
COLL 1 

Programmed Assembly of Janus, Patchy and Mixed Strongly Interacting Particles 
by Electric Fields 

Orlin D Velev1, odvelev@ncsu.edu, Bhuvnesh Bharti2, Sumit Gangwal1, Gerhard H 
Findenegg2.  (1) Department of Chemical and Biomolecular Engineering, North Carolina 
State University, Raleigh, NC 27695, United States  (2) Stranski Laboratory for Physical 
Chemistry, Technical University - Berlin, Berlin, Germany 

We will discuss how directional polarization interactions induced by external AC fields 
can be used to assemble complex particles into lattices of programmed structure and 
symmetry. Metallodielectric Janus particles could be driven into new types of staggered 
chains and anisotropic crystals. Patchy metallodielectric particles in AC fields form 
networks and crystals of unusual symmetry by quadrupolar and hexapolar interactions. 
The fundamental interpretation of these results included calculations of the electrostatic 
interactions and simulations of the molecular dynamics of the particles. We will also 
report a new class of permanently field-assembled structures from binary mixtures of 
microspheres of opposite charge with strongly attractive interactions. The results of the 
field-driven process depend on the size ratio as well as the number ratio of the two 
interacting species. We derived assembly rules for the resulting structures and a 
statistical model that is in excellent agreement with the experimental results. 

COLL 2 

Hybrid nanoparticles of the copper chalcogenides 

Janet E Macdonald, janet.macdonald@vanderbilt.edu, Emil A Hernandez-Pagan, 
Michael J Turo.Department of Chemistry, Vanderbilt University, Nashville, TN 37235, 
United States 

New hybrid nanoparticle structures resulting from the marriage of two different 
nanomaterials on the same particle are of interest for their synergistic properties. The 
copper sulfide and mixed copper sulfide semiconductors are excellent candidates as 
strongly absorbing and non-toxic nanoparticle photoabsorbers with tunable bandgaps. 
They present unique synthetic challenges for functional hybrid preparation in obtaining 
composition, size and shape control and the use of tightly binding capping ligands, 
which prevent exchange and surface functionalization. Metal-semiconductor hybrid 
nanoparticles of CuInS2 and Cu2S were prepared in organic solvents in a two-step 
process. Through rational synthetic design and carefully chosen capping ligands during 
synthesis, the hybrids can then later readily transferred to water. Water solubility 
provides a key step towards using such structures in water phase photocatalysis and in 
biological sensing and therapeutic applications. 

COLL 3 



Synthesis of metal and metal oxide nanoparticles with tunable size via use of 
poly(propylene imine) dendrimers 

Elisabeta Mitran, emitra1@tigers.lsu.edu, Nuwan Balapitiya, Barry Dellinger, Robin L. 
McCarley.Department of Chemistry, Superfund Research Program, Louisiana State 
University, Baton Rouge, Louisiana 70803, United States 

The ability to control dendrimer architecture and exterior functionalities provides a 
powerful approach for tailoring the size and size dispersity of metal/metal oxide 
nanoparticles for different applications. Using a poly(propylene imine) dendrimer-based 
approach, we have prepared metal nanoparticles (Ni, Cu) and metal oxide nanoparticles 
(Fe2O3, NiO, CuO) with controlled size and composition in solution or on supports. 
Nanoparticles of Ni(0) and Cu(0) in methanolic solution were obtained by anaerobic 
borohydride reduction of M(II) coordinated to the primary amines of amine-terminated 
poly(propylene imine) dendrimers. The metal oxide nanoparticles were prepared by 
impregnation of high-surface-area amorphous silica with metal ion-poly(propylene 
imine) dendrimer complexes or ferrocenoyl-modified poly(propylene imine) dendrimers, 
followed by thermal decomposition in air at different temperatures. High control over the 
diameter of the nanoparticles (2–5 nm) and size dispersity (8–21%) was possible by 
manipulating the dendrimer generation, metal loading, and calcination temperature. 

COLL 4 

Nonspherical Janus Particles at an Oil-Water Interface 

Bum Jun Park1, bumjunp@seas.upenn.edu, Chang-Hyung Choi2, Chang-Soo Lee2, 
Daeyeon Lee1.  (1) Department of Chemical and Biomolecular Engineering, University 
of Pennsylvania, Philadelphia, PA 19104, United States  (2) Department of Chemical 
and Biological Engineering, Chungnam National University, Daejeon, Republic of Korea 

We study the configurations of nonspherical Janus particles such as ellipsoids, 
dumbbells, and cylinders at an oil-water interface [1]. To determine the equilibrium 
configurations, we numerically calculate and minimize the attachment energy of each 
Janus particle as a function of the orientation angle as well as the vertical displacement 
with respect to the interface. We find that the equilibrium orientation of nonspherical 
Janus particles strongly depends on the particle characteristics, such as their size, 
shape, aspect ratio, surface wettability, and the location of the Janus boundary. In 
general, Janus particles with a high aspect ratio or a small difference in wettability 
between the two sides tend to have tilted orientations. Under certain circumstances, 
Janus ellipsoids and cylinders have a metastable configuration as indicated by the 
presence of secondary minima in the attachment energy profile. The size of Janus 
particles plays an important role in determining the distribution of orientation angles of 
these particles at the fluid-fluid interface. Janus dumbbells, on the other hand, possess 
primary energy minimum only, indicating that their orientation at the fluid interface would 
be homogenous. Our study provides a detailed guidance for designing and synthesizing 



the non-spherical Janus particles, especially for their applications in multiphase fluid 
mixture stabilization. 

[1] B. J. Park and D. Lee, “Equilibrium Orientation of Nonspherical Janus Particles at 
Fluid-Fluid Interfaces”, ACS Nano, 6, 782 (2012). 

COLL 5 

Facile Self-Assembly of High-Performance Carbon Nanotube Bolometers from a 
Colloidal Dispersion 

Trevor J Simmons1,2,3, trevorjohnsimmons@gmail.com, Gustavo Vera-Reveles3,4, 
Hugo Navarro-Contreras3, Francisco Javier Gonzalez3.  (1) Department of Chemistry & 
Chemical Biology, Rensselaer Polytechnic Institute, Troy, NY 12180, United States  (2) 
Rensselaer Nanotechnology Center, Rensselaer Polytechnic Institute, Troy, NY 12180, 
United States  (3) CIACyT, Universidad Autónoma de San Luis Potosí, San Luis Potosí, 
San Luis Potosí 72810, Mexico  (4) Departamento de Físico-Matemáticas, Universidad 
Autónoma de San Luis Potosí, San Luis Potosí, San Luis Potosí 72810, Mexico 

In this work, bolometric films of horizontally aligned single-walled carbon nanotubes 
were self-assembled from a colloidal solution. The polymeric surfactant 
polyvinylpyrrolidone and the amphiphilic surfactant sodium dodecylbenzenesulfonate 
were used to disperse the carbon nanotubes in water, and these nanotubes were 
subsequently deposited on silica and glass substrates. These bolometric films were 
then thermally and electrically characterized in order to determine the bolometric 
performance. Thermal time constants of of less than τ = 420 μs along with temperature 
coefficient of resistance values higher than TCR = �2.94%K-1 were obtained. The 
maximum voltage responsivity and detectivity obtained were RV =230 V/W and D* = 
1.22 x 108 cm Hz1/2/W, respectively. These values are higher than the maximum voltage 
responsivity (150 V/W) and maximum temperature coefficient of resistance (1.0%K-1) 
previously reported for carbon nanotube bolometers at room temperature. 

