellen1,2, Stefan Zauscher1, zauscher@duke.edu.  (1) 
Mechanical Engineering and Materials Science, Duke University, Durham, NC 27708, 
United States  (2) University of Michigan-Shanghai Jiao Tong University, Joint Institute, 
Shanghai, China 

Ferroelectric surfaces can have very high surface charge densities that can be 
harnessed for manipulation of charged colloidal particles and soft matter in aqueous 
environments. Here, we report on the electrical double layer (EDL) formed by polarized 
ultra-smooth lead zirconium titanate (US-PZT) thin films in dilute electrolyte solutions. 



Using colloidal probe force microscopy (CPFM) measurements we show that the ion 
distribution within the double layer can be changed by reversing the ferroelectric 
polarization state of US-PZT. The interaction force in dilute 1:1 electrolyte solution 
between the negatively charged probe and a positive surface charge (upwards 
polarized) US-PZT thin film is attractive, while the interaction force is repulsive for a 
negative surface charge (downwards polarized) film. We modeled these interactions 
with a constant-potential EDL model between dissimilar surfaces with the inclusion of a 
Stern layer. We report the surface potentials at the inner and outer-Helmholtz planes, 
the effects of free-charge carriers, limitations of the analytical model, and effects of 
surface roughness. Finally, we demonstrate the selective deposition of charged colloidal 
particles onto oppositely charged regions of our ferroelectric US-PZT. Our results are 
the first to quantify the interactions between polarized FETFs and colloidal materials, 
and highlight the potential of FETFs for applications in guided deposition and bio-
interfacial sensing devices. See also: ACS Applied Materials & Interfaces, DOI: 
10.1021/am3031954. 
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Biological responses to surface chemistry, wettability, and topographical 
changes induced by directed irradiation synthesis for application in biosensors 
and biomedical devices 

Emily C. Gordon1, ecgordon@purdue.edu, Sandra L. Arias2, Juan Pavón1,2,3, Jean 
Paul Allain1,2.  (1) Department of Nuclear Engineering, Purdue University, West 
Lafayette, Indiana 47906, United States  (2) Birk Nanotechnology Center, Purdue 
University, West Lafayette, Indiana 47906, United States  (3) Department of 
Bioengineering, University of Antioquia, Medellín, Antioquia 1226, Colombia 

When selecting a material for biomedical implants or biological sensing applications, 
protein and cellular responses from molecular to cellular scales to the foreign material 
needs to be understood. In the design of surface acoustic wave biosensors the 
immobilization of the biological receptor will dictate the efficiency of detection. There are 
several surface properties of materials that have been shown to have an effect on 
biological responses, including chemical composition, topography, and wettability. In 
this study, directed irradiation synthesis (DIS) was applied under a variety of conditions 
to selected biocompatible materials to decipher the property-process relationship and 
concurrent cellular response. Conditions varied with DIS include: incident energy, 
species, ion fluence, and angle of incidence. Material properties DIS has been shown to 
effect are surface chemistry, topography, and wettability. The surface chemistry was 
examined using x-ray photoelectron spectroscopy (XPS), topography using atomic force 
microscopy (AFM) and scanning electron microscopy (SEM), and wettability by 
performing sessile contact angle measurements. The materials used in this study 
included Ni, NiTi, Si, and thin films of Au, AuPd and Co deposited onto Si wafers. A 
reduction in contact angle was seen for the bare Si, Ni, and NiTi samples, whereas and 
increase was seen for the thin film samples of Co, Au, and AuPd. The roughness 
measurements showed a decrease in roughness for Co (4.03 nm to 1.98 nm) and an 



increase in roughness for Au and AuPd samples (8.12 nm to 24.3 nm and 1.48 to 20.7 
nm respectively). The contact angle increased on all of the irradiated thin film samples 
by at least 20° and decreased on irradiated NiTi and Ti samples by around 10° and 20° 
respectively. These properties were then compared to cellular adhesion studies using 
SEM and fluorescent microscopy. 
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Application of spectroscopic ellipsometry for thin film thickness determination on 
curved surface samples 

Zhicheng Xiao1, xiaozh@lilly.com, Xia Dong1, Jonny Hoglund2, Alexis Bondaz2.  (1) Eli 
Lilly and Company, Indianpolis, Indiana 46285, United States  (2) Semilab USA, 
Billerica, MA 01821, United States 

This report described the modification of a conventional Semilab/Sopra GES5E 
ellipsometer, which enables the thickness measurement of thin film on a curved surface 
from back side. This is important because it has some important implications for real-life 
industrial applications, such as measurement of lubricant thickness on drug containers. 
To examine the applicability of the instrument and method developed, we prepared a 
set of glass tubes samples with different curvatures and coated them with aluminum 
oxide via atomic layer deposition (ALD). We used the modified instrument and 
developed a method to determine the thickness of the aluminum oxide films coated and 
demonstrated that the modified instrument can be applied for measuring thickness of 
sub-micron film on curved surfaces. The sensitive and accuracy of the method 
developed and the effect of curvature on measurement will be discussed accordingly. 
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Surface modification of bioresorbable metals through directed irradiation 
synthesis 

Emily K Walker1, walke120@purdue.edu, Emily Gordon2, Lia Stanciu1,4, Eric 
Nauman4,3, Jean Paul Allain1,2.  (1) Department of Materials Engineering, Purdue 
University, West Lafayette, Indiana 47907, United States  (2) Department of Nuclear 
Engineering, Purdue University, West Lafayette, Indiana 47907, United States  (3) 
Department of Mechanical Engineering, Purdue University, West Lafayette, Indiana 
47907, United States  (4) Department of Biomedical Engineering, Purdue University, 
West Lafayette, Indiana 47907, United States 

In many medical device applications, a permanent implant is not required and may 
actually cause negative tissue effects in the long term. For this reason, materials for 
implantation that will provide short-term support for the tissue during healing without any 
negative systemic or local tissue effects are desirable. Metals are particularly attractive 
in terms of mechanical properties. Metals naturally present in the body have been 
considered for medical device applications as they are well tolerated in vivo. Pure iron 



and magnesium have been explored for implant materials, but the degradation times 
are very long and very short, respectively. Alloys of iron (Fe) and manganese (Mn) are 
interesting candidates for resorbable orthopedic and vascular implants in terms of their 
hemocompatibility, mechanical properties, and degradation rates. In this study, we seek 
to create nanostructured FeMn surfaces that will improve cell adhesion and proliferation 
in order to accelerate healing, thus allowing a more rapid degradation of the implant 
material. Nanoscale topographical features and surface chemistry have been shown to 
influence endothelial cell adhesion and proliferation. Directed irradiation synthesis (DIS) 
can be used to create nanoscale features on the surfaces of these materials, as well as 
to modify the surface chemistry. Bulk samples of FeMn alloys are modified through 
simultaneous magnetron sputter deposition of Fe and Mn and energetic argon (Ar+) ion 
irradiation. The surface chemistry of the modified FeMn samples is characterized with x-
ray photoelectron spectroscopy (XPS) and goniometry, and the surface morphology is 
assessed with scanning electron microscopy (SEM). 
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Mineral transformations in supercritical CO2 containing systems: The formation 
of magnesite at low temperature 

Andrew R Felmy, Eugene S. Ilton, Eugene.Ilton@pnnl.gov, Odeta Qafoku, Jian Z. Hu, 
John H. Loring..Fundamental & Computational Sciences Directorate, Pacific Northwest 
National Laboratory, Richland, WA 99352, United States 

The capture and storage of carbon dioxide and other greenhouse gases in deep 
geologic formations represents one of the most promising options for mitigating the 
impacts of greenhouse gases on global warming. As a result there has been a focus on 
evaluating mineral-fluid interaction for subsurface CO2 storage in aqueous solutions in 
contact with supercritical CO2 (scCO2). One of the key factors in evaluating mineral-fluid 
interactions is the potential for the formation of divalent metal carbonates, principally Ca 
and Mg phases, which can sequester the disposed CO2 as mineral precipitates. 
Unfortunately, the formation of some of these phases, especially the anhydrous phases 
such as magnesite (MgCO3), has been hindered by their well known sluggish 
precipitation kinetics owing to the strong hydration energy of the aqueous Mg2+ ion. The 
issue of understanding the precipitation of magnesite is one that may prove pivotal in 
the development of efficient carbon sequestration techniques. We have recently 
become the first to discover the formation of magnesite at low temperatures (as low as 
350C). In this presentation we will present recently obtained experimental data on the 
formation of magnesite at low temperature. These studies were conducted over a range 
of temperature, pressure, pH, and initial Mg(HCO3)2 concentration to map out the 
specific solution phase conditions which result in nucleation of magnesite in both 
aqueous solution and in water surface films created by exposure of mineral surfaces to 
water saturated scCO2. 
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Plasmoelectric potentials in colloidal Ag and Au nanoparticles 

Matthew Sheldon, msheldon@caltech.edu, Ana Brown, Harry Atwater.Department of 
Materials Science and Applied Physics, California Institute of Technology, Pasadena, 
California 91125, United States 

The resonant plasmonic properties of metallic nanostructures depend strongly on 
charge carrier density. While researchers have reported shifts of the resonant 
absorption frequency of plasmonic nanostructures due to electrostatically induced 
changes of charge density, the converse —the dependence of charge density and 
electrostatic potential on optical absorption— has been largely overlooked. Here, we 
report a theoretical framework and provide experimental evidence for a 'plasmoelectric 
effect', a newly described mechanism for generating electrochemical potentials in 
plasmonic nanostructures via narrowband absorption. A simple thermodynamic model 
shows that, unlike the more familiar thermoelectric or photovoltaic effects, the 
magnitude and sign of the plasmoelectric potential depends on the frequency difference 
between the plasmon resonance and incident radiation. 

We experimentally test our predictions by characterizing the electrical and optical 
response of colloids of monodisperse Au or Ag nanoparticles spin-cast on ITO films. 
Scanning Kelvin probe force microscopy (KPFM) determines the surface potential of 
device structures while varying the frequency of incident radiation near the plasmon 
resonance. Under 1000 mW cm-2 single-frequency illumination, we measure induced 
potentials of ± 15 mV from 60 nm Au particles, with a characteristic sign change for 
illumination blue or red of the particle absorption maximum. Additionally, power and 
frequency-dependent increases of optical absorption from samples under 
monochromatic illumination indicate shifts of the plasmon resonance when compared 
with the spectral response of samples under white light illumination. We observe clear 
evidence for the size-dependent and frequency-dependent trends consistent with our 
theoretical framework, providing deeper mechanistic insight and highlighting potential 
applications of this plasmoelectric effect for optoelectronic and photoelectrochemical 
power conversion. 
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Improving the uniformity and stability of precious metal fuel cell catalysts 

Arrelaine A. Dameron1, arrelaine.dameron@nrel.gov, Svitlana Pylypenko2, Justin B. 
Bult1.  (1) National renewable Energy Laboratory, CO 80401, United States  (2) 
Colorado School of Mines, CO 80401, United States 

Improving anode and cathode catalysts to maximize their mass and specific activities is 
critical to the commercialization of fuel cells. Here we present our work targeting 
supported Pt and Pt alloy catalysts with improved mass activities and durability 
fabricated by combining sputtering, chemical vapor deposition and atomic layer 
deposition techniques. Furthermore, we discuss approach to improve catalyst durability 



and ultimately catalyst lifetime that focuses on improving catalyst-support interactions 
through targeted functionalization of support material. 

Deposition of high surface energy materials onto low surface energy materials, as often 
needed for precious metal catalysts (Pt alloys on C), can be uniquely challenging 
because the support surface opposes nucleation and wetting of a higher surface energy 
material. We address this challenge with three strategies: 1) modification of the low 
surface energy materials 2) replacement of the low surface energy material with a 
higher surface energy material, and 3) by reversing the deposition order so that the 
matrix is deposited onto the catalyst.  

An attractive approach to improve catalyst-support interactions and to decrease catalyst 
degradation is through the introduction of a dopant to the support matrix. We will 
discuss our recent findings using carbon supports functionalized with nitrogen via ion 
implantation. 

In addition to modifying the chemical properties of the supports, we are developing 
methods to circumvent the problem of nucleation on low surface energy carbon 
supports. We explore deposition of Pt onto a higher surface energy tungsten material to 
generate thin Pt ALD shells on W particles. We have also developed a strategy to 
deposit the carbon support into the Pt by first templating ALD Pt tubes in anodic alumina 
pores. Upon removal of the oxide template, the Pt-based catalysts are supported on the 
carbon matrix and retain the templated morphology. 
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Organic nanogenerators as new energy technology 

Zhong L. Wang, zhong.wang@mse.gatech.edu.School of Materials Science and 
Engineering, Georgia Institute of Technology, Atlanta, GA 30332-0245, United States 

The triboelectric nanogenerator (TENG) is fabricated by stacking two polymer sheets 
made of materials having distinctly different triboelectric characteristics, with metal films 
deposited on the top and bottom of the assembled structure [1]. Once subjected to 
mechanical deformation, a friction between the two films, owing to the nano-scale 
surface roughness, generates equal amount but opposite signs of charges at two sides, 
respectively. Thus, a triboelectric potential layer is formed at the interface region if the 
generated triboelectric charges are separated by a small distance; the electrons in the 
external load are driven to flow for generating an induced potential for screening the 
triboelectric potential. This is the mechanism of the trioboelectric nanogenerator. 
Triggered by commonly available ambient mechanical energy such as human footfalls, 
a NG with size smaller than a human palm can generate maximum short-circuit current 
of 2 mA, delivering instantaneous power output of 1.2 W to external load. The power 
output corresponds to an area power density of 313 W/m2 and a volume power density 

of 54,268 W/m3 at an open-circuit voltage of ∼1200 V. The power was capable of 



instantaneously lighting up as many as 600 multi-color commercial LED bulbs. [2-5]. 
TENGs have the potential of harvesting energy from human activities. 

COLL 469 

Magnetocapacitance in magnetic microtubular nanocomposites 

Jiahua Zhu, jhzhu.yzu@gmail.com, Suying Wei, Zhanhu Guo.Dan F Smith Department 
of Chemical Engineering, Lamar University, Beaumont, TX 77710, United States 

Magnetic microtubular carbon nanocomposite fabrics decorated with uniformly 
distributed metal oxides (iron, cobalt and nickel oxides) have been successfully 
fabricated via microwave-assisted and conventional annealing processes. These fabrics 
could serve as flexible electrodes for supercapacitors to deliver high specific 
capacitance and exhibit excellent cycling stability. External magnetic field (0.072 T) 
could either increase or decrease the capacitance in significant degree depending on 
the decorated metal oxide species and annealing method. The corresponding 
mechanism has been interpreted in term of a synergistic effect of the 
magnetoresistance (MR) phenomena on the electrode and the magnetic field induced 
electrolyte convection on electric double layer at the electrode/electrolyte interface. 

COLL 470 

Future of portable power for DoD personal power hotspots and the need for new 
chemistries in portable systems 

Brian Holloway, brian.holloway@darpa.mil, Patrick McGrath.Defense Sciences Office, 
DARPA, Arlington, VA 22203, United States 

The Defense Advanced Research Projects Agency (DARPA) is the premier research 
and development office for the U.S. Department of Defense (DoD). DARPA's mission is 
to maintain technological superiority of the U.S. military and prevent technological 
surprise from harming our national security. As part of that mission, DARPA has made 
several investments in power and energy technologies to increase the effectiveness and 
decrease the logistics burden for DoD operations. In this talk, I will present recent 
results from DARPA programs that show the path to a new concept in portable power 
and energy for DoD. With new DARPA-developed technologies, individual Soldiers and 
Marines can become their own power “hotspots” – able to wirelessly power any 
equipment with any power source. This concept is built on three key components: 
power sources that move us beyond the energy density limitations of batteries, wireless 
power distribution to deliver power to equipment distributed around the individual 
Solider or Marine, and hybridization schemes to ensure that power is always available 
to meet the highly transient and variable loads for each piece of equipment. DARPA has 
proven viability for each of these key components, but several challenges remain. In this 
talk, I will discuss the considerable challenges for developing the next-generation of 
portable power sources for DoD – seeking to maximize mission endurance and 



minimize weight, all while reducing the overall DoD logistics burden. It will require 
creativity from many communities to address these challenges, and it is critical to have 
the interest and involvement of ACS members now in order to ensure superiority for our 
Soldiers in Marines in the future. 

COLL 471 

Synthesis and integration of multicomponent nanomaterials 

Hua C. Zeng, chezhc@nus.edu.sg.Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore City, Orchard Road 119260, 
Singapore 

Discrete nanostructures have a limited scope of applications, due to potential 
cytotoxicity and difficulty in separation and recovery after use. Furthermore, a functional 
nanostructure nowadays is normally not a single-phase solid, but a highly organized 
multicomponent materials system. To prepare such complex nanomaterials, 
architectural aspects of design and synthesis need to be addressed, because the ways 
of compositional and structural organizations in the final products will give profound 
impacts on their ultimate performance. Therefore, our recent research efforts are mostly 
directed to development of chemical methods for integrative organization of functional 
materials into complex nanostructures, which will be the subject of this presentation. We 
have recently synthesized a range of functional nanostructures with architectural 
designs. In particular, chemical and structural transformations were often employed in 
our processing steps in liquid media under mild reaction conditions.1-5 Similar to 
organic synthesis, for example, various molecular modifications of solid surfaces were 
utilized in our synthetic processes in order to create steric hindrance effects, binding 
interactions, and control of surface reactivity for directional growth and organization of 
nanomaterials.1-5 To make composite nanostructures usable in real reaction 
environments, for instance, new synthetic strategies for multicomponent nanomaterials 
with permanent engagement among primary building units have been developed. Tiered 
integrations among different components have also been addressed in several model 
systems, including architecture of porosity and interior space. 

1. H. C. Zeng, Acc. Chem. Res. 46 (2013) 226-235. 

2. S. L. Xiong and H. C. Zeng, Angew. Chem., Int. Ed. 51 (2012) 945-952. 

3. C. C. Li and H. C. Zeng, J. Am. Chem. Soc. 134 (2012) 19084-19091. 

4. J. Dou and H. C. Zeng, J. Am. Chem. Soc. 134 (2012) 16235-16246. 

5. M. L. Pang, A. J. Cairns, Y. L. Liu, Y. Belmabkhout, H. C. Zeng and M. Eddaoudi, J. 
Am. Chem. Soc. 134 (2012) 13176-13179. 

COLL 472 



Trends in electrocatalysis: From extended to nanoscale surfaces 

Guofeng Wang, guw8@pitt.edu.Department of Mechanical Engineering and Materials 
Science, University of Pittsburgh, Pittsburgh, PA 15261, United States 

Use of computer simulation to design optimized electrodes for fuel cells. 

COLL 473 

Growth and form of anisotropic colloidal gold nanocrystals 

Catherine J. Murphy, murphycj@illinois.edu.Department of Chemistry, University of 
Illinois at Urbana-Champaign, Urbana, IL 61801, United States 

Gold nanocrystals in the 10-200 nm size range are of great interest for many optical 
applications. Control of nanocrystal shape leads to control of optical properties. In this 
talk, various ideas of how these crystals grow will be presented, with supporting 
evidence for each. Nanobeam electron diffraction data can be used to infer complex 
geometries for multistarred nanocrystals. 

COLL 474 

Cryo-TEM characterization of gold nanorod growth in solutions of CTAB with 
trace Ag+ 

Nathan D. Burrows1,2, nburrows@illinois.edu, Stefano Boulos2, Alaaldin M. Alkilany3, 
R. Lee Penn1, Catherine J. Murphy2.  (1) Department of Chemistry, University of 
Minnesota, Minneapolis, Minnesota 55455, United States  (2) Department of Chemistry, 
University of Illinois at Urbana Champaign, Urbana, Illinois 61801, United States  (3) 
Department of Pharmaceutics & Pharmaceutical Technology, The University of Jordan, 
Amman, Jordan 

Gold nanorods can be synthesized through a wet-chemical seed-mediated approach 
employing a shape-directing surfactant, cetyltrimethylammonium bromide (CTAB). By 
varying tiny quantities of silver nitrate in the growth solution, the aspect ratio of the 
nanorods can be finely tuned thereby shifting the longitudinal plasmonic peak from 
about 600 nm to about 900 nm. However, much debate remains as to the mechanism of 
growth and the role of CTAB. Various proposals include a soft template method by 
micelles of CTAB as well as an adsorption based zipper mechanism of growth. Here we 
present a cryogenic transmission electron microscopy study of the process of gold 
nanorod formation with varying concentrations of silver nitrate. 

COLL 475 

SERS response of gold clusters 



María Fernanda Cardinal, fernanda.cardinal@northwestern.edu, Richard P. Van 
Duyne.Chemistry, Northwestern University, Evanston, Illinois 60208, United States 

In this work, we investigate the synthesis and performance of silica-coated gold clusters 
as Surface-enhanced Raman spectroscopy (SERS) substrates. The fabrication of 
tunable and robust SERS substrates1motivated our work. The ensemble SERS 
response of gold clusters for different Raman probes is investigated with a commercially 
available portable Raman equipment. 

Gold nanospheres were synthesized through the seeded growth method2 and/or 
through the Turquevich method3. Subsequently, the gold nanoparticles were washed 
and functionalized with a linker, a Raman probe and a silane coupling agent. After silica 
coating, the samples are washed and characterized with UV-visible spectroscopy and 
transmission electron microscopy (TEM). In Figure 1, we observed the spectra of the 
gold nanospheres before and after triggering their assembly and with TEM images we 
can confirm clusters formation. 

Finally, the optical enhancing properties of gold clusters is measured with a 785 nm 
laser line and the enhancement factor is estimated. 
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[1] Kleinman, S. L.; Frontiera, R. R.; Henry, A.-I.; Dieringer, J. A.; Van Duyne, R. P., 
PCCP2013, 15 (1), 21-36. 

[2] Rodríguez-Fernández, J.; Pérez-Juste, J.; García de Abajo, F. J.; Liz-Marzán, L. M., 
Langmuir2006, 22 (16), 7007-7010. 

[3] Bastus, N. G.; Comenge, J.; Puntes, V., Langmuir 2011, 27 (17), 11098-105. 



COLL 476 

Patchy particles: From striped domains to Janus and beyond 

Francesco Stellacci, francesco.stellacci@epfl.ch.Institute of Materials, EPFL, 
Lausanne, Switzerland 

When mixtures of dislike thiolated molecules are co-assembled to form a monolayer on 
flat Au surfaces there is a well characterized separation in domains. A similar effect 
happens when these mixtures are assembled on gold nanoparticles. Using high 
resolution scanning tunneling microscopy images we will show that depending on the 
interfacial configurational entropy it is possible to achieve either stripe like domains or 
Janus-type arrangement. It will also be shown that thera are specific signatures of these 
arrangements in the NMR spectra of these particles. Structure-property relationships 
will be presented. 

COLL 477 

Stimuli-responsive polymer-functionalized gold nanoprisms as highly sensitive 
plasmonic nanosensors 

Gayatri K Joshi1, gkjoshi@iupui.edu, Kimberly A Smith1, Merrell A Johnson2, Rajesh 
Sardar1.  (1) Department of Chemistry and Chemical Biology, Indiana University Purdue 
University Indianapolis, Indianapolis, IN 46202, United States  (2) Department of 
Physics, Indiana University Purdue University Indianapolis, Indianapolis, IN 46202, 
United States 

Stimuli-responsive polymer responds to the temperature and pH changes by 
undergoing a phase transition by shrinking and swelling of the conformational state. The 
reversible phase transition of these kinds of polymers makes them important candidates 
for different applications such as sensors, bioaffinity, and tissue engineering. When a 
stimuli-responsive polymer attaches to the Nobel metal nanoparticle's surface, it 
controls the sensitivities of the metal nanostructures by influencing the local dielectric 
environment of the surrounding. Therefore, an improved plasmonic system with 
constant and reversible modulation of plasmonic response can be achieved by using 
stimuli-responsive polymer as a surrounding medium of metal nanoparticles. Herein, we 
develop ultra sensitive plasmonic nanosensors based on chemically synthesized 
anisotropic nanostructure; gold nanoprism functionalized with pH and temperature 
responsive polymers such as poly (allylamine) (PAA), and poly (allylamine 
hydrochloride)-co-poly (N-isopropylacrylamide) (PAH-co-PNIPAM). It was found that 
both plasmonic nanosensors were highly sensitive, stable, and displayed high 
reversibility. This suggests that the plasmonic nanosensors based on stimuli-responsive 
polymers could potentially be used as a reversible switch to control the dielectric 
environment of the gold nanoprisms, and help tune the LSPR optical properties of gold 
nanoprisms by changing the temperature and pH. The pH responsive plasmonic 
nanosensor was successfully applied for the detection of glucose in bovine plasma. 



COLL 478 

Looking inward and branching outward: Optical properties of branched 
nanocrystals with controllable interior and exterior features 

Christopher J DeSantis, cdesanti@indiana.edu, Sara E Skrabalak.Department of 
Chemistry, Indiana University, Bloomington, IN USA, United States 

Contemporary nanosynthesis provides access to structures with unprecedented control 
of size, shape, and composition, which allows for modifiable nanoscale properties to be 
highlighted. Branched metal nanocrystals are of particular significance on account of 
their sharp tips, which can concentrate the electric field near their surfaces upon the 
resonant excitation of plasmons. This feature is central to surface-enhanced Raman 
spectroscopy (SERS), and branched metal nanocrystals also display high sensitivity to 
changes in refractive index (RI). However, most procedures to branched nanocrystals 
offer little control over structure and composition, but as will be shown, seed-mediated 
co-reduction addresses this limitation by providing access to branched Au-Pd 
nanocrystals with tailorable interior compositions and defined exterior branching 
symmetries. Both the exterior symmetry and interior composition contribute to the 
positions of their localized surface plasmon resonances (LSPRs) and overall RI 
sensitivities. These results demonstrate the remarkable versatility of branched 
nanostructure synthesis toward tailored colloidal plasmonic platforms. 