COLL 6 

Facile template-free synthesis of hollow particles with novel double layer 
structures 

Yingqing Wang1, ywang6@tulane.edu, Bhanukiran Sunkara1, Jingjing Zhan1, Jibao 
He2, Gary L McPherson3, Vijay T John1.  (1) Department of Chemical and Biomolecular 
Engineering, Tulane University, New Orleans, LA 70118, United States  (2) Coordinated 
Instrument Facility, Tulane University, New Orleans, LA 70118, United States  (3) 
Department of Chemistry, Tulane University, New Orleans, LA 70118, United States 

Hollow nano and microparticles have attracted intense attention in recent years 
because of their wide range of applications in imaging, chemical sensing, 
encapsulation, energy storage, controlled drug release and catalysis. Typically these 



particles are synthesized by coating template cores with designed materials or their 
precursors, followed by the selective removal of core materials by calcinations or 
etching. In the present study, we report a new preparation method for hollow particles 
where a silica shell is formed extremely rapidly, locking in chemical constituents in the 
interior. This is achieved using an aerosol based process where we have exploited salt 
bridging concepts to lock a surfactant (CTAB) and carbon precursors together with iron 
species in the interior of a droplet while a silica shell is allowed to form on the droplet 
surface. Subsequent pyrolysis process results in a buildup of internal pressure forcing 
carbonaceous species against the silica wall to form a second carbon layer. Thus we 
have developed double shelled “amphiphilic” hollow particles, with the outer surface 
being hydrophilic and the inner surface being hydrophobic. This novel synthesis method 
is expected to be a general approach to fabricate various hybrid double layer hollow 
particles. In addition, the incorporation of magnetic iron oxide into the shells opens up 
opportunities in external stimuli responsive nanomaterials. 

COLL 7 

New generation of Core/Shell Nanocrystals combines high emission quantum 
yield, narrow linewidths, suppressed blinking, and a compact size 

Ou Chen, chenou@mit.edu, Jing Zhao, Moungi Bawendi.Chemistry, Massachusetts 
Institute of Technology, Cambridge, MA 02139, United States 

Nanocrystal quantum dots (QDs) have large potential as a unique optical material in a 
broad range of applications that rely on downshifting light, especially in applications that 
rely on achieving a high level of spectral purity at relatively high optical flux levels. Here, 
we have newly designed a synthesis that produces high-quality CdSe/CdS core/shell 
QDs at elevated temperature. The resulting CdSe/CdS core/shell QDs perfectly 
maintain the original crystal structure of the starting CdSe core. We find that single dot 
blinking is also significantly suppressed with only a relatively thin shell. These core/shell 
QDs for the first time simultaneously satisfy the criteria that include high uniformity, high 
PL QY, very narrow PL peaks, and significantly suppressed blinking (over 90% on-time 
fractions). In addition, the small size of the shells allows for compact QDs generally 
preferred for biological imaging applications. We demonstrate that these CdSe/CdS 
core/shell QDs can be easily brought into water by ligand exchange processes with 
either polyethylene glycol thiol (PEG-SH) or poly imidazole ligands (PIL). These water-
soluble QDs maintain a high PL QY (>70%) and are suitable as in vivo imaging agent. 
In short, QDs with the combination of properties described here have been sought after 
for a long time. These QDs should show a significant improvement in the performance 
of QDs in a variety of applications ranging from solid state lighting and illumination to 
biological multiplexed labeling and tracking. 

COLL 8 

Large-scale synthesis of ultra-small-sized silver nanoparticles 



Jinkyung Park2, geng0322@snu.ac.kr, Taeghwan Hyeon1, Soon Gu Kwon1, Samuel 
Woojoo Jun1, Byung Hyo Kim1.  (1) World Class University (WCU) program of Chemical 
Convergence for Energy & Environment (C2E2), Seoul National University, Seoul, 
Republic of Korea  (2) Department of Nano Science and Technology, Seoul National 
University, Republic of Korea 

Metallic silver nanoparticles (Ag NPs) have been intensely investigated for their 
applications in various areas due to their unique properties including excellent electrical 
conductivity, catalysis and plasmon light scattering. These properties critically depend 
on the mean size and the size distributions of the nanoparticles as well as their shape. 
Especially, small sized Ag NPs below 5 nm that have extremely high surface to volume 
ratio showed unique catalytic activities, and have been applied in low-cost printed 
electronics. Among various methods for the chemical synthesis of Ag NPs published so 
far, there are only few of those which are capable of producing uniform Ag NPs with 
their mean size smaller than 5 nm. Moreover, Herein, we report a large-scale synthetic 
method to produce uniform and ultra-small-sized Ag NPs. This method is extremely 
simple and efficient that it can produce Ag NPs within 20 min by heating a reaction 
mixture containing only three chemicals. Due to their high initial concentration of silver 
precursor and simple synthetic method, this method is easy to scale-up to multigram 
scale. The formation mechanism, investigated by UV-vis and fluorescence 
spectroscopy, TEM, and MALDI-TOF mass spectrometry, showed that kinetic control of 
the formation of Ag clusters enables the synthesis of ultra-small-sized Ag NPs. 

 

 
 

TEM images of Ag NPs with sizes of a) 1.7 nm, and c) 3.5 nm. Low-resolution TEM 
images of hexagonal close-packed Ag NPs array with sizes of b) 1.7 nm, and d) 3.5 nm. 
Insets in b) and d) are FFT data of b) and d) images. 

 

 
 

Ex situ Uv-vis absorption spectra of Ag NPs. Reaction heating rate is a) 10 oC/min, and 
b) 1 oC/min, respectively 

COLL 9 

Shaping Nanoscopic Objects from Precursors of Controlled Curvature 

Sankar Nair, sankar.nair@chbe.gatech.edu.School of Chemical & Biomolecular 
Engineering, Georgia Institute of Technology, Atlanta, GA 30333-0100, United States 



This talk will demonstrate new molecular-level concepts [Refs. 1,2] for constructing 
nanoscopic metal oxide objects (such as single-walled nanotubes) of controlled 
dimensions. We show that the formation of single-walled metal oxide nanotubes takes 
place in aqueous conditions via a mechanism involving the formation, condensation, 
and rearrangement of molecular precursors that have intrinsic curvature. We then show 
that the curvature of these precursors can be controlled in a subtle manner by the use 
of anionic ligands (both inorganic and organic), and that the precursors can then be 
shaped into nanotubes whose diameter is controlled with Ångstrom-level precision. 
Finally, we elucidate the mechanism of nanotube growth and demonstrate a model that 
has predictive capabilities for the scale-up of nanotube synthesis. Throughout the talk, 
we will emphasize the integration of multiple experimental and computational 
techniques – including electrospray ionization mass spectrometry, cryo-electron 
microscopy, NMR, light scattering, and quantum chemical calculations – to elucidate the 
reactive behavior of nanotube-forming systems at multiple length scales. References: 
[1] S. Nair et al, Nano Letters, 12 (2), p. 827-832 (2012). [2] S. Nair et al, Journal of the 
American Chemical Society, 133(14), p. 5397-5412 (2011). 