COLL 479 

Asymmetric surface functionalization for assembly of plasmonic antennas and 
direction of molecules into regions of enhanced fields 

Aixiang Liu, Jong-Won Park, Rebecca Goldstein, Jennifer S. Shumaker-Parry, 
shumaker-parry@chem.utah.edu.Department of Chemistry, University of Utah, Salt 
Lake City, UT 84112, United States 

Plasmonic nanoantennas provide an opportunity to manipulate light within nanoscale 
volumes. One approach to creating plasmonic antennas is to organize metal colloids to 
produce assemblies where coupled localize surface plasmons lead to enhanced optical 
near fields. Although synthesis of metal colloids is straight forward due to the extensive 
number of methodologies that have been developed, controlled organization of the 
particles remains a challenge. Based on a need for more general methodologies to 
control nanoparticle assembly, we developed a surface functionalization process based 
on spatial localization of ligands on the surface of metal nanoparticles. This surface 
templating process produces a nanoparticle with an asymmetrically functionalized 
surface, similar to a Janus particle. One type of molecule covers most of the 
nanoparticle surface, while a second molecule is spatially localized in a small area on 
the particle surface. We have expanded our asymmetric functionalization approach to 
incorporate a wide range of surface ligands, including organic linkers, polymers, and 
DNA. As the surface chemistry of the nanoparticle is manipulated, the stability of the 



colloids can be compromised. We will discuss the combination of polymers for 
stabilization and spatially localized ligands for controlled assembly of plasmonic 
nanoparticles. Particularly, DNA-based assembly using a simple asymmetric 
functionalization approach will be described. We investigated three parameters of the 
assembly process to control the size of the nanoparticle assemblies and the optimal 
conditions for high assembly yield combined with long term stability. Directing molecules 
of interest to regions of enhanced near fields in the assemblies will be demonstrated. 
The asymmetric functionalization method will have broad impact on improved colloid 
stability and the ability to control assembly of metal nanoparticles for plasmonic antenna 
applications. 

COLL 480 

Interactions of soft-particles (vesicles, etc.) in complex fluid systems 

Jacob Israelachvili, jacob@engineering.ucsb.edu, Steve Donaldson, Saurabh Das, 
Matthew Gebbie, Michael Rapp.Department of Chemical Engineering, University of 
California Santa Barbara, Santa Barbara, CA 93106-5080, United States 

We review recent experimental measurements of the forces, coupled to (for example, 
cryo-TEM) imaging of surfactant SUVs and MLVs interacting with each other and with 
various inorganic oxide or polymer surfaces, both with and without polyelectrolyte and 
surfactant (detergent) “additives” in the solution. These systems and their interactions 
are much more complex and subtle than those of traditional hard or elastic colloidal 
particles, and involve DLVO, hydration, hydrophobic, Coulombic and polymer-mediated 
interactions, as well as deformations, coalescence, slow structural rearrangements, 
various relaxation processes of charges (ion and water exchanges and diffusion through 
bilayers) and/or high MW polymers. Our results are relevant to understanding both 
biological and non-biological systems, the latter including vesicle suspensions, fabric 
softeners, shampoos, conditioners, creams, and food products. 

COLL 481 

Activated dynamics, kinetic arrest, elasticity, and yielding in dense colloidal 
suspensions 

Ken Schweizer1, kschweiz@illinois.edu, Rui Zhang2, Ryan Jadrich1.  (1) Departments 
of Materials Science and Chemistry, University of Illinois, Urbana, IL 61801, United 
States  (2) Department of Materials Science, Northwestern University, Evanston, IL, 
United States 

Dense suspensions and mixtures of particles of various shapes and tunable interactions 
find diverse applications in materials science and engineering. We have developed 
microscopic statistical mechanical theories for the intermittent activated and coupled 
translational-rotational dynamics of uniaxial colloids as a function of aspect ratio, 
strength of attractions, and degree of chemical heterogeneity (Janus colloids) under 



both quiescent and strongly deformed conditions. Criteria for the emergence of 
nonequilibrium gels, attractive glasses, repulsive glasses and plastic glasses, and their 
elastic properties and stress-driven yielding behavior, have been studied. Predictions for 
how repulsive force caging, physical bond formation and shape anisotropy lead to new 
types of nonequilibrium phase diagrams, two-step relaxation associated with translation-
rotation decoupling, and unusual double yielding will be described. The evolution of the 
shear modulus in different regions of the nonequilibrium phase diagram has also been 
determined. Quantitative comparisons of the theoretical results with experiments will be 
presented. Most recently, the theory has been extended to dense mixtures of spheres 
and rods where the connectivity percolation threshold and statistical microstructure can 
be widely tuned. These systems are of interest in diverse contexts that range from 
functional inks for direct write printing applications to various biophysical contexts. New 
dynamical complexity emerges that is triggered by packing asymmetry, including the 
formation of rod gel networks where the spheres can be either co-localized or fluid 
depending on interactions, rod aspect ratio and mixture composition. 

COLL 482 

Towards quantitative prediction of pH-dependent phase and morphological 
transitions of surfactants 

Jana Shen, jshen@rx.umaryland.edu.Department of Pharmaceutical Sciences, 
University of Maryland, Baltimore, Maryland 21201, United States 

Tuning pH conditions for controlled phase and morphological transitions of ionizable 
surfactants is of great interest to detergent industry, biotechnological and medical 
applications. In this talk I will highlight our recent progress in the development and 
application of new computational tools to enable quantitative predictions and to 
elucidate detailed mechanisms of pH-dependent surfactant self-assembly. Following a 
brief discussion of the continuous constant pH molecular dynamics (CpHMD) technique 
based on a hybrid-solvent scheme as well as the all-atom representation, I will present 
a proof-of-concept, in silico study in which fatty acids self assemble to form micelle and 
bilayer in a pH-dependent manner, with the transition mid-point in quantitative 
agreement with experimental observations. This and other studies demonstrate that 
CpHMD simulations offer a unique tool for advancing our fundamental understanding 
and making quantitative predictions for pH-dependent phenomena involving ionizable 
surfactants. 

COLL 483 

Local dielectric function in inhomogeneous polymeric media 

Rajeev Kumar1,2, kumarr@ornl.gov, Bobby Sumpter2, S. Michael Kilbey2,3.  (1) Oak 
Ridge National Laboratory, Computer Science and Mathematics Division, Oak Ridge, 
TN 37831, United States  (2) Oak Ridge National Laboratory, Center for Nanophase 



Materials Science, Oak Ridge, TN 37831, United States  (3) Department of Chemistry, 
University of Tennessee, Knoxville, TN 37996, United States 

Understanding the effect of inhomogeneity on the charge regulation and dielectric 
properties, and how it depends on the conformational characteristics of the 
polyelectrolytes is a long-standing problem. In order to address this problem, we have 
developed a field-theory to study charge regulation and local dielectric function in planar 
polyelectrolyte brushes. The theory is used to study a polyacid brush, which is 
comprised of chains end-grafted at the solid-fluid interface, in equilibrium with a bulk 
solution containing monovalent salt ions, solvent molecules, and pH controlling acid. 
Results on the theoretical predictions for the dielectric function, density profiles and 
comparison with the neutron reflectivity experiments will be presented. 

COLL 484 

Understanding nanoscale pH-responsive interfaces of hydroxyapatite and silica 
for selective interactions with peptides and drug molecules 

Hendrik Heinz1, hendrik.heinz@uakron.edu, Tzu-Jen Lin1, Fateme Sadat Emami1, 
Carole C Perry2, Peter A Mirau3, Rajesh Naik3, Siddharth V Patwardhan4.  (1) 
Department of Polymer Engineering, University of Akron, Akron, OH 44325, United 
States  (2) Department of Chemistry, Nottingham Trent University, Nottingham, United 
Kingdom  (3) Materials and Manufacturing Directorate, Air Force Research Laboratory, 
Wright-Patterson AFB, Ohio 45433, United States  (4) Department of Chemical and 
Process Engr, University of Strathclyde, Glasgow, United Kingdom 

We will share features of the INTERFACE force field for the atomistic simulation of 
minerals and their interfaces with water, biomolecules, and polymers in unprecedented 
chemical accuracy. Polar contributions to chemical bonding and surface energies, van-
der-Waals interactions, and hydration energies are represented in better than 10% 
agreement with measurements and parameters are fully integrated in widely used force 
fields such as CHARMM, AMBER, PCFF, and COMPASS. Specifically, we will describe 
surface properties of hydroxyapatite (HAP), including differences in structure, cleavage, 
and hydration energies of important facets such as {010}, {020}, {001}, and {101}, and 
changes upon protonation from pH 14 to pH 4. The adsorption mechanism of a 
hydroxyapatite-binding peptide identified by phage display, SVSVGGK, at pH 7 will be 
explained to exemplify. The mechanism includes differential attraction to various facets, 
specific binding by ammonium groups on the K side chain, at the N terminus, as well as 
Ca coordination in agreement with NMR data. Also, selective adsorption of 
bisphosphonate drugs against osteoporosis on individual HAP facets and on a 
nanocrystallite of HAP in aqueous solution will be described, including the role of 
interfacial water versus hydrophobic side chains. As a second example, we explain 
molecular-scale properties of pH responsive silica surfaces in contact with water, 
highlighting the strong dependence of the cation density per surface area on the acidity 
of the solution as well as on the particle size (i.e. synthesis conditions). For several 
peptide mutants that differ only in single amino acids, free energies of adsorption and 



molecular conformations during MD simulation are in excellent agreement with 
adsorption isotherms, NMR-NOESY data, and zeta potentials measured in experiment. 
The examples show realistic imaging of dynamic interfacial processes, consistent 
mechanistic explanations of adsorption processes, and guidance in the design of 
specifically binding molecules and capping agents to influence crystal growth. 

COLL 485 

Interaction of peptides with nanoparticles and biomembranes: Computational 
methods and applications 

Qiang Cui, cui@chem.wisc.edu.Department of Chemistry, University of Wisconsin-
Madison, Madison, WI 53706, United States 

I'll discuss a number of topics that represent our efforts in developing reliable 
computational models for describing interactions of peptides (proteins) with inorganic 
materials (e.g., metal oxide nano-particles) and biomembranes. Understanding 
peptide/nano-particle interactions has broad implications to the analysis of biomedical 
hazards of nano-materails and identification of design principles for peptide-driven 
nano-particle assembly. Studying the interaction between peptides and biomembrane, 
especially the phase behavior of peptide/lipid mixtures, helps better understand the 
mechanism of membrane remodeling and provides guidance to the design of novel 
membrane-active biomaterials. For the description of peptide interaction with metal 
oxide nano-particles (e.g., TiO$_2$), our study emphasizes the importance of 
employing enhanced sampling techniques to reliably describe the binding free energy 
(Fig. 1) and identify favorable binding conformations of peptides at the water/oxide 
interface. For the study of peptide/membrane interactions, we discuss the development 
of reliable coarse-grained models (Fig. 2) for better understanding membrane 
deformations induced by amphiphiles, cationic peptides and curvature-sensing peptides 
inspired by peripheral membrane proteins. 



 

 
 

 

 
 

COLL 486 

Adsorption of environmentally and biologically relevant molecules on 
nanoparticle surfaces and its impact on nanoparticle contaminant behavior 

Vicki Grassian, vicki-grassian@uiowa.edu.University of Iowa, United States 

This talk will focus on the adsorption of environmentally and biologically relevant 
molecules on the surface of metal and metal oxide nanoparticles and the impact that 
surface adsorption has on nanoparticle contaminant behavior. In particular, the impact 



of surface adsorption on the properties of nanoparticles in aqueous suspensions 
including dissolution and aggregation behavior will be presented. Additionally, the role 
of surface adsorption in nanoparticle toxicity is discussed. 

COLL 487 

Heterogeneous reactions of nitric acid at the interface of nascent sea spray 
aerosol: Phase changes caused by anthropogenic contaminants 

Andrew P Ault1,2,3, andrew-ault@uiowa.edu, Timothy L Guasco4,5, Olivia S Ryder4, 
Jonas Baltrusaitis1,6, Luis A Cuadra-Rodriguez4, Douglas B Collins4, Matthew J Ruppel4, 
Defeng Zhao4,7, Timothy H Bertram4, Kimberly A Prather4,8, Vicki H Grassian1.  (1) 
Department of Chemistry, University of Iowa, Iowa City, Iowa 52242, United States  (2) 
Department of Environmental Health Sciences, University of Michigan, Ann Arbor, 
Michigan 48109, United States  (3) Department of Chemistry, University of Michigan, 
Ann Arbor, Michigan 48109, United States  (4) Department of Chemistry & 
Biochemistry, University of California, San Diego, La Jolla, California 92093, United 
States  (5) Department of Chemistry, Millikin University, Decatur, Illinois 62522, United 
States  (6) Impact Institute, University of Twente, Enschede, The Netherlands  (7) 
Institute of Energy and Climate, Forschungszentrum Juelich, Juelich, Germany  (8) 
Scripps Institution of Oceanography, University of California, San Diego, La Jolla, 
California 92093, United States 

Using a unique, sea spray aerosol generation facility with breaking waves, the 
physicochemical properties of nascent sea spray particles have been measured using a 
combination of off-line microscopy and spectroscopy (TEM-EDX, EF-TEM, and Raman 
spectromicroscopy) with on-line mass spectrometry (ATOFMS) on sea spray generated 
in an isolated setting where seawater chemistry could be systematically altered to study 
changes in the aerosols produced. The data show a range of particle types, 
morphologies and chemical composition. These same techniques were then used to 
probe changes in physicochemical properties of sea spray particles following 
heterogeneous chemical reactions. Upon reaction with nitric acid (HNO3), these 
particles were observed to undergo a phase separation leading to changes in the 
distribution of cations, anions, and organic species that can alter trace gas uptake, 
mass transfer, and partitioning. These changes have important implications for the 
environmental and climate impacts of sea spray aerosol. 

COLL 488 

Polyethylenimine adsorption at various surfaces and interfaces 

Chi Zhang, zhangchi@umich.edu, Zhan Chen.University of Michigan, Ann Arbor, 
Michigan 48109, United States 

Polyethylenimines (PEIs) are widely used in gene delivery to increase delivery 
efficiencies. However, recent research demonstrated that PEI has cytotoxicity even at 



low concentrations (<100 ppm). Free PEI in solution was considered to be responsible 
for such cytotoxicity. Free PEI used in gene delivery can be adsorbed to different 
surfaces and has further biological impacts, which has led to some recent concerns. It is 
therefore of general interest to understand how PEI would be adsorbed to different 
surfaces as contaminants. In this study, we combined a surface sensitive technique, 
sum frequency generation (SFG) vibrational spectroscopy, and a quartz crystal 
microbalance (QCM) to study PEI adsorption on various surfaces including surfaces of 
SiO2, CaF2, and polystyrene. Both branched and linear PEIs were examined. The PEI 
solution concentration effect was also investigated. It was found that PEI tended to 
adopt some degree of ordering at various solution/polymer interfaces even when the 
PEI concentration was low. The higher the concentration, the faster PEI tended to reach 
its maximum order. It was also found that the adsorbed PEI molecules gradually lost 
order after reaching the maximum order. The PEI adsorption behavior on different 
materials after removing the surfaces from the PEI solution has also been studied. This 
research provides a general understanding on adsorption behavior of PEI contaminants 
on different surfaces. 

COLL 489 

Probing reactions on bacterial surfaces with isothermal titration calorimetry and 
surface complexation modeling 

Drew Gorman-Lewis, dgormanl@uw.edu.Department of Earth and Space Sciences, 
University of Washington, Seattle, WA 98195, United States 

Bacterial surface reactivity can influence the movement of contaminants in the 
environment. Understanding the intricacies of adsorption mechanisms is essential for 
better elucidating how the bacterial surface interacts with natural and anthropogenic 
dissolved species in the environment. Quantifying adsorption with thermodynamic 
parameters provides a framework for achieving a more mechanistic understanding of 
reactions occurring at the bacterial surface. While surface complexation modeling 
provides a mechanistic framework for quantifying adsorption reactions, combining 
surface complexation modeling with isothermal titration calorimetry (ITC) measurements 
of adsorption reactions gives one the means to probe the thermodynamics of adsorption 
reactions further. ITC data alone provides bulk enthalpies of adsorption that capture the 
overall endothermic, exothermic, or thermoneutral nature of the reaction. Combining 
ITC data with surface complexation models of adsorption allows for the derivation of 
site-specific enthalpies and entropies of adsorption. Characterizing surface complexes 
(e.g., inner sphere versus outer sphere or monodentate versus bidentate) is aided by 
the interpretation of site-specific parameters derived from surface complexation 
modeling and ITC data. These measurements provide molecular-level information on 
the coordination environment and thermodynamic driving force of the reaction. This 
information is essential for a better understanding of adsorption reactions occurring at 
bacterial surfaces. 

COLL 490 



Characterization of sulfhydryl sites on bacterial cell envelopes using selective 
site-blocking and potentiometric titrations 

Qiang Yu, qyu@nd.edu, Jeremy B. Fein.Department of Civil & Environmental 
Engineering & Earth Sciences, University of Notre Dame, NOTRE DAME, IN 46556, 
United States 

Sulfhydryl binding sites on bacterial cell envelopes play an important role in metal 
adsorption onto bacterial cells and thus can affect the fate, transport, and bioavailability 
of metals in a range of geological and engineered settings. In this study, a novel 
approach was developed to estimate the concentration and acidity constants of 
sulfhydryl sites within bacterial cell envelopes. The experiments involved the use of 
selective blocking of sulfhydryl sites with the monobromo(trimethylammonio)bimane 
bromide (qBBr) molecule, coupled with potentiometric titration measurements of 
blocked and un-blocked bacterial samples. We studied five aerobic bacterial species, 
including four mesophilic species and one thermophilic species, and three Gram-
positive species and two Gram-negative species. All of the species studied contained 
measureable concentrations of sulfhydryl sites. There were not dramatic differences 
between the sulfhydryl site concentrations of the five species measured, with sulfhydryl 
site concentrations ranging from 16.6 ± 3.3 to 33.1 ± 7.6 µmol/g. No clear distinction 
was found for sulfhydryl site concentrations on Gram-positive relative to those on Gram-
negative bacteria, but the proportion of sulfhydryl site concentration relative to the total 
site concentration on each species was highest for the thermophilic bacterium. The four 
mesophilic species exhibited an average of 7.7 ± 2.1% for the sulfhydryl sites, 
suggesting that themophiles contain a higher percentage of sulfhydryl sites than 
mesophiles. Each species contained sulfhydryl sites with a pKa value of 9.2 to 9.4, 
consistent with known pKa values for thiol functional groups on smaller molecules such 
as cysteine. However, Bacillus subtilis and Pseudomonas flourescens exhibited 
significant concentrations of sulfhydryl sites with much lower pKa values as well. Our 
results suggest that sulfhydryl sites are present in relatively low concentrations over a 
wide range of bacterial diversity, but that their concentrations are high enough to control 
the binding of metals onto bacteria under low metal-loading conditions. 

COLL 491 

Fe(II) sorption at the Fe mineral-water interface: A new conceptual framework and 
its implications for metal cycling 

Michelle Scherer1, michelle-scherer@uiowa.edu, Brittany Huhmann1, Anke Neumann1, 
Christopher Gorski2, Drew Latta3.  (1) Department of Civil and Environmental 
Engineering, University of Iowa, Iowa City, Iowa 52242, United States  (2) Department 
of Civil and Environmental Engineering, The Pennsylvania State Univeristy, State 
College, Pennsylvania 16802, United States  (3) Biosciences Division, Argonne National 
Laboratory, Argonne, Illinois 60439, United States 



Iron oxides are ubiquitous. These tiny, often nanoscale, particles profoundly influence 
the quality of our water, air, and soil through the biologically-driven redox cycling 
between ferric and ferrous iron. We have used stable Fe isotopes in conjunction with 
57Fe Mössbauer spectroscopy to study redox reactions between ferrous Fe and Fe 
oxides, as well as Fe containing clays. Our results have shown that sorbed Fe(II) is 
oxidized by Fe(III) in Fe oxides, such as goethite, hematite, ferrihydrite, magnetite, and 
structural Fe(III) in clays and that Fe(II)-Fe(III) electron transfer initiates extensive atom 
exchange between Fe oxide and aqueous Fe(II). We present a new conceptual 
framework that incorporates experimental evidence for Fe(III)-Fe(II) electron transfer, 
bulk electron conduction, and Fe atom exchange to describe the reaction of Fe(II) at the 
Fe mineral- water interface and discuss the implications of the new conceptual model 
for important environmental processes, such as trace metal cycling and contaminant 
fate. Specifically, we will present evidence for release of Mn from Fe oxides during 
Fe(II) catalyzed goethite recrystallization and discuss how arsenate behaves during this 
Fe oxide recrystallization process. 

COLL 492 

Simultaneous redox transformations on semiconducting nanomaterials 

Elizabeth B Cerkez1, cerkeze1@temple.edu, Narayan Bhandari1, Richard J Reeder2, 
Daniel R Strongin1.  (1) Department of Chemistry, Temple University, Philadelphia, PA 
19122, United States  (2) Department of Geosciences, State University of New York at 
Stony Brook, Stony Brook, NY 11794, United States 

Simultaneous redox transformations of arsenite (As(III)) and chromate (Cr(VI)) were 
investigated on semiconducting nano-materials, ferrihydrite and titanium dioxide, 
resulting in transformations to arsenate (As(V)) and chromite (Cr(III)). Using nanophase 
aluminum oxyhydroxide (an insulator) as a comparison, X-ray absorbance near edge 
spectroscopy (XANES), attenuated total reflectance Fourier transform infrared 
spectroscopy (ATR-FTIR) and geochemical batch reactions were preformed to 
ascertain the fate of the contaminants on the surface of the nano materials. XANES 
showed that near complete (ferrihydrite 92%) As(III) and Cr(VI) simultaneous redox 
transformations could be preformed on the semiconducting surfaces, while the 
insulating material was associated with less than 50% redox conversion. We conclude 
that the semiconducting surfaces are able to go to further completion due to surface 
mediated facile electron transfer. ATR-FTIR was used to study the ferrihydrite result 
more closely, showing competitive adsorption of As(III) and Cr(VI) and after 60 mins 
complete loss of the characteristic 924 Cr(VI) mode and growth of 810 mode associated 
with As(V). Furthermore, the exposure of the surface to simulated solar light led to 
further As(III) oxidation. Additional geochemical batch reaction experiments with all 
three nano materials showed that the redox reaction reached completion on the surface 
of the semiconducting materials, but not in the solution phase. When applying simulated 
solar light to the batch reactions we experimentally observed an increase in the solution 
phase redox products, increasing in concentration from aluminum oxyhydroxide, to 
ferrihydrite and finally titanium dioxide showing the most As(V) in solution. 



COLL 493 

Reactivity of structural Fe(II)/Fe(III) redox couple in Fe-rich clay minerals 

Anastasia Ilgen, agilgen@sandia.gov.Geochemistry Department, Sandia National 
Laboratories, Albuquerque, NM 87123, United States 

Redox transformations of nutrients and contaminants and their bioavailability in soils are 
controlled by heterogeneous chemistry on mineral surfaces. Structural iron Fe(II)/Fe(III) 
couple in the octahedral sheet of clay minerals can directly participate in electron 
transfer reactions. The direction and kinetics of electron transfer was quantified in batch 
laboratory experiments, where we used redox active elements - arsenic (As) and 
antimony (Sb) - to probe the reactivity of clay structural iron as a function of Fe(II)/Fe(III) 
ratio in NAu-1 clay. The ability of the structural Fe(III) in NAu-1 to promote oxidation of 
As(III) or Sb(III) is controlled by the Fe(II)/Fe(III) ratio in clay substrate: if all structural Fe 
is in the oxidized Fe(III) form, no oxidation is observed; however, when the clay is 

partially reduced (Fe(II)/Fe total = ∼0.2), NAu-1 promotes the most extensive oxidation 
under both oxic and anoxic conditions. Apparent surface reactivity is decreasing with 
time. 

 

 
 

Figure 1. Oxidation of arsenic by partially reduced nontronite NAu-1. The reactive 
surface sites are blocked by Fe(III) adsorption or precipitation on the clay mineral 
surface. 

COLL 494 

Protein interactions at molecular levels: An investigative study of biomolecular 
reactions at bilayer surface 

Navneet Dogra, navneet@siu.edu, Punit Kohli.Department of Chemistry and 
Biochemistry, southern Illinois University, Carbondale, Illinois 62901, United States 

Liposomes are of great interest to the scientific community for their use to convey 
vaccines, drugs or other substances to target cells or organs. Conjugated 
polydiacetylene (PDA) liposomes have sensitive optical characteristics which make 
them excellent sensors for the detection of virus, DNA, toxins and biologically relevant 
molecules.  



 
 

We describe here, an approach for protein-bilayer interactions based on the changes in 
optical properties of the polydiacetylene (PDA) liposomes. These interactions occur 
following chemical reactions at the liposome surface which amplified the optical signal. 
We present our preliminary results on the design and optimization of modified PDA 
liposomes and their enhanced sensitivity towards multiple proteins. We demonstrate 
that covalent binding of proteins with liposomes yielded colorimetric responses that 
were dependent upon molecular weight of the proteins. Interestingly, we have used 
enzymatic cleavage rate to obtain information on the protein. For example, enzymatic 
cleavage of myosin bound to liposome showed a much larger response for papain as 
compared to trypsin. Finally, we will describe our results where colorimetric response 
provided a wealth of information on the protein-bilayer interactions. Various analytical 
techniques such as UV-Vis and fluorescence spectroscopy, Infrared spectroscopy, 
Fluorescence Anisotropy, Fluorescence resonance energy transfer (FRET), 
fluorescence microscopy and Mass spectrometry are being used to understand the 
subtle interaction occurring at bilayer surface. The objective of present study is to 
understand the protein-bilayers interactions at molecular levels. 