COLL 10 

Templated Synthesis of Amphiphilic Nanoparticles at the Liquid-Liquid Interface 

Dickson M Andala1, andala.dickson@ku.ac.ke, Sun H Shin2, Hee-Young Lee2, Kyle J 
Bishop2.  (1) Department of Chemistry, Kenyatta University, Nairobi, Kenya 00100, 
Kenya  (2) Department of Chemical Engineering, The Pennsylvania State University, 
University Park, PA 16802, United States 

A simple and reliable method is described to produce inorganic nanoparticles functio-
nalized asymmetrically with domains of hydrophobic and hydrophilic ligands on their 
respective hemispheres. These amphiphilic, Janus-type particles form spontaneously by 
a thermodynamically controlled process, in which the particle cores and two competing 
ligands assemble at the interface between two immiscible liquids to reduce the 
interfacial energy. The asymmetric surface chemistry resulting from this process was 
confirmed using contact angle measurements of water droplets on nanoparticle 
monolayers deposited onto hydrophobic and hydrophilic substrates particles presenting 
their hydrophobic face give contact angles of ~96o, those presenting their hydrophilic 
face ~19o. While it is straightforward to vary the ratio of hydrophobic and hydrophilic 
ligands, the accumulation of amphiphilic particles at the interface is maximal for ligand 
ratios near 1:1. In addition to gold nanoparticles and thiolate ligands, we demonstrate 
the generality of this approach by extending it to the preparation of amphiphilic iron 
oxide nanoparticles using two types of diol-terminated ligands. Depending on the 
material properties of the inorganic cores, the resulting amphiphilic particles should find 
applications as responsive particle surfactants that respond dynamically to optical 
(plasmonic particles) and/or magnetic (magnetic particles) fields. 

COLL 11 



Large-scale synthesis of gold nanorods through continuous secondary growth 

Krystian A. Kozek, Klaudia M. Kozek, Wei-Chen Wu, Joseph B. Tracy, 
jbtracy@ncsu.edu.Department of Materials Science & Engineering, North Carolina State 
University, Raleigh, NC 27695, United States 

Gold nanorods (GNRs) are of significant interest for their tunable longitudinal surface 
plasmon resonance (SPR), which depends on the nanorod aspect ratio. Potential 
applications of GNRs are often limited by the small scale of typical GNR syntheses. In 
order to maximize the yield, a secondary growth phase is performed, where reducing 
agent is continuously added while stirring, thereby driving the reduction of unreacted 
Au(III) to Au(0) and its deposition onto existing GNR seeds. Stirring is generally 
believed to reduce the yield of rod-shaped nanoparticles, but we show that the solution 
can be stirred during the secondary growth phase while preserving the nanorod shapes. 
Stirring while continuously adding the reducing agent has enabled the development of a 
simple method for synthesizing concentrated solutions of GNRs on the liter scale. GNRs 
with longitudinal SPR wavelengths that can be tuned between ~530-1000 nm have 
been synthesized by adjusting the amounts of the reactants. 

COLL 12 

Challenges and future of water use in industry 

Jasbir S. Gill, jgill@nalco.com.R, D, and E, Nalco Company, Napereville, IL 60564, 
United States 

Water is essential to many industrial processes, used primarily for cooling, process and 
steam generation. New uses of water such as steam flooding and fracking for the 
production of hard to reach oil has further increased the demand on water use. Using 
impaired water in place of fresh water is potentially an attractive solution to the 
problems of water scarcity and competing demands. As the population increases, good 
fresh quality water is much more needed for human use including growing food. Tertiary 
sewage treated water has been successfully used in many industrial applications for 
cooling. The use of seawater is becoming quite popular for cooling applications in many 
coastal areas of the world. The paper discusses the challenges and the development of 
novel technologies to meet the increasing water demand 

COLL 13 

Nucleation and crystal growth of calcium carbonate under flow conditions 

Georgia D Athanasakou1,2, Eleni C Arvaniti1,2, Petros G. Koutsoukos1,2, 
pgk@chemeng.upatras.gr, Christakis A Paraskeva1,2.  (1) Department of Chemical 
Engineering, University of Patras, PATRAS, Western Greece 26500, Greece  (2) 
Institute of Chemical Engineering Sciences (FORTH-ICEHT), PATRAS, Achaia 26500, 
Greece 



The deposition of sparingly soluble salts on surfaces and porous formations 
encountered in oil production and other industrial operations is a persistent problem. A 
flow channel was used to emulate pore channels. Calcium carbonate formation was 
induced from supersaturated solutions, pumped through the channel at 3.7 mm/s. The 
formation and growth of calcium carbonate crystals was monitored microscopically. 
Solutions of calcium chloride, and sodium bicarbonate were mixed just before the 
injection point with the help of syringe pumps at supersaturation ratios SR=10.7 and 
SR=20. Sampling at different positions along the channel (2cm, 6cm, 8cm and 10cm 
from the inlet of the channel) showed a decrease in supersaturation along the channel. 
The number and size of the crystallites decreased along the channel. At SR=20 the rate 
of calcium carbonate precipitation increased, and the number and size of crystallites 
were higher in comparison with the crystals formed at SR=10.7 

COLL 14 

Influence of substrate on formation of calcium carbonate in the bulk and on the 
surface 

Anne Neville, Wen Choo Cheong, Thibaut Charpentier, 
mentch@leeds.ac.uk.Mechanical Engineering, Leeds University, Leeds, W Yorkshire 
LS2 9JT, United Kingdom 

A major challenge faced by the oil and gas industry is the minimisation of scale 
formation within installation; new regulations are requiring conventional scale inhibition 
strategies to be replaced by environmental friendly ones such as anti-fouling surfaces or 
green inhibitors. 

In this study, the ability of different surfaces to reduce or modify calcium carbonate was 
assessed with the final objective being to understand what constitutes a surface that 
minimises the potential for scaling. A range of chemically and morphologically modified 
surfaces have been selected (from bio-inspired nano-structured polymer surfaces to 
silanized stainless steel) for calcium carbonate bulk scale deposition experiments. Bulk 
scale precipitation was monitored using turbidity and ions selective electrodes 
measurements while scale surface deposition were studied using surface analyses 
(XRD, EDX, SEM). 

The study has shown that compared to flat steel the polymer surfaces all reduce scale 
deposition. By analyzing the range of scaling behaviours observed within the surfaces 
tested some initial suggestions of the controlling factors in deposition on these systems 
are made and discussed. 