COLL 495 

Liposome disassembly and fusion via electron-transfer reactions 

Robin L. McCarley, tunnel@LSU.edu, Martin Loew, Nicole M. Hollabaugh, Jerimiah C 
Forsythe, James Winter.Department of Chemistry, Louisiana State University, Baton 
Rouge, LA 70803, United States 

Described here is a group of stimuli-responsive container molecules, based on lipids, 
that have the ability to have their contents released to the environment upon activation 
by a redox stimulus. Redox activation leads to cleavage of chemical moieties attached 
to the container lipids, and this event results in disassembly of the container, thereby 
causing the delivery of the container's contents. Self-immolative phospholipid vesicles 
based on a hydroquinone/quinone responsive moiety that undergoes reductive 
cyclization and removal are investigated. Discussed here is the impact of quinone 



substituent, solution anion identity, and the structure of lipid and co-lipid diluent on the 
rate and mechanism of liposome contents release. These outcomes are of great value 
for controlling the behavior of chemical sensing and drug/analyte delivery systems 
based on stimuli-responsive liposomes, as well as understanding the characteristics of 
lipid systems that undergo hemi-fusion and fusion events. 

COLL 496 

New peptide-linker of folate-target liposomes for specific drug delivery 

Eugénia Sofia Nogueira1,2, enogueira@bio.uminho.pt, Ana Arminda Preto2, Artur 
Cavaco-Paulo1.  (1) Department of Biological Engineering, University of Minho, Braga, 
Braga 4710-057, Portugal  (2) Department of Biology, University of Minho, Braga, Braga 
4710-057, Portugal 

Liposomes have received considerable scrutiny as possible vehicles for drug delivery 
due to properties such as sustained release, increased drug stability, ability to 
overcome drug resistance and targeting of specific tissues. One of the more attractive 
molecular targets is the folate receptor (FR), because (i) it is over-expressed on many 
tumors and myelogenous cells, and (ii) it is present in low or non-detectable quantities 
in most normal tissues. Moreover, the folic acid (FA) and its drug conjugates bind FR 
with nanomolar affinity and enter target cells by receptor-mediated endocytosis. 

In this study, we described a new peptide linker to folic acid, to insert deeply into lipid 
bilayer, without affecting the integrity of the liposomes. This peptide based on surfactant 
proteins' neck domain, linked to a hydrophilic peptide spacer, that provide the best 
potential for water solubility of the folic acid under physiological conditions. Their lipid 
membrane insertion ability was extensively characterized and tests were performed to 
evaluate the potential of this formulation as specific drug delivery system. The 
liposomes present very small values of size and polydispersity index, as well as lower 
cytotoxicity, which are compatible with intended in vivo applications. Moreover, that are 
specifically internalized by FR expression cells. The encapsulation of several drugs was 
also performed and their effect analysed in the target cells. 

In summary, the combining of the specific targeting of FA ligands with the ability of 
insertion of this new peptide linker results in a FA-target liposomes to be used in vivo as 
specific drug delivery systems. 

COLL 497 

Using heparin to bind a growth factor to oligopeptide sequences via specific and 
nonspecific electrostatic interactions 

Paul Dubin, dubin@chem.umass.edu, Burcu B Minsky, Igor Kaltashov.Department of 
Chemistry, University of Massachusetts Amherst, Amherst, MA 01002, United States 



Single heparin chains can bind multiple proteins and likewise oligopeptide components 
of tissue scaffolds. It is not known whether oligopeptide binding can interfere with 
cognate protein binding. We examined a well-defined ternary system comprising 
fibroblast growth factor (aFGF), tetralysine (K4), with a heparin decamer (dp10) acting 
as non-covalent coupler. ESI-MS was uesd to assess binding affinities and complex 
stoichiometries as a function of ionic strength for dp10-K4 and for FGF-dp10. 
Electrostatic interactions for the former were evident from the decrease in binding above 
I = 40 mM; stronger binding for aFGF-dp10 can be inferred from its greater salt 
resistance. Remarkably, dp10 can bind two FGF, but only one tetralysine. The limited 
binding of K4 to dp10 suggests that tetralysine need not block growth factor binding; the 
1:1:1 ternary complex is indeed observed. Salt resistance for aFGF-heparin>K4-heparin 
shows that the former binds more strongly. Compositional distributions of free and FGF-
bound dp10 suggest that aFGF binding depends onheparin sulfation indicating a more 
nuanced approach than the use of heterogeneous native heparin for growth factor 
sequestration and release. 

COLL 498 

Functionalization of single-walled carbon nanotubes with tetracycline: A means 
of overcoming antibiotic resistance 

Mark Ellison1, mellison@ursinus.edu, Kara DiJoseph1, Matthew Chorney1, Anthony 
Lobo2.  (1) Department of Chemistry, Ursinus College, Collegeville, PA 19426, United 
States  (2) Department of Biology, Ursinus College, Collegeville, PA 19426, United 
States 

Antibiotic resistance is becoming increasingly prevelant, requiring intensive efforts to 
find new means of combating microbes. In this work we covalently attached tetracyline 
to single-walled carbon nanotubes (SWNTs). The attachment was verified using FTIR 
and Raman spectroscopies, and thermogravimetric analysis was used to quantify the 
amount of tetracycline attached to the SWNTs. Cell culture results show that 
tetracycline-functionalized SWNTs are effective against wild-type Escherichia coli. 
Furthermore, the tetracycline-functionalized SWNTs were effective against the DH5α 
strain of tetracycline-resistant E. coli. These results suggest the use of nanostructures 
for drug delivery may be a useful strategy for overcoming antibiotic resistance. 

COLL 499 

Graphene-gold nanoparticle hybrid for imaging and photothermal destruction of 
multi drug resistance bacteria 

Paresh Ray, paresh.c.ray@jsums.edu.Chemistry & Biochemistry, Jackson State 
University, Jackson, MS 39217, United States 

Last few years one of the most important and complex problems facing our society is 
treating multi drug resistance bacteria (MDRB) infectious diseases, using current market 



existing antibiotics. In this talk we will discuss our recent report on the development of 
multifunctional graphene-gold nanoparticle hybrid for targeted detection, and selective 
photothermal destruction of MDR Salmonella DT104. . We discuss the possible 
mechanism and operating principle for the targeted imaging, intercation of hybrid 
material with bacteria and photothermal destruction of MDRB. 

COLL 500 

Adsorption of protein to carbon nanomaterials: Possibilities for environmental 
fate and application of graphene, graphene oxide, and single-walled carbon 
nanotubes 

Sean C Smith, scsmith7@uh.edu, Farid Ahmed, Krystal M Gutierrez, Debora F 
Rodrigues.Civil and Environmental Engineering, University of Houston, Houston, Texas 
77204, United States 

Protein is present in large quantities in most wastewaters, and is a major contributor to 
filter fouling. It therefore plays an essential role in lowering effluent water quality when 
remediated by conventional filtration materials. Carbon based nanomaterials, such as 
carbon nanotubes, graphene, and graphene oxide, have great potential for absorption 
of various pollutants, including proteins, due to their large surface areas. This property, 
combined with other desirable qualities, makes them strong candidates for next-
generation water treatment processes. In this study, the adsorption properties of protein 
to these three nanomaterials were examined under different environmental conditions 
(protein concentration, ionic strength, pH) and characterized by infrared spectroscopy, 
X-ray photoelectron spectroscopy, and zeta potential analysis. The results of these 
experiments indicate that GO, under most conditions, has the highest protein adsorption 
capacity among the three nanomaterials studied. 

COLL 501 

Assessment of the toxicity of cysteine-functionalized single-walled carbon 
nanotubes using the model organism Caenorhabditis elegans 

Mark Ellison, mellison@ursinus.edu, Christopher Goodwin, Matthew 
Chorney.Department of Chemistry, Ursinus College, Collegeville, PA 19426, United 
States 

For use in biomedical applications, the toxicity of nanostructures must be carefully 
assesed. For single-walled carbon nanotubes (SWNTs), significant toxicity testing has 
been done at the cellular level, but less has been done at the organismal level. In this 
work, we covalently functionalized SWNTs with the amino acid cysteine. The cysteine-
functionalized SWNTs exhibit good solubility in water. Additionally, the model organism 
Caenorhabditis elegans shows no ill effects in life span and fecundity when exposed to 
cysteine-functionalized SWNTs. These results suggest that cysteine-functionalized 
SWNTs may have low to no toxicity, making them suitable for biomedical applications. 



COLL 502 

Budding pathway in templated assembly of virus-like particles 

Andrey G Malyutin, agmalyut@indiana.edu, Bogdan Dragnea.Department of 
Chemistry, Indiana University, Bloomington, Indiana 47405, United States 

An unexpected pathway for assembly of viral capsid protein around inorganic 
nanoparticle cores was observed by time-course light scattering and cryo-electron 
tomography. Gold nanoparticles with an average diameter of 11.3 nm have been used 
as a template for assembly of Brome mosaic virus (BMV) capsid protein at different 
concentrations. At least at low protein concentrations, kinetic features of the scattering 
and extinction measurements are consistent with initial rapid formation of large 
nanoparticle-protein clusters, which subsequently separate into individual virus like 
particles (VLPs). The occurrence of multi-particle clusters at short times after mixing of 
nanoparticles and proteins was confirmed by cryo-EM. Cryo-electron tomography of the 

multi-particle clusters yielded a minimum interparticle distance of ∼ 7.5 nm, equivalent 
to ∼1.5 times the thickness of a protein shell. We propose a scenario in which an 
incomplete, disordered protein coat initially surrounds each particle and allows for multi-
particle aggregation to occur. VLP generation may take place through monomer 
exchange between aggregated particles, with defect-ridden shells, and formation of 
stable icosahedral shells, which eventually bud out from the aggregate. Together with 
results from previous works, the findings highlight the astonishing assembly versatility of 
plant virus capsid proteins. This previously unknown mechanism for VLP formation has 
features that may be relevant for the crowded environment characterizing virus factories 
in the cell. 

COLL 503 

What health providers want and need from medical diagnostic tests? 

Michael Granger1, michael.granger@utah.edu, Matthew A. Firpo2, 
matt.firpo@hsc.utah.edu.  (1) Dept. of Surgery and Nano Institute of Utah, University of 
Utah, Salt Lake City, UT 84112, United States  (2) Department of Surgery and 
Oncological Sciences, University of Utah, Salt Lake City, UT 84132, United States 

This presentation will discuss what health providers want and need from medical 
diagnostic tests. 

COLL 504 

Today's diagnostic test gold standards 

Marc D. Porter1, marc.porter@utah.edu, Mark T. McDermott2, 
mark.mcdermott@ualberta.ca.  (1) Department of Chemistry and Chemical Engineering, 



University of Utah, Salt Lake City, UT 84112, United States  (2) Department of 
Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, Canada 

This presentation will review today's diagnostic test gold standards. 

COLL 505 

Nanotechnology and tomorrow's medical diagnostic tests 

Michael Granger1, michael.granger@utah.edu, Mark T. McDermott2.  (1) Dept. of 
Surgery and Nano Institute of Utah, University of Utah, Salt Lake City, UT 84112, United 
States  (2) Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 
2G2, Canada 

This presentation will discuss the importance of nanotechnology for tomorrow's medical 
diagnostic tests. 

COLL 506 

Nanotechnology and tuberculosis testing: An emerging case study 

Kimberley E. Hanson, kimberly.hanson@aruplab.com.Department of Medicine and 
Pathology, ARUP Laboratories, University of Utah, Salt Lake City, UT 84132, United 
States 

This presentation will discuss the application of nanotechnology to tuberculosis testing 
as a case study. 

COLL 507 

Engineered nanocomposites toward electrochemical energy storage 

Zhanhu Guo1, zhanhu.guo@lamar.edu, Jiahua Zhu1, Suying Wei2.  (1) Dan F Smith 
Department of Chemical Engineering, Lamar University, Beaumont, TX 77710, United 
States  (2) Department of Chemistry and Biochemistry, Lamar University, Beaumont, TX 
77710, United States 

Electrochemical energy storage devices targeting to large energy density and power 
density have become an urgent demand in hybrid vehicles and wind energy collection 
applications. Conventional materials such as carbon used in electric double layer 
capacitor and metal oxides/conductive polymers used in pseudocapacitor have 
difficulties in breaking through the energy storage limit due to their relatively low specific 
surface area, low conductivity and electrode structure damage from the expansion 
during the charge and discharge processes. Currently, research efforts are focusing on 
the hybrid electrode design by simply combining different electroactive species, while 



the significance of composite interfacial engineering and magnetic field response has 
rarely been realized.  

In this talk, engineered nanocomposites with designed interfaces from novel synthetic 
approaches will be studied as supercapacitor electrodes in electrochemical energy 
storage for their promising electrochemical performances. The investigations on the 
nanostructured carbon (graphene and carbon nanotubes), conductive polymer 
(polyaniline), and oxides (cobalt oxide, iron oxide, tungsten oxide and silica) will be 
presented. The surface functionality, electrolyte, electrode configuration, and magnetic 
field were also reported on the electrochemical behaviors and electrochemical energy 
storage. The results from cyclic voltammetry, charge/discharge, electrochemical 
impedance spectroscopy (EIS) and cycling capacity retention (stability) will be 
presented together with their theoretical analysis. 

COLL 508 

Stability of platinum and platinum alloys in proton exchange membrane fuel cells 

Eric Kreidler, ekreidler@honda-ri.com, Qingmin Xu, Christopher Brooks.Columbus 
Office, Honda Research Institute, Columbus, OH 43212, United States 

The mass commercialization of low temperature fuel cells is significantly inhibited by 
high materials costs and poor service life which can largely be attributed to platinum (Pt) 
loading requirements, degradation, and durability issues at the cathode. To understand 
electrocatalyst degradation/durability issues, platinum and platinum alloy thin films as 
well as platinum nanoparticles were studied using transmission electron microscopy, 
chemical analysis, and in-situ electrochemical scanning probe microscopy [1] to 
elucidate particle coarsening mechanisms that result in a lower electrochemical surface 
area (ECSA). Results of these studies indicate that the stability of platinum films are 
directly related the voltage at which the fuel cell is operated. Additionally, the stability of 
Pt nanoparticles was shown to be directly related to particle size as a function of 
potential. Studies of platinum alloy thin films suggest that increased stability of the film 
surface can be achieved, the degree of which is strongly dependent on the alloy metal. 

The dependence of Pt and Pt alloy stability on potential generally indicates that 
separate degradation/coarsening mechanisms are operational at different potentials. 

For higher potentials (∼800 and above), dissolution-redeposition of Pt from the surface 
of nanoparticles has been established. For potentials from ∼400 to 800 V, one must 
also consider surface diffusion transport as a potential coarsening mechanism. Finally, 
these results will be discussed in general as pertaining to nanoscale materials in 
electrochemical systems. 

[1] Q. Xu, T. He, and D. Wipf, Langmuir 2007 , 23, 9098-9103 

COLL 509 



Metal-organic frameworks for H2 storage 

Zhangwen Wei, zhangwen.wei@chem.tamu.edu, Hongcai Zhou.Department of 
Chemistry, Texas A&M University, College Station, TX 77843, United States 

Metal-organic frameworks (MOFs) are a new class of inorganic-organic hybrid porous 
materials emerged in the 1990s. Their highly crystalline coordination networks 
constructed from inorganic metal clusters and organic bridging ligands are known for 
high specific internal surface area, large pore volume, tunable pore structure and 
diverse functionality. Thus they have been extensively studied for gas storage, chemical 
separation, sensing, heterogeneous catalysis, and drug delivery. 

Fossil fuel as a non-renewable energy source not only suffers from limit supply, but also 
produces large amount of CO2 during the combustion process. While the energy crisis 
and global warming problem getting worse, people are searching for alternative energy 
source. Hydrogen (H2), which has high energy density as well as green nature, has 
been proposed to be a promising secondary energy source. The main problem 
hindering H2 commercialization is storage. Storing H2 under low temperature is energy-
consuming. High pressure H2 gas tank requires heavy containers as well as energy for 
compression. Moreover, chemisorptions of H2 have limited H2 charge/releasing rate and 
also need large amount of energy for releasing H2. 

MOFs could adsorb H2 by mild physisorption which provide high storage capacity, fast 
charge/release as well as low energy demand. BET surface area of MOFs has been 
shown to be qualitatively linear with their H2 storage capacities. Building MOFs having 
high surface area thus becomes a sought-after goal. The main strategies include 
organic linker extension and mix-ligand synthesis. On the other hand, increasing the 
interactions between the framework and H2 molecules could effectively promote the H2 
packing density and storage capacity. This target could be achieved by introducing 
interpenetrate framework, open metal site, metal cation and spill-over method. 

COLL 510 

3D metal oxide nanostructures and their applications for high-efficiency dye- 
sensitized solar cells 

Daeho Lee1, cgrigoro@me.berkeley.edu, Yoonsoo Rho1, Seung Hwan Ko2, Costas 
Grigoropoulos1.  (1) Department of Mechanical Engineering, University, University of 
California, Berkeley, Berkeley, CA 94720, United States  (2) Mechanical Engineering 
and KI for Nano Century, KAIST, Gusung-Dong, Daejeon 305-701, Republic of Korea 

Dye sensitized solar cells (DSSCs) have garnered a lot of interest due to their low cost 
and facile fabrication routes while showing high efficiency. There have been many 
efforts to develop photoanodes to increase the efficiency. 1D nanostructures such as 
nanowires and nanotubes provide a direct pathway for electrons to the electrode, while 
3D structures that are hierarchically evolved from those 1D nanostructures have 



increased surface area, higher dye loading, and enhanced light scattering and trapping. 
Our group has recently demonstrated the selective growth of “nano-forests” composed 
of high density, long-branched “treelike” multi generation ZnO nanowire photoanodes by 
utilizing seed particles and a capping polymer. The overall light-conversion efficiency of 
the branched ZnO nanowire DSSCs was almost 5 times higher than the efficiency of 
DSSCs constructed by upstanding ZnO nanowires. The all solution-processed 
hydrothermal method approach triggered many follow-up studies of many researchers. 
ZnO, one of the most popular materials for the photoanode of DSSCs, however, has low 
overall efficiency due to stability issues in acidic dyes. Among nanomaterials for 
DSSCs, TiO2 still shows highest power conversion efficiency. More recently, our group 
demonstrated multidirectionally-branched TiO2 nanostructure via a facile hydrothermal 
method. The “seed” scheme exploited for the ZnO nano-forest has also been applied to 
this nanostructure. The overall light-conversion efficiency of the densely-branched TiO2 
nanowire DSSCs were almost 4 times higher than the efficiency of DSSCs constructed 
by the non-branched upstanding TiO2 nanowire. Not only for the DSSC application, but 
the high surface area TiO2 nanowires also have important potential applications such as 
water splitting, gas sensors, photocatalysis and so on. 

COLL 511 

In-situ TEM nanoindentation of nanoparticles 

Paulo Ferreira, ferreira@mail.utexas.edu.Materials Science and Engineering Program, 
The University of Texas at Austin, Austin, TX 78712, United States 

The use of TEM for advanced nanoparticle characterization 

COLL 512 

Nanostructured materials for energy applications 

Markku Leskelä, markku.leskela@helsinki.fi, Mikko Ritala.Department of Chemistry, 
University of Helsinki, Helsinki, Finland 

In utilizing nanomaterials in energy applications preparation processes are of utmost 
importance. Atomic Layer Deposition (ALD) as a layer-by-layer thin film deposition 
technique enables preparation and modification of nanostructured materials. ALD has 
been studied in several energy technology applications including solar cells, lithium ion 
batteries and fuel cells. In solar cells both silicon based and dye-sensitized (DSSC) 
devices have been examined: in silicon cells the surface passivation of crystalline 
silicon by Al2O3, in DSSC preparation of semiconducting nanotubes/nanowires 
(TiO2/ZnO) and deposition of TiO2 nanoparticles with thin oxide layer to stop electron 
back-flow have been of interest. All solid state inorganic DSSC is achievable by ALD. 
Since ALD enables growth of conformal films on substrates of different size and shape, 
in Li ion batteries the ALD interest has been in 3D all solid state small size batteries. 
The challenge is in development of an ALD process for solid electrolyte. ALD has been 



studied in both solid oxides and polymer fuel cells. In both cases the preparation of 
noble metal nanoparticles has been of interest. In SOFCs also the oxide ion conducting 
material (Y:ZrO2) can be made by ALD and again a 3D structure device is possible. 

In the presentation besides the ALD nanomaterials in energy applications, the clean 
energy strategies of Finland are presented. Biofuels are important for Finland and 
especially those made from lignocellulosic materials. During the last 5-10 years there 
have been several programs on clean energy mostly funded by Tekes – the Finnish 
Funding Agency for Technology and Innovation. Tekes has also organized six Strategic 
Centres for Science, Technology and Innovation where industry and academia 
collaborate. Two of the Centres deal with energy. 

COLL 513 

Structure function relationship of energy storage materials 

Ashfia Huq, huqa@ornl.gov.Chemical and Engineering Materials Division, Oak Ridge 
National Laboratory, Oak Ridge, TN 37831, United States 

Sustainability is where society overlaps with the environment and the economy. With 
concerns over the future availability of fossil fuels and climate change Scientist and 
Engineers from all disciplines are focusing their research on materials for a sustainable 
future. Examples of areas where crystallographers are taking up the charge include Li-
ion batteries for electric cars, materials for oxygen sensors and solid oxide fuel cells, 
thermoelectric materials, materials for solar energy. This is also reflected in the user 
research that is carried out at the POWGEN diffractometer, the recently built general 
purpose neutron powder diffraction instrument at the Spallation Neutron Source. I will 
show some examples of how structural information obtained from energy storage 
materials can help us understand their functional properties. 

COLL 514 

In-situ electrochemical scanning probe microscopy for observing electrode 
surfaces under operating conditions 

Qingmin Xu, Eric Kreidler, Christopher Brooks, CBrooks@oh.hra.com.Honda 
Research Institute, Inc., Columbus, Ohio 43212, United States 

The ongoing study of electrochemical energy storage and conversion devices is of great 
importance owing to higher possible efficiencies over current combustion technologies 
for automotive applications. Key to the development of improved electrochemical 
energy devices is the understanding of electrode behavior under operating conditions. 
Although traditional electrochemical techniques may be utilized to analyze electrode 
reactions and post-mortem analysis can provide information on electrode structural 
changes, these do not provide the ability to directly observe as a function of potential 
and time the evolution of the electrode surface. To bridge this gap, in-situ 



electrochemical scanning probe microscopy (EC-SPM) has been implemented to aid 
our research in a variety of electrochemical systems. 

To demonstrate the capability of EC-SPM, a case study for the electrochemical 
formation of a solid product on an electrode is presented. Electrochemical processes 
resulting in solid products have far ranging applications and implications from nanoscale 
synthesis [1] to battery operation [2-5]. It will be shown that in-situ observations of these 
types of processes provide direct insight into understanding the influence of the 
formation parameters (potential, current, time) on the morphology and stability of the 
solid product. 

[1] G. Li et al., Nanoscale (2013), Advance Article 

[2] Z. Peng, S. Freunberger, Y. Chen, and P. Bruce, Science (2012), vol. 337, 563-566 

[3] M. Mirzaeian et al., J. Elec. Soc. (2013), 160(1), A25-A30 

[4] M. Inaba, S. Jeong, and Z. Ogumi, Interface (fall 2011), 55-59 

[5] N. Canas et al., Electrochimica Acta (2013), 97, 42-51 

COLL 515 

Using shape anisotropy to toughen disordered particle packings 

Daeyeon Lee1, daeyeon@seas.upenn.edu, Lei Zhang1, Gang Feng2, Teresa 
Brugarolas1.  (1) Department of Chemical and Biomolecular Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, United States  (2) Department of 
Mechanical Engineering, Villanova University, United States 

Disordered solids constitute an important class of materials that find wide-ranging 
applications from energy devices to bone replacement. A major roadblock limiting the 
widespread utilization of these amorphous materials is their tendency to undergo 
mechanical failure under small load. The fundamental understanding on their 
mechanical behavior is imperative for the development of new strategies to enhance 
their mechanical properties (hardness, modulus, and fracture toughness). In our work, 
we study the effect of particle shape anisotropy on the mechanical behavior of 
disordered nanoparticle packings. We study the mechanical response of disordered 
nanoparticle packings made of TiO2 prolate ellipsoids with various aspect ratios using 
nanoindentation. We observe striking similarities in the deformation mechanism of 
disordered particle assemblies to that of metallic glasses, which are random packings of 
metallic atoms. It is demonstrated that anisotropic particles greatly suppress shear band 
formation and toughen particle packings without sacrificing their strength, which implies 
that tuning constituent-anisotropy may be a new strategy to enhance toughness in 
disordered solids. 



COLL 516 

Template-assisted GLAD: Approach to single and multipatch patchy particles 
with controlled asymmetric patch shape 

Zhenping He1, mewindflowers@gmail.com, Ilona Kretzschmar1,2.  (1) Chemistry 
Department, Graduate Center, City University of New York, New York City, NY 10016, 
United States  (2) Chemical Engineering Department, City College of New York, New 
York City, NY 10031, United States 

The potential of patchy particles in fabricating complex assembly structures has been 
illustrated by many recent reports on new assembly structures such as the Kagome 
lattice1, polymer chains, staggered or double chains, and colloidal particle molecules. 
Factors affecting the assembly behavior of patchy particles such as the patch size, 
number and relative positions have been studied theoretically to predict the assembly 
behavior. Recently, the relative patch orientation of two triangular patches on one 
particle was shown in simulations by Sciortino et al. to affect the assembly symmetry of 
patchy particles.2 However, how patch symmetry affects the assembly behavior of 
colloids has not been studied experimentally partly due to the absence of a fabrication 
method that enables the exact control of patch shapes. 

Here, we introduce a template-assisted glancing angle deposition (GLAD) method with 
a rotatable template for the fabrication of patches at various incident angles (θ) and 
template rotation angles (α). The patch size is controlled by changes in θ and α. Due to 
the shadowing effect of adjacent particles and the template itself, the patch shape is 
varied at different α. Besides the advantage of achieving uniform patches (size, shape), 
this method also benefits from the reuse of the template and production scalability. The 
use of additional deposition steps enables the fabrication of multi-patch particles. We 
will present a patch shape phase diagram as a function of θ and α, discuss the 
advantages and limitations, and determine if the theoretically predicted patch shapes 
are accessible by this new template-assisted GLAD method. 