COLL 15 

Calcite growth rate inhibition by polycarboxylate ions 



Michael M. Reddy, mmreddy@usgs.gov.Central Region Branch of Research, US 
Geological Survey, Water Mission Area, National Research Program, Denver, Colorado 
80225, United States 

Calcite crystallization rates are characterized using a constant solution composition at 
25 C, pH=8.5, and calcite supersaturation (Ω) of 4.5, in the presence and absence of 
low-molecular weight, polycarboxylic acids (PCAs). Calcite crystallization rates in the 
presence of five-, and six-carbon alicyclic PCAs are reduced at low solution 
concentrations (0.01 to 0.1 mg/L). In contrast, acyclic PCAs had no effect on calcite 
growth rates at concentrations up to 10 mg/L. Three- and four-carbon alicyclic PCAs, 
with the carboxyl groups attached to the same ring carbon atom, have no effect on 
calcite growth rates up to a concentration of 10 mg/L. Growth morphology varied in the 
absence and presence of five-atom alicyclic PCAs. Modification of calcite growth 
morphology and growth rates between two alicyclic PCAs suggests that PCA 
sterochemical orientation controls calcite surface interaction with carboxylate inhibitors. 

COLL 16 

Development of an environmentally friendly new polymer inhibitor for calcium 
sulphate for HTHP squeeze application 

Tao Chen, tao.chen@champ-tech.com, Ping Chen, Jennifer Main, Harry Montgomerie, 
Thomas Hagen.Champion Technologies, Aberdeen, United Kingdom 

CaSO4 is one of major scales experienced in HTHP oilfield during seawater 
breakthrough. Inhibitor squeeze treatments have been regularly carried out to prevent 
CaSO4 scale depositions in reservoir. Some of the traditional scale inhibitors had 
experienced a relatively short squeeze life. 

This paper outlines the idea of how the new inhibitor chemistry was developed and how 
a special monomer was introduced to enhance the inhibitor adsorption property since it 
carries a special function group to have a good affinity to the reservoir rock. In addition, 
the environmental property of the polymer was also improved due to the introduction of 
the special monomer. A series test, including water compatibility, thermal stability, 
dynamic loop test, coreflood test were carried out and the inhibitor showed an excellent 
efficiency for calcium sulphate scale inhibition and squeeze life under the test 
conditions. 

The paper also presents field application data, treatment design strategy and 
deployment. 

COLL 17 

Control of calcium sulfate scale deposition in high temperature, steam-flooded oil 
wells in an Ecocene carbonate reservoir 



Charlie Hinrichsen, Mingdong Yuan, mingdong.yuan@comcast.net, Wei Wei, Solomon 
Lekia, Ghanim Al-mutairi.Chevron Corporation, Houston, Texas 77042, United States 

This paper provides an insight of a unique scaling problem arising from high-
temperature (>200 deg C) steam-flooding of an Eocene carbonate oil reservoir, 
supported with some interesting observations. It outlines the challenges in developing 
and implementing an effective scale treatment and, in particular, providing reliable 
downhole capillary chemical injection. It then describes both the methodology used to 
select and qualify chemicals inhibitors and the results obtained therein. Next, the paper 
presents initial results of a field trial of a chemical inhibitor that was identified and 
qualified from laboratory experimentation. Furthermore, an ongoing research effort to 
further improve the scale inhibition via squeeze treatment is also briefly mentioned. 

This paper should provide readers reference values pertaining to the occurrence of this 
unique scaling problem and finding solutions for this and similar scaling challenges 
associated with enhanced oil recovery from an Eocene carbonate reservoir using 
steamflood methods. 

COLL 18 

Precipitation of gypsum in the presence of inulin biopolymers 

Ozlem Dogan, Cagri Senol Erdemir, Mualla Öner, oner@yildiz.edu.tr, E. 
Akyol.Chemical Engineering Department, Yıldız Technical University, Istanbul, Turkey 

The crystallization of calcium salts is of considerable importance since it is frequently 
encountered both in industrial and environmental precipitation processes. These 
calcium salts formation is favored by the decrease of their solubility with increasing 
temperature. The deposits reduce heat transfer effectiveness over time, leading to 
unacceptable heat transfer rates. 

In this study, the effect of biopolymers on the crystallization calcium sulfate dihydrate 
(CaSO4.2H2O, gypsum) has been investigated in aqueous solution. The spontaneous 
precipitation technique has been used to study the influence of a biodegradable, 
environmentally friendly polysaccharide-based polycarboxymethyl inulin (CMI) of crystal 
growth of calcium sulfate dihydrate at 30°C. The results indicate that polymer 
concentration and the larger number of negatively charged functional groups markedly 
affect the duration of induction period. The fit of the Langmuir adsorption model to the 
experimental data supports a mechanism of inhibition through molecular adsorption of 
polymers on the surface of growing crystals. 

COLL 19 

Formation of calcium carbonate in the bulk and on the surface in-situ and in-real 
time 



Anne Neville1, Violette Eroini1, Nik Kapur1, Thibaut Charpentier1, 
mentch@leeds.ac.uk, Miriam Euvrard2.  (1) Mechanical Engineering, Leeds University, 
Leeds, W Yorkshire LS2 9JT, United Kingdom  (2) Department of Chemistry, Besançon 
University, Besançon, Franche Comte 25000, France 

The minimisation of mineral scale formation within oil and gas installations is a major 
challenge. Both surface deposition and bulk precipitation have been widely studied 
separately using a variety of methods. However, only limited research has focused on 
both processes at the same time. This paper presents the design and optimisation of a 
relatively new technique to study both processes at the same time. 

A new in-situ rig has been designed to perform deposition tests in flowing conditions 
and allows real time measurements to be made. The experimental procedure 
associated with the rig has been optimised to obtain reproducible results of turbidity and 
surface coverage measurements. The surface and bulk scale formation kinetics have 
been evaluated using quantification of the surface coverage in real-time, enabling for 
the first time a surface growth rate to be evaluated and compared with the 
corresponding bulk crystallisation kinetics.the initial results from this will be reported and 
discussed. 

COLL 20 

Quantitative Analysis of the Cell Uptake of Gold Nanostructures 

Yonan Xia, younan.xia@bme.gatech.edu.Georgia Institute of Technology, United 
States 

Owing to their unique optical properties, Au-based nanostructures have  
recently been applied to many applications related to biomedical research.  
For example, Au nanostructures have been demonstrated as either contrast  
agents for optical imaging (and therefore cancer diagnosis) or therapeutic  
agents for photothermal ablation of cancer by making use of the scattering  
or absorption component. In addition, Au nanostructures have been  
exploited as probes or carriers to evaluate the delivery efficacy of  
nanomedicine into target cells or tissues. In this talk, I will discuss  
how to quantify the cell uptake of Au nanostructures in an effort to  
understand the effects of size, shape, surface functional group, and cell  
culture configuration. 