1. Chen, Q.; Bae, S. C.; Granick, S., Directed self-assembly of a colloidal kagome 
lattice. Nature 2011, 469, (7330), 381-384. 

2. Romano, F.; Sciortino, F., Patterning symmetry in the rational design of colloidal 
crystals. Nat Commun 2012, 3, 975. 

COLL 517 

Transformation of Au38(SC2H4Ph)24 to Au36(SPh-t-Bu)24 

Chenjie Zeng, chenjiez@andrew.cmu.edu, Rongchao Jin.Department of Chemistry, 
Carnegie Mellon University, Pittsburgh, PA 15213, United States 



Quantum-sized, thiolate-protected gold nanoclusters have emerged as a new class of 
nanomaterial and hold potential in a range of promising applications due to several 
unique features, such as atomic precision, high stability and versatile physical 
properties. To fully understand the fundamental science of nanoclusters and develop 
their applications, it is of paramount importance to obtain different-sized gold 
nanoclusters and determine their structures. Herein we demonstrated for the first time 
the important role of the protecting thiolate ligands in determining the size and structure 
of gold nanoclusters. By utilizing 4-tert-butylbenzenethiol (Bu-t-PhSH), we successfully 
achieved a transformation from Au38(SCH2CH2Ph)24 to Au36(SPh-t-Bu)24. The structure 
of Au36(SPh-t-Bu)24 was further characterized by single crystal X-ray diffraction. 
Surprisingly, the newly obtained Au36 nanocluster has a tetrahedral core with a face-
centered cubic (FCC) structure, which is drastically different from the rod-like 
biicosahedral core in Au38 nanocluster. The FCC structure is indeed the first example in 
thiolate-protected gold nanoclusters, and this size and structural transformation reaction 
induced by thiolate ligands is the first of its kind. Mechanistic understanding has been 
attained with respect to this intriguing transformation process. 

COLL 518 

Bulk synthesis of hybrid nanomotors 

Sijia Wang, siwang@mines.edu, Ning Wu.Chemical and Biological Engineering, 
Colorado School of Mines, golden, Colorado 80401, United States 

Pt-coated Janus spheres have shown self-propelling behavior in hydrogen peroxide. But 
they are usually produced by template-assisted method and the geometry of these 
motors is trivial. By utilizing the surface anisotropy of the two lobes (which can be 
confirmed by dye and metal NPs attachment), colloidal dimers with only one lobe 
coated by platinum can be synthesized in large quantities. 



 

 
 

This type of dimers showed strong propulsion behaviors in hydrogen peroxide solutions. 
Linear and rotational movements were observed which may due to the position of the 
bubble generation. Both type of motions show strong periodic characteristics. 

Our method offers more opportunities to study the geometry effect, such as the degree 
of fusion, the size ratio between the two lobes or even trimers with Pt anisotropically 
coated, on the propulsion mechanism. 

COLL 519 

Surface coatings on anisotropic nanoparticles 

Paul Stull, paul.d.stull@usa.dupont.com, Neal Blanchard.Central Research & 
Development, DuPont, Inc., Wilmington, Delaware 19803, United States 

The surface of the rod-shaped, naturally-occurring clay, sepiolite, was coated with 
various silanes and mixtures of silanes. The silane coatings altered the surface of the 
particles providing both compatibility with polymer matrices, which enabled well-
dispersed polymer nanocomposites, and a means to assemble particles through 
complementary surface chemistries. 

The particles were coated with a variety of silane esters under various conditions (basic 
or acidic environments, different solvents, temperature, and time). The resulting 
morphology, surface area, and surface chemistry of the coatings were found to be 
dependent on the coating silane as well as the conditions of the coating process. For 
example, when sepiolite was treated with the ethyl (TEOS), methyl (TMOS), or butyl 
(TBOS) orthosilicate esters under basic conditions, the morphology of the resulting 
silica coatings varied from a smooth coating to a highly textured surface, depending on 



the chosen ester. Details will be presented of the many reaction conditions investigated 
and the resulting particle surface properties. A rationale will be discussed that describes 
a mechanism for formation of the various resulting products. 

COLL 520 

Preparation of disk shaped Cu-Zn-S nanoparticles for applications in energy 
conversion 

Derrick M. Mott, derrickmott@gmail.com, Hiroyuki Shimose, Nguyen T. Mai, Mikio 
Koyano, Shinya Maenosono.Department of Materials Science, Japan Advanced 
Institute of Science and Technology, Nomi, Ishikawa 923-1211, Japan 

Copper sulfide based nanoparticles are highly intriguing for use in thermoelectrics for 
two important reasons. One, copper sulfide nanoparticles typically adopt anisotropic 
disc shapes, and two, the chalcogenide structure allows insertion of additional 
elements, leading to particles with more complex composition/structure. Both of these 
aspects provide the opportunity to enhance the overall thermoelectric efficiency of this 
class of material. In this research work, we study the synthesis technique and 
characterization of Cu-Zn-S nanoparticles for thermoelectric applications. A two-step 
wet chemical synthesis technique was employed to create hexagonal phase Cu-Zn-S 
nanoparticles with an anisotropic disc shape. The synthetic conditions were 
manipulated to produce materials with a tunable composition. The ability to tune the 
particle shape and composition allows for enhancement in the final material thermal 
conductivity, an important parameter in thermoelectrics, overall leading to increased 
thermoelectric efficiency. The results are discussed in terms of synthetic technique of 
the nanoparticles and the corresponding characterization using techniques such as 
STEM-HAADF, XPS, XRD, HR-TEM, and others. The thermoelectric properties of the 
final processed material are also discussed. 

COLL 521 

New functions of polypropylene (PP) grafted with maleic anhydride toward 
multifunctional polypolefin nanocomposites 

Zhanhu Guo1, zhanhu.guo@lamar.edu, Qingliang He1, Suying Wei2.  (1) Chemical 
Engineering, Lamar University, Beaumont, Texas 77710, United States  (2) Chemistry 
and Biochemistry, Lamar University, Beaumont, Texas 77710, United States 

Polypropylene (PP) grafted with maleic anhydride (denoted as PP-g-MA), was 
successfully demonstrated with new functions, i.e., to serve as polymeric surfactant for 
preparing multifunctional polyolefin nanocomposites. First, magnetic nanocomposites 
containing stabilized iron oxide/cobalt colloidal nanoparticles (NPs) were synthesized 
through a facile one-pot bottom up method, i.e., thermal decomposing organometallic 
precursor, Fe(CO)5/Co2(CO)8 

in refluxing PP-g-MA/solvent, or PP/PP-g-MA/solvent system. PP-g-MA with different 



molecular weights and/or concentrations has shown its unique capability to control the 
morphology, crystalline phase (α- vs. γ- phase for iron oxide NPs; and ε- vs. β- phase 
for cobalt NPs,) and magnetic property of these synthesized magnetic colloidal NPs. 
Second, PP nanocomposites reinforced with PP-g-MA stabilized carbon nanotubes 
(CNTs) were prepared through an ex-situ 
solution blending approach. The dispersion quality and stability of surface functionalized 
CNTs-PP colloids in organic solvent can be improved through the aid of PP-g-MA. In 
addition, the physicochemical properties including thermal stability, flame retardancy 
and thermo-mechanical property of the resulted PP/CNTs nanocomposites were 
significantly enhanced. The formation mechanisms in the first cases and the enhanced 
mechanisms in the latter will be discussed as well. 

COLL 522 

Fundamentals of the thermodynamics of extremely heterodisperse aggregates 
with application in biomaterials (lignine), crude oil, and biosphere 

Johannes G.E.M. Fraaije1,3, j.fraaije@chem.leidenuniv.nl, Shyamal Nath2, Jan W. 
Handgraaf1.  (1) Leiden Institute of Chemistry- Soft Matter Chemistry, Leiden University, 
Leiden, The Netherlands  (2) Culgi Inc, USA, United States  (3) Culgi BV, The 
Netherlands 

We discuss some of our results in the framework of the Culgi industrial modeling 
consortium, in particular the aggregation and surfactant stabilization of asphaltene 
molecules. Such aggregates are extremely heterodisperse, where traditional colloid 
models all fail: these are particles with intrinsic instability on all scales, and a gradient 
composition. Such type of extreme heterodisperse aggregates can also be found in a 
wide range of other applications: in the biosphere as degradation products, in 
biomaterials as lignine, and, of course, in almost any laundry system. The aggregation 
study is a typical example in the quest for the rational design of industrial complex 
fluids, using (coarse-grained) molecular simulation, where one always faces three 
challenges: (i) the identification of a proper molecular representation, (ii) the automatic 
fragmentation and parameterization of the coarse-grained units, and (iii) the 
identification of the simulation protocol. These three challenges are very different, 
depending on the requested speed and accuracy: from selecting descriptors and 
statistics in Quantitative Structure Property Relations, to full a blown quantum 
calculation, to some engineering type equation based model. The theoretical challenges 
in addressing these issues in an integrated and unified way, is perhaps the most 
daunting endeavor in current computational chemistry. 

COLL 523 

Development of a general interaction potential for hydrophobic and hydrophilic 
interactions 



Stephen Donaldson, sdonaldson@engineering.ucsb.edu, Markus Valtiner, Kai 
Kristiansen, Anja Røyne, Matthew Gebbie, Michael Rapp, Saurabh Das, Bradley 
Chmelka, Jacob Israelachvili.Department of Chemical Engineering, University of 
California Santa Barbara, Santa Barbara, California 93106-5080, United States 

We carried out surface force measurements between surfactant-bilayers having variable 
hydrophobicity that could be reversibly modulated by light activation, and have obtained 
a possibly universal interaction potential for the attractive interaction between surfaces 
whose “hydrophobicity factor” varies from f=0 (fully hydrophobic interaction 

corresponding to an interfacial energy of ∼50 mJ/m2 for two hydrocarbon surfaces in 
water) to f=1 (no hydrophobic interaction, just a pure DLVO interaction). For f>1, the 
derived equation appears to also naturally cover hydrophilic interactions, i.e., the 
additional repulsive “hydration” force between naturally hydrophilic surfaces or surfaces 
rendered hydrophilic by the adsorption (or ion exchange) of hydrated ions, where again 
the magnitude of the repulsion depends on the degree of hydration. A universal 

exponential decay length of ∼1.0 nm is proposed for both the attractive (hydrophobic) 
and repulsive (hydration) forces with f varying from 0 to about 2 as we go from a purely 
hydrophobic to a purely hydrophilic (or highly hydrated) surface with more than one 
layer of bound water molecules. The model is shown to quantitatively account for many 
interfacial phenomena including the various instabilities and turning points in complex 
interaction potentials, such as the long range forces, short range forces, hydrophobic 
breakthrough point, and final hydrophobic adhesion as two bilayers approach, spread 
(thin), rupture, hemi-fuse, and are then separated from adhesive contact; as well as the 
repulsive force measured between hydrated (mica) surfaces. A new picture is emerging 
that suggests that both hydrophobic and hydrophilic interactions can be described by a 
single unifying equation, suggesting a similar mechanism for both interactions, for 
example, a depleted water density (and/or decrease of the hydrogen bonding order 
parameter) near hydrophobic surfaces, and an increased water density (and/or 
hydrogen bonding order parameter) near hydrophilic surfaces. 

COLL 524 

Characterizing hydrophobicity at the nanoscale 

Amish Patel, pamish@seas.upenn.edu.Department of Chemical & Biomolecular 
Engineering, University of Pennsylvania, Philadelphia, PA 19104, United States 

Quantifying the interactions of non-polar solutes in water is essential for developing a 
molecular understanding of several colloidal and biological self-assembly processes, 
including colloidal crystallization, protein folding, and molecular recognition. 
Macroscopically, the hydrophobicity of a surface is characterized by a droplet contact 
angle. However, this approach is not feasible at the nanoscale (e.g. to characterize a 
protein surface), and molecular measures of hydrophobicity are needed. Further, in a 
variety of interesting cases, both polar and non-polar groups are presented on the 
surface, and when this chemical heterogeneity or pattern is nanoscopic, interfacial 
properties are non-additive. To address these challenges, we have developed a novel 



technique that uses biased molecular dynamics simulations to show that water density 
fluctuations (and not the average local density), specifically, the ease with which water 
can be displaced from the vicinity of a surface, is a quantitative measure of its 
hydrophobicity. Using this fluctuations-based measure, we investigate how the 
hydrophobicity of a surface changes due to chemical patterning, curvature and proximity 
to other surfaces. We further demonstrate how the properties of water at interfaces 
influence the thermodynamic driving force as well as the kinetics of self-assembly. Our 
results provide a computational tool for mapping the hydrophobicity of complex 
particles, with relevance to developing predictive strategies for their binding and 
aggregation. 