COLL 21 

Ligand surfaces of semiconductor nanoparticles studied by vibrational sum 
frequency generation 

Franz Geiger, geigerf@chem.northwestern.edu.Northwestern University, United States 



This presentation will report on measurements of the intra- and 

intermolecular ordering of tight-binding octylphosphonate ligands on the 

surface of colloidal CdSe quantum dots (QDs) within solid state films, 

and the dependence of this order on the size of the QDs. The order of 

the organic ligands, as probed by vibrational sum frequency generation 

(SFG) spectroscopy, decreases as the radius of the QDs decreases; this 

decrease is correlated with a decrease in the order of underlying Cd2+, 

as detected by X-ray photoelectron spectroscopy (XPS) line width 

measurements, for radii of the QDs, R > 2.4 nm, and is independent of 

the disorder of the Cd2+ for R < 2.4 nm. We believe that, for R < 2.4, 

the decreasing order of the ligands with decreasing size is due to an 

increase in the curvature of the QD surfaces. Disorder in the Cd2+ 

results from the presence of a shell of Cd2+-surfactant complexes that 

form during synthesis, so this work demonstrates the possibility for 

chemical control over molecular order within films of colloidal QDs by 

changing the surfactant mixture. The implications of these results for 

disorder-driven tight binding interactions of QDs in complex 

biogeochemical matrices are discussed in the context of toxicity, 

environmental transport, and fate. 

COLL 22 

Design of Polymeric and Hybrid Nanoparticles as Drug and mRNA Carriers for 
Safe and Efficient Cancer Therapeutics 

Shu Yang1, shuyang@seas.upenn.edu, Apiradee Honglawan1, Hanjie Wang1, Houping 
Ni2, Drew Weissman2.  (1) Department of Materials Science & Engineering, University of 



Pennsylvania, Philadelphia, PA 19104, United States  (2) Division of Infectious 
Diseases, University of Pennsylvania, Philadelphia, PA 19104, United States 

Nanoparticle based drug/gene delivery holds great promise in cancer therapeutics. 
However, site-specificity, efficacy, stability and toxicity of the carriers remain the major 
hurdle for the clinic application of nanoparticles in therapeutics. Here, we discuss 
synthesis of two types of vesicular, pH sensitive nanoparticles for drug/gene delivery. 
The polymeric nanoparticles (diameter of 20 nm to 500 nm) were assembled from 
amphiphilic random copolymers of acryloyl chloride, followed by functionalization with 
poly(ethyleneimines) (PEI). Hybrid nanoparticles (diameter of 25-50 nm) was prepared 
from calcium hydrophosphate (CaHPO4) as core for drug loading, followed by surface 
functionalization with PEGlated octadecyl-quaternized poly(γ-glutamic acid) as shell, 
providing stealthiness and steric stability of the nanocomplex. PEI nanoparticles showed 
highly efficient in vitro delivery of anticancer drug, doxorubicin hydrochloride (Dox), and 
mRNA to HEK 293T cells at a relatively low cytotoxicity level. Meanwhile, the use of 
hybrid core-shell nanocomplex could potentially enhance endosome escape efficiency 
while reducing cytotoxicity. 

COLL 23 

Active release of silver and nitric oxide from silica xerogels for reducing bacterial 
adhesion 

Wesley L Storm, wstorm@email.unc.edu, Mark H. Schoenfisch.Department of 
Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, United 
States 

The release of antimicrobial agents has proven important for reducing medical implant-
associated infections. Our lab's previous work has focused on the development of nitric 
oxide (NO)-releasing surfaces that exhibit antibacterial efficacy dependent on the 
concentration of NO delivered. As the killing of certain pathogens requires significant 
levels of NO, the toxicity of this approach to healthy cells is a concern. Herein, we 
demonstrate the sol-gel synthesis of inorganic/organic hybrid silica-based materials 
(xerogels) capable of releasing both silver and NO. We hypothesize that the combined 
action of these two antimicrobial agents may be synergistic and thus require reduced 
concentrations of each to be effective. The level of release (amounts and kinetics) was 
varied by adjusting the concentrations of the NO-donor and silver in the initial sol, the 
thickness and tortuosity of the silica framework, and/or the alkoxysilane structure. The 
resulting action of these materials against commonly resistant bacteria will be 
discussed. 

COLL 24 

Enhanced effectiveness of sunscreen BP-3 after encapsulation by mesoporous 
silica oxide 



Chia Ching Li1,2, alex23@mail.vnu.edu.tw, Yi Ting Lin3, Yi Ting Chen1, Yui Whei Chen-
Yang1,3,4.  (1) Department of Chemistry, Chung Yuan Christian University, Chung-Li, 
Taiwan Republic of China  (2) Department of Cosmetic Science, Vanung University, 
Chung-Li, Taiwan Republic of China  (3) Center for Nanotechnology, Chung Yuan 
Christian University, Chung-Li, Taiwan Republic of China  (4) Master Program in 
NanotechnologyChung, Yuan Christian University, Chung-Li, Taiwan Republic of China 

In this study, a UV-filter, Benzophenone-3 (BP-3), was encapsulated in a mesoporous 
silica (MS). The BP-3 encapsulated MS (BP-3-MS) was prepared by the in-situ sol-gel 
polymerization of tetraethyl orthosilicate (TEOS) with an ionic liquid (IL) as a solvent and 
pore-forming agent and BP-3 as an additive. It was characterized by Fourier 
transformation infrared (FT-IR) spectroscopy, thermogravimetric analysis (TGA), 
Differential Scanning Calorimetry (DSC), UV-Visible spectroscopy and in vitro sun 
protection factor (SPF) measurement. The results showed that the amount of BP-3 
encapsulated in MS was about 38~46wt% of BP-3-MS. Comparing to that of the free 
BP-3, the dispersion of BP-3-MS in the water-base sunscreen cream was significantly 
improved. Beside, the SPF value of the BP-3-MS-containing sunscreen cream was also 
increased, indicating that the UV protection ability of the sunscreen cream was 
enhanced due to the encapsulation of BP-3 by the MS matrix. In addition, the BP-3 
release in triglyceride was largely decreased after encapsulation by the MS, implying a 
possibility of reduction in the percutaneous penetration of BP-3 for the BP-3-MS-
containing sunscreen. 

COLL 25 

Molecular display on nanoparticle surfaces 

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

Surface engineering of nanoparticles is critical for their future applications - especially 
biological ones. Recognition and targeting of nanoparticles for particular proteins or 
cells relies on suface chemistry for its specificity. In this talk I will discuss how the way in 
which molecules are displayed on the surface of a nanoparticle might be measured and 
controlled, in order to maximize beneficial biological impact. 

COLL 26 

Compaction of DNA on silica-supported cationic lipid bilayers 

Sushma Savarala1, Stephanie L Wunder1, Marc A Ilies2, mailies@temple.edu.  (1) 
Chemistry, Temple University, Philadelphia, PA 19122, United States  (2) 
Pharmaceutical Sciences, Temple University, Philadelphia, PA 19122, United States 

Sushma Savarala, Stephanie L. Wunder and Marc A. Ilies 



The use of exogenous genetic material for correcting inherited or acquired diseases 
constitutes a promising therapy, as it allows treatment at the core level where the 
disease is generated, rather than treating the symptoms. The technology involves the 
transfer of foreign DNA into host cells via physical, chemical or biological methods. An 
efficient and promising method is the gene gun technology, in which DNA absorbed on 
metallic nanoparticles is propelled into the tissues of a patient using a specialized 
helium gun. 

In this context, we are presenting our efforts towards an alternative composite DNA 
delivery system where the DNA is bound to a lipid bilayer supported on the surface of 
monolithic SiO2 inorganic nanoparticles. We have investigated DNA adsorption to 
supported lipid bilayers (SLBs) prepared from mixtures of saturated zwitterionic DMPC 
with either saturated (DMTAP) or unsaturated (DOTAP) cationic lipids on silica 
nanoparticles, using nano-differential calorimetry, dynamic light scattering, zeta 
potential measurements, TEM and gel electrophoresis. We were able to optimize SLBs 
that were colloidally stable at low ionic strength and able to efficiently bind DNA. 

COLL 27 

In-situ x-ray study of epitaxial ice grown on TiO2(011) 

Andi Barbour1, abarbour@anl.gov, Daniel C. Hennessy1, Michael Pierce1,2, Vladimir 
Komanicky3, Chenhui Zhu1, Hoydoo You1.  (1) Materials Science Division, Argonne 
National Laboratory, Argonne, Illinois 60439, United States  (2) Department of Physics, 
Rochester Institute of Technology, Rochester, New York 14623, United States  (3) 
Faculty of Sciences, Safarik University, Kosice, Slovakia 

We have recently grown ice single crystals on TiO2(011) wafers - having a rectangular 
surface unit cell - in the presence of water vapor at a temperature of 200K. A series of 
in-situ x-ray reflectivity measurements show gradual ice film growth. No ice powder 
formation is observed, and subsequent measurements of the substrate's 10L oxygen 
crystal truncation rod show successive addition to the integrated intensity near the anti-
Bragg (L~3). Such a change indicates formation of laterally ordered ice at the TiO2-ice 
interface. After several hours of growth, millimeter sized crystals are seen on the wafer. 
Rocking curves of the in-plane and out of plane ice Bragg peaks confirm the ice film's 
single crystalline nature. This work, authors, and the use of the Advanced Photon 
Source was supported by the U.S. DOE, Office of Basic Energy Sciences under 
Contract No. DE-AC02-06CH11357. V.K. at Safarik University was supported by VEGA 
1/0138/10 and VVCE-0058-007. 

COLL 28 

Single atom alloys as a strategy for selective heterogeneous hydrogenations 

Charles Sykes, charles.sykes@tufts.edu.Department of Chemistry, Tufts University, 
Medford, MA 02155, United States 



Hydrogenation reactions are central to the petrochemical, fine chemical, 
pharmaceutical, and food industries and are of increasing interest in energy production 
and storage technologies. Typical heterogeneous catalysts often involve noble metals 
and alloys based on platinum, palladium, rhodium and ruthenium. While these metals 
are active at modest temperature and pressure, they are not always completely 
selective and are expensive. We have demonstrated that single palladium atoms can 
convert the otherwise catalytically inert surface of an inexpensive metal into an 
ultraselective catalyst. We used high resolution imaging to characterize the active sites 
and temperature programmed reaction spectroscopy to probe the chemistry. The 
mechanism involves facile dissociation of molecular hydrogen at individual palladium 
atoms followed by spillover onto the copper surface, where ultraselective catalysis 
occurs by virtue of weak binding. The reaction selectivity is in fact much higher than that 
measured on palladium alone, illustrating the unique synergy of the system. 

COLL 29 

Ordered growth of upright Melamine species on Ni{111}: A study with Scanning 
Tunnelling Microscopy and Reflection Absorption Infrared Spectroscopy 

John Greenwood, jg568@st-andrews.ac.uk, Herbert A Fruchtl, Federico Grillo, 
Christopher J Baddeley.Department of Chemistry, University of St Andrews, St 
Andrews, Fife KY16 9ST, United Kingdom 

The adsorption of melamine was investigated on the Ni{111} surface under ultrahigh 
vacuum conditions. Molecular packing and conformation are investigated with STM and 
RAIRS. The adsorption behaviour was found to be strongly influenced by the substrate 
with RAIRS indicating that the molecular plane is close-to perpendicular to the surface. 
Thermally stable one-dimensional chains of partially dehydrogenated melamine are 
formed on the Ni surface aligned along the <-211> crystallographic directions. 

 

 
 

COLL 30 

Electron induced deposition and reactions of organometallics: a surface science 
perspective 

Howard Fairbrother1, howardf@jhu.edu, Samantha Rosenberg1, Josh Wnuk1, Kees 
Landheer2, Cornelis Hagen2.  (1) Chemistry, Johns Hopkins University, Baltimore, MD 
21218, United States  (2) Faculty of Applied Sciences, Delft University of Technology, 
Delft, The Netherlands 

Focused electron beam induced processing (FEBIP) is a minimally-invasive, 
lithographic strategy that uses the electron stimulated decomposition of volatile 



organometallics under low vacuum conditions to fabricate and prototype three-
dimensional metallic nanostructures. One of the limitations of FEBIP lies in the often 
unacceptably high level of organic contamination in the deposits which adversely affects 
properties and restricts their value (e.g. as catalysts and biosensors). At the heart of 
FEBIP are the electron stimulated reactions of the surface bound organometallic 
precursors which are responsible for deposition and the ultimate chemical composition 
of the deposit. In this presentation I will describe how surface analytical techniques have 
been used to provide mechanistic and kinetic insights into the influence that ligand 
architecture, substrate temperature and electron fluence have on the surface reactions 
and molecular level processes that underpin FEBIP. The implications of these results in 
terms of improving FEBIP will also be discussed. 

COLL 31 

On-Surface "Click-Chemistry" 

Fabian Bebensee1, fabian@inano.au.dk, Christian Bombis1, Sundar Vadapoo1, Jacob 
Cramer2, Kurt V Gothelf2, Flemming Besenbacher1, Trolle Linderoth1.  (1) iNANO and 
Department of Physics, Aarhus University, Denmark  (2) iNANO and Department of 
Chemistry, Aarhus University, Denmark 

The on-surface synthesis scheme for joining molecular building blocks by strong 
covalent bonds has received tremendous interest in the last years: it offers advanced 
molecular surface nanostructures with enhanced chemical and thermal stability than 
structures prepared from non-covalent self-assembly. One challenge is to identify 
suitable organic reactions that will readily proceed under UHV conditions with the 
reactants confined on a surface. 

We employed STM and XPS to study the the “click-reaction” – the Cu-catalyzed 
Huisgen cycloaddition – between terminal alkyne (9-ethynylphenanthrene) and azide (4-
azidobiphenyl) molecules on Cu(111). We chose this substrate in our experiments in 
order to mimic the Cu-catalyst employed in standard procedures to run this reaction (in 
solution). We find evidence that the reaction proceeds under these restrictive 
conditions. Interestingly, our data suggest the presence of more than one single 
conformer of the product, despite reports that solid copper catalyzes the reaction and 
thus should yield only a single regio-isomer. 