COLL 525 

Theoretical and experimental investigation of dual-scale roughness via electro-
spraying 

Elif Ozden Yenigun, elifozden@sabanciuniv.edu, Eren Simsek, Yusuf Z. Menceloglu, 
Canan Atılgan.Faculty of Engineering and Natural Sciences, Sabancı University, 
Istanbul, Turkey 

In this work, we study the causes of the observed tunable hydrophobicity of 
poly(styrene-co-perfluoroalkyl ethylacrylate) electro-sprayed in THF, DMF, and 
THF/DMF (1:1) solvents, as seen in Figure 1.Using atomistic and coarse-grained 
simulations supported by dynamic light scattering (DLS) experiments, we specifically 
focus on the parameters that affect the resulting morphology of superhydrophobic 
electro-sprayed beads. The differing equilibrium chain size distributions in these 
solvents examined by DLS are corroborated by chain dimensions obtained via 
molecular dynamics simulations. Mesoscopic morphologies monitored by dissipative 
particle dynamics simulations elucidate experimental observations; in particular, 
preference of the polymer for THF over DMF in the binary mixture rationalizes the dual 
scale roughness driven by stable microphase separation. Drying phenomena that 
affects resultant dual-scale roughness is described in three stages, each interpreted by 
concentration dependent diffusion and surface mass transfer coefficients of the 
solvents. Irrespective of the presence of polar groups in the structure, a conflict between 
the lower-boiling solvent adhering to the polymer and the less volatile solvent abundant 
in the bulk leads to perfectly hydrophobic surfaces.  



 
 
 
Figure 1 . Typical SEM images of the electro-sprayed surfaces of poly(styrene-co-
perfluoroalkyl ethylacrylate) from solutions of (a) 1 wt % in THF, (b) 0.15 wt % in DMF 
(due to solubility restrictions), and (c) 1 wt % in THF/DMF (1:1). 

COLL 526 

Modeling surfactant-assisted stabilization of carbon nanotubes and graphene in 
ionic surfactant aqueous solutions: Coarse-grained molecular dynamics 
simulations and modified DLVO theory 

Chih-Jen Shih, Shangchao Lin, Michael S. Strano, Daniel Blankschtein, 
dblank@mit.edu.Department of Chemical Engineering, MIT, Cambridge, MA 02139, 
United States 

Dispersion of single-walled carbon nanotubes (SWCNTs) and graphene in ionic 
surfactant aqueous solutions is a very important route to further purify, self-assemble, 
and functionalize these nanomaterials for electronic, biological, and sensor applications. 
In order to optimize the yield and colloidal stability, it is essential to understand the 
mechanisms responsible for the concentration-dependent adsorption of surfactant 
molecules on carbon nanomaterials, as well as the effects of surfactant micellization 
and surface geometry of the carbon nanomaterials. Molecular dynamics (MD) 
simulations are a powerful tool to investigate the interactions between surfactants and 
carbon nanomaterials at the molecular level. However, the length and time scales 
associated with the systems considered here are far beyond current computational 
capabilities using conventional all-atomistic MD simulations. With this in mind, we have 
used “coarse-grained” MD simulations to successfully simulate micellization and 
adsorption on SWCNTs or graphene in one simulation box. Specifically, the adsorption 
density of surfactant molecules was quantified as a function of the bulk surfactant 
concentration. Based on the simulated results, we developed a model that describes the 
adsorption density as a function of surfactant concentration and the geometry of the 



SWCNTs and graphene. In combination with a modified DLVO theory of colloid stability, 
for the first time, we successfully modeled the surface electric potential, the intertube (or 
intersheet) potential energy profile, and the energy barrier height. These results allow us 
to predict the optimized surfactant concentration needed to disperse different SWCNTs 
and graphene in aqueous media. We believe that the development of advanced 
methods to separate SWCNTs and graphene in aqueous media will be greatly 
facilitated by the molecular-level insight and theoretical analyses presented here. 

COLL 527 

Dynamic interactions between iron (hydr)oxide nanoparticles and arsenic 
contaminants at environmental interfaces 

Young-Shin Jun, ysjun@seas.wustl.edu, Chelsea W. Neil, Yandi Hu, Jessica R. 
Ray.Department of Energy, Environmental and Chemical Engineering, Washington 
University, St. Louis, MO 63130, United States 

To accurately predict the fate and transport of arsenic in the environment, a better 
understanding of iron (hydr)xide nanoparticle formation is crucial. We utilized 
simultaneous small angle x-ray scattering (SAXS)/grazing incidence SAXS setup to 
monitor in situ nucleation and growth of iron (hydr)oxides on quartz in the presence of 
arsenic. Atomic force microscopy and Raman spectroscopy were used to characterize 
heterogeneous precipitation ex situ, while aqueous iron and arsenic concentrations 
were monitored using inductively coupled plasma mass spectrometry. Using these 
techniques, the morphologies and total particle volumes of newly formed heterogeneous 
and homogeneous iron (hydr)oxide nanoparticles were determined. In this talk, the 
results will be presented as they relate to arsenic mobility during arsenopyrite oxidation, 
a process observed in managed aquifer recharge sites which can form iron 
(hydr)oxides. This study provides a quantitative and qualitative depiction of evolving iron 
(hydr)oxide nanoparticle distributions and topology at arsenic-containing dynamic 
environmental interfaces. 

COLL 528 

Examining the coupling of geometry and electronic structure of Sb(V) surface 
complexes on hydroxylated Fe2O3 and Al2O3 (1-102) surfaces using DFT modeling 

Diane L Neff, dianeneff3@gmail.com, Sara E Mason.Department of Chemistry, 
University of Iowa, Iowa City, IA 52245, United States 

Density functional theory (DFT) modeling was used to examine Sb(OH)6
- adsorption 

onto hydroxyated (1-102) hematite (Fe2O3) and alumina (Al2O3) surfaces. Bidentate and 
tridentate adsorption models of the antimony hydroxyl complex were both considered 
along with variations in the placement of the adsorbate on the hydroxylated transition 
metal surface. The most favorable bidentate arrangement of the antimony hydroxyl 
complexes on both the Fe2O3 and Al2O3 (1-102) surfaces were shown to be a structure 



in which Sb(V) formed bonds with two singly coordinated oxygen atoms and in which 
the surface complex is directed away from the surface. Partial density of states (PDOS) 
calculations of all the configurations indicate that there is significant overlap between 
the Sb(V) electronic states and those of the singly coordinated oxygen atoms on the 
metal oxide surface while the overlap between the electronic states of Sb(V) and the 
more highly coordinated surface oxygen atoms is significantly less. We note several 
instances of stronger Sb-O interactions at longer Sb-O distances, which defy the 
rationale of bond-valence-based approaches to interpret mineral-water interface 
reactivity. The analysis of the electronic structure explains the variations in the 
adsorption energies for our models, and will be used to aid in experimental structural 
characterization of Sb(V)/hematite surface complexes. 

COLL 529 

Influences of aggregation on nanoparticle adsorption and retention of dissolved 
Zn(II) and Cu(II) 

Christopher S. Kim, cskim@chapman.edu, Lillian E Burns, Rebecca B Chesne.School 
of Earth and Environmental Sciences, Chapman University, Orange, CA 92866, United 
States 

Iron oxyhydroxide minerals are commonly formed in natural aqueous systems as 
nanoscale particles, where they can act as effective sorbents for dissolved metals due 
to their chemical reactivity, small size and high surface area which allow them to 
sequester ions from the aqueous and into the solid phase. However, such particles 
typically aggregate under natural aqueous conditions and are rarely observed as 
dispersed nanoparticles. The wide range of particle aggregation mechanisms and states 
possible in natural systems as a result of variations in ionic strength, pH, temperature, 
time since formation/aggregation, and other factors substantially increases the 
complexity and variety of interactions between dissolved metals and particle 
aggregates. 

 
To explore the influences of aggregation on the adsorption, desorption, and retention of 
dissolved metals we have conducted an array of metal uptake/removal studies using 
macroscopic batch experiments, kinetic rate measurements using real-time ion selective 
electrodes, and spectroscopic analysis using synchrotron X-rays. Synthetic iron 
oxyhydroxide nanoparticles were prepared using a flash microwave synthesis method 
and aggregated by placing the particles in conditions of increasing ionic strength (0.001-
1.0 M), pH (8-10), and temperature (25°C-75°C) to induce varying states of particle 
aggregation. Characterization of the aggregates with dynamic light scattering, BET 
surface area analysis, and X-ray diffraction was conducted prior to Zn(II) and Cu(II) 
adsorption/desorption experiments. Initial Cu(II) uptake rates appeared to correlate 
positively with the proportion of Cu(II) retained after an induced desorption step (i.e. 
lowering of pH), suggesting that the strength of binding can be predicted by the rate of 
metal uptake. Increasingly saline conditions (mimicking the transition from fresh to 



brackish to marine waters) result in greater retention of Zn(II), suggesting the formation 
of more stable and possibly ternary surface complexes. 

COLL 530 

Modeling the uptake of oxyanion and cation contaminant species by aqueous 
aluminum hydroxide nanoparticles 

Katie Corum, katharine-corum@uiowa.edu, Tori Z Forbes, Sara E Mason.Department 
of Chemistry, University of Iowa, Iowa City, Iowa 52242, United States 

Synthesized [Al30O8(OH)56(H2O)24]
18+ (Al30) is reported to be an active agent in 

polyaluminum chloride water treatments, yet little is known about the reactive properties 
of the nanoparticle. We use our pilot modeling study on the reactivity of hydrated 
copper(II) with Al30 as a basis of comparison for Al30 reactivity with other aqueous 
contaminant species. By carrying out DFT-based calculations (which include a 
continuum solvation model for aqueous effects), we are able to study the energetic, 
geometric, electronic, and electrostatic properties for different configurations of 
contaminants adsorbed to Al30. Preliminary calculations show that arsenic, methylated 
arsenic, and tert-butyl phosphoric acid show distinct reactivity towards Al30 that spans 
different adsorption sites and mechanisms. These theoretical insights help to explain 
experimentally observed crystal structures of reacted Al30. A long-term goal of this 
collaborative project is to guide the optimization of water remediation strategies using 
the Al30 cluster. Future and ongoing plans for modeling studies to fully determine the 
mechanisms of contaminant uptake by Al30 are discussed. 

COLL 531 

Proton NMR studies of environmental contaminants adsorbed on porous silica 
nanoparticles in aqueous solution 

Yulia Tataurova, yulia-tataurova@uiowa.edu, Sarah C. Larsen.Department of 
Chemistry, University of Iowa, Iowa City, IA 52242, United States 

The characterization of the physical properties of nanocrystalline materials is critical to 
the realization of their innovative applications in a broad range of areas including 
catalysis, drug delivery, imaging, environmental protection, and sensing. The surface 
chemistry of silicalite-1 and mesoporous silica nanoparticles functionalized with 
organosilanes (APDMMS, APTES, and MPTMS) was selectively probed using solution 
1H NMR spectroscopy. The use of solution NMR spectroscopy results in high-resolution 
NMR spectra. This technique is selective for protons on the surface organic functional 
groups due to their motional averaging in solution. In this study, 1H solution NMR 
spectroscopy was used to investigate the interface of the organic functional groups in 
D2O. The pKafor these functional groups covalently bound to the surface of 
nanoparticles was determined using an NMR–pH titration method based on the 



variation in the proton chemical shift for the alkyl group protons closest to the amine 
group with pH. 

The adsorption of toxic contaminants (chromate and arsenate anions) on the surface of 
functionalized silicalite-1 and mesoporous silica nanoparticles has been studied by 1H 
solution NMR spectroscopy. With this method, the surface bound contaminants are 
detected. The analysis of the intensity and position of these peaks allows quantitative 
assessment of the relative amounts of functional groups with adsorbed metal ions. 
These results demonstrate the sensitivity of solution NMR spectroscopy to the 
electronic environment and structure of the surface functional groups on porous 
nanomaterials. 

COLL 532 

Trace metal leaching from bridge paint waste in the presence of steel grit blasting 
material 

Zhan Shu1, zs34@njit.edu, Lisa Axe1, Kauser Jahan2, Ramanujachary Kandalam2.  (1) 
Department of Civil and Environmental Engineering, New Jersey Institute of 
Technology, Newark, New Jersey 07102, United States  (2) Department of Civil and 
Environmental Engineering, Rowan University, Glassboro, NJ 08028, United States 

Removal of paint from bridges is a significant issue because of the potential release of 
contaminants and the consequent impact to human health and the environment. Paint 
waste samples from 24 bridges in NY were evaluated with field-portable x-ray 
fluorescence (FP-XRF) and U. S. EPA toxicity characteristic leaching procedure 
(TCLP). Mineralogy and morphology were investigated using x-ray diffraction (XRD) and 
field emission scanning electron microscopy (FE-SEM). The XRD results revealed the 
pigments used in paint both from before 1989 and after 1989, while the FE-SEM results 
indicated that iron oxide formed on the steel grit surface. Because metals such as Pb 
and Cr have a high affinity for the oxide surface, it is hypothesized that this surface 
plays an important role in trace metal mobility. The paint waste samples exhibited 5 to 
168,090 mg/kg (0.0005 to 17%) Pb and 21 to 10,192 mg/kg (0.002 to 1%) Cr, however, 
yet leaching was not greater than 1.46 mg/L (0.048%) for Pb and 9.52 mg/L (3.7%) for 
Cr. Furthermore, surface complexation modeling (SCM) with log KMe = 4.65 for Pb and 
log KMe = 2.11 for Cr was applied to describe the surface interactions with iron-based 
materials. This approach is begin further studied to mechanistically explain the results 
and will be used for predicting long-term leaching from the paint waste. 