COLL 32 

Methane activation on Ni and Ir surfaces: The role of surface temperature, surface 
residence time, and vibrational symmetry 

Arthur Utz, arthur.utz@tufts.edu, Victoria Campbell, Nan Chen, Yongli Huang, Eric 
Peterson, Eric Dombrowski.Department of Chemistry, Tufts University, Medford, MA 
02155, United States 



Internal-energy-resolved measurements of methane dissociation on Ni(111) and Ir(111) 
reveal how surface temperature, surface residence time, and vibrational symmetry 
affect reactivity. At low surface temperature, methane (CH4) molecules prepared v=1 of 
the ν3 C-H stretch vibration exhibit an abrupt translational energy threshold for 
dissociative chemisorption on Ni(111) and significant activation by surface vibrations at 
higher surface temperatures. On Ir(111), the same C-H stretching state promotes 
dissociative chemisorption via both direct and precursor-mediated reaction channels. 
Recent experiments compare the reactivity of symmetric and antisymmetric C-H 
stretching states of di-deutero methane, CH2D2, on Ni(111) and explore how the 
vibrational symmetry of methane may influence vibrational energy redistribution and 
transition state access during the gas-surface encounter. 

COLL 33 

Vibrationally bond-selected chemisorption of methane on Pt(111) studied by 
reflection absorption infrared spectroscopy 

Rainer D Beck, rainer.beck@epfl.ch.SB-ISIC-LCPM, Ecole Polytechnique Federale de 
Lausanne, Lausanne, VD 1015, Switzerland 

Reflection absorption infrared spectroscopy (RAIRS) was used to probe for vibrational 
bond-selectivity in the dissociative chemisorption of three partially deuterated methane 
isotopologues on a Pt(111) surface. While a combination of incident translational energy 
and thermal vibrational excitation produces a nearly statistical distribution of C-H and C-
D bond cleavage products, we observe that laser excitation of an infrared active C-H 
stretch normal mode leads to highly selective dissociation of a C-H bond for CHD3, 
CH2D2, and CH3D. Our results show that vibrational energy redistribution between C-H 
and C-D stretch modes due to methane/surface interactions is negligible during the sub-
picosecond collision time which indicates that vibrational bond-selectivity may be the 
rule rather than the exception in heterogeneous reactions of small polyatomic 
molecules. 

COLL 34 

Structure, dynamics and mechanism of a single-molecule electric motor 

Colin J Murphy, colin.murphy@tufts.edu, Melissa Liriano, Mitchell J Duffy, Wojciech 
Musial, April D Jewell, Heather L Tierney, Allister F McGuire, Charles H 
Sykes.Department of Chemistry, Tufts University, Medford, MA 02155, United States 

Future nanomechanical devices, such as fluid pumps, sensors and switches, will all rely 
on moving molecules as key components. To operate these devices, it is important to 
understand and direct molecular rotation. We utilized a Low Temperature Scanning 
Tunneling Microscope (LT-STM) to both drive and measure the rotation of a single 
asymmetric thioether molecule bound to a copper (111) surface. Due to the hexagonal 
arrangement of the underlying Cu atoms the rotor molecule has six favorable 



orientations, with an asymmetrical barrier to rotation around the Cu-S bond. To produce 
anisotropic rotation, a tunneling current is applied to periodically excite the molecule, 
resulting in a flashing ratchet like mechanism of molecular rotation. The progression of 
molecular orientations relative to the tip can be determined by the exponential 
dependence of tunneling current on distance. This allows evaluation of the rate, 
direction and magnitude of rotation between these orientations in real time. 

COLL 35 

Self-assembled monolayers of nitroaromatics on Au(111) for molecular 
recognition 

Brian G. Willis, bgwillis@engr.uconn.edu, Xiaoqiang Jiang, Kan Fu, Hui Li.Chemical, 
Materials, and Biomolecular Engineering, University of Connecticut, Storrs, CT 06269, 
United States 

Molecular recognition, the specific interactions between molecules, is key to many 
biological processes, but extending these concepts to solid state electronic devices has 
been difficult. Solid-state devices are promising for numerous sensing applications 
ranging from healthcare to homeland security, but a lack of specificity makes it difficult 
to sense molecular targets in complex, real-world environments where interferents are 
present at unpredictable levels. In this work, we investigate self-assembled monolayers 
as model systems for understanding specific interactions between molecules. These 
experiments require unraveling molecule-molecule interactions from molecule-surface 
interactions. Nitroaromatics have been investigated as a model system for these 
experiments. These molecules are interesting both for their relevance to explosives 
detection and for their strong dipole moments. Experiments and density functional 
theory calculations are used to better understand how the Van der Waals forces 
between molecules lead to self-assembly. Standard DFT functionals are compared with 
dispersion corrected calculations and experiment to assess the importance of these 
corrections to self-assembly. It is found that dipole interactions lead to dimer pairing, 
and self-assembly of dimer units leads to a stable monolayer.  

 
 

COLL 36 

Development of gemcitabine nanoparticles to overcome drug resistance is 
pancreatic cancer 

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

Pancreatic cancer is one of the most lethal forms of cancer with a five-year survival rate 
below 4%. As the first line treatment for pancreatic cancer, gemcitabine is prone to the 
degradation of deoxycytidine deaminase in blood into the chemotherapeutically inactive 



uracil derivative. In addition, human equilibrative nucleoside transporter family, 
especially hENT1, is required for gemcitabine to enter cells. Many types of pancreatic 
cancer cells down-regulate hENT1 to produce gemcitabine resistance. In this study, 
gemcitabine nanoparticles were developed. These nanoparticles are stable under 
physiological conditions, but slowly release free gemcitabine in intracellular 
environment. Also, the nanoparticle form of gemcitabine is resistant to the degradation 
of deoxycytidine deaminase. Furthermore, these nanoparticles explore the endocytosis 
pathway to enter cancer cells, which can overcome the gemcitabine resistance related 
to down-regulation of hENT1. Gemcitabine nanoparticles appear to have several 
advantages compared to free gemcitabine and hopefully will provide new opportunities 
for pancreatic cancer treatment. 

COLL 37 

BTHO Cancer: Novel Inorganic Layered Nanoplatelets for Drug Delivery in Cancer 
Nanotherapy 

Agustin Diaz1, agustin143pr@gmail.com, Vipin Saxena2, Julissa Gonzales3, Brian 
Mosbey1, Carrie Carpenter1, Jorge L. Colón3, M. Delwar Hussain2, James D. Batteas1, 
Abraham Clearfield1.  (1) Department of Chemistry, Texas A&M University, College 
Station, Texas 77842, United States  (2) Department of Pharmaceutical Sciences, 
Texas A&M Health Science Center, Kingsville, Texas 78363, United States  (3) 
Department of Chemistry, University of Puerto Rico, Rio Piedras, Puerto Rico 00931, 
United States 

The lack of selectivity and sufficient delivery of the current anticancer agents in use is a 
major cause of severe side effects and treatment failures. Our approach is to use 
zirconium phosphate (ZrP) nanoplatelet, an inorganic layered nanoparticle, for targeted 
delivery of anticancer drugs to cancer cells and control release of drugs inside the cells 
in response to the endosome microenvironment. ZrP platelet shape is particularly 
important for nanoparticles to deliver anticancer drugs to tumors as it can overcome 
some of the disadvantages of spherically shaped nanoparticles. ZrP are themselves 
non-toxic to human cells and can intercalate high load of many different anti-cancer 
drugs between their layers. We have illustrated this assertion by placing high levels of 
doxorubicin (DOX) within the layers. In-vitro studies with DOX@ZrP in breast cancer 
cell line (MCF-7) showed a 50-fold death of the cells after 48 hours of incubation, 
compared with only doxorubicin. 

COLL 38 

Bifunctional cyclodextrin nanoparticles for combined approaches in the therapy 
of cancer 

Antonino Mazzaglia1, antonino.mazzaglia@ismn.cnr.it, Claudia Conte2, Angela Scala1, 
Gabriel Siracusano3, Maria Teresa Sciortino3, Antonio Barbieri4, Giuseppe Palma4, 
Claudio Arra4, Francesca Ungaro2, Fabiana Quaglia2.  (1) National Council of Research, 



Institute for the Study of the Nanostructured Materials, CNR- ISMN, Messina, Italy  (2) 
Department of Pharmaceutical and Toxicological Chemistry, University of Naples 
Federico II, Naples, Italy  (3) Department of Life Science, University of Messina, 
Messina, Italy  (4) Animal Facility, National Cancer Institute [quot]G. Pascale[quot], 
Naples, Italy 

Bimodal therapies aim to exploit complementary effects arising from the action of two 
species at the same site with the goal to optimize the therapeutic efficacy. Recently, 
nanoparticles of cationic amphiphilic β- cyclodextrins (cNPs) and non- ionic (niNPs) 
were proposed as effective anticancer1 and photosensitiser2 drug carriers, and for 
simultaneous photogeneration of therapeutic species.3 We here focus on niNPs for the 
dual delivery of docetaxel and zinc-phtalocyanine as system for the combination of 
chemotherapy and photodyanamic therapy in solid tumors. Morphological, 
spectroscopic and release properties, and interaction with relevant biological media 
were investigated. In vitro and in vivo potential of niNPs was assessed in different cell 
lines and an orthotopic animal model of breast cancer. 

AIRC-MFAG n° 8843 is gratefully acknowledged 
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Stimuli responsive multifunctional nanoGUMBOS for drug delivery to cancer cells 

Susmita Das, susmita@lsu.edu, Paul Magut, Farhana Hasan, Sergio L deRooy, Lijie 
Zhao, Isiah M Warner.Chemistry, Louisiana State University, BATON ROUGE, LA 
70803, United States 

Stimuli responsive nanoparticles with simultaneous fluorescent and magnetic properties 
as well as capable of rapid drug release when exposed to acidic pH conditions are 
highly desirable for drug delivery to cancer cells. Two separate categories of 
nanoGUMBOS, one xanthenes dye based and other phthalocyanine based were 
synthesized that are multifunctional as well as responsive to environmental pH changes. 
The GUMBOS (G roup of U niform M aterials B ased on O rganic S alts) were based on 
a phthalocyanine based cation and a bile acid based anion for one case while 
xanthenes based anion and a phosphonium based cation for the other. Phthalocyanine 
based nanoGUMBOS which were spherical with a diameter of 10-20 nm at 
physiological pH, were observed to expand and coalesce at an acidic pH (6). This 
property of the nanoGUMBOS is considered to very important for target specific drug 



delivery to cancer cells. The fluorescence and magnetic properties will allow the 
tracking of the nanoparticles and imaging as well. The xanthene based nanoGUMBOS 
besides being expansile at acidic pH also exhibit colorimetric distinction. The 
cytotoxicity studies indicate nearly 80 % cell viability revealing fairly high biocompatibility 
of these nanomaterials. 

 

 
 

COLL 40 

Self-assembled Supramolecular Nanobeacon for Cancer Imaging 

Shuang Liu, sliu67@jhu.edu, Andrew Cheetham, Honggang Cui.Department of 
Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 
21218, United States 

Molecular beacons that include a pair of fluorophore and quencher linked by an 
enzymatic cleavable linker have been designed to convert enzymatic activities into 
detectible fluorescence signals for cancer imaging via targeting on overexpressed 
enzymes. However, the major challenge of using soluble molecular probes is their non-
effective delivery to the tumor sites due to non-specific binding, degradation by non-
specific enzymes and short plasma circulations. In this work, supramolecular 
nanobeacon are designed to include a peptide domain that can drive self-assembly of 
molecular beacons, which can induce the embedding of hydrophobic fluorescence 
probes inside of self-assembled nanostructure and therefore protect the enzymatic 
cleavable linker from being cleaved non-specifically during circulation. Their 
nanostructures, including sizes, shapes and surface charges, can be manipulated 
through the sequence design of self-assembly peptide domain to achieve optimized in 
vivo delivery. 

COLL 41 

Nano-formulated maytansinoid: Nanotechnology for rescuing previously failed 
cancer drugs 

Yiqing Wang1, ywang89@emory.edu, Gee Young Lee2, Lily Yang2, Shuming Nie1.  (1) 
Department of Biomedical Engineering, Emory University, Atlanta, Georgia 30322, 
United States  (2) Departments of Surgery, Emory University, Atlanta, Georgia 30322, 
United States 

Extensive studies have shown that the in-vitro cytotoxicity of maytansine is over 1000-
fold more potent than paclitaxel, but the in-vivo results of this cancer drug are rather 
disappointing: there was one partially response over 800 patients. Recent development 
of ADCs (antibody-drug conjugates) using maytansine derivatives as the warhead has 



demonstrated that this drug can be conjugated to antibodies for in-vivo tumor targeting 
and therapy. Here we present results showing that similar in vivo results can be 
obtained by using nanoparticles based on acetalated dextran-PEG (ADP), a self-
assembled pH-response and biodegradable polymer. Compared with its precursor, the 
nano-formulated ADP-maytansinoid showed not only improved in-vivo efficacy but also 
reduced toxicity in animal xenograft tumor models. 

COLL 42 

Targeted starch nanoparticles for cancer therapy 

Ryan Wagner, ryanhwagner@gmail.com, Nathan Jones, mathan31415@gmail.com, 
Aareet Shermon.Nanotechnology Engineering, University of Waterloo, Waterloo, 
Ontario N2L 3G1, Canada 

The advantages of nanoparticles as vehicles to deliver drugs have been well-studied 
and characterized; alternatives include polymer-based solutions, liposomes, or core-
shell colloidal particles. We developed and examined the use of starch-hydrogel 
nanoparticles as a targeted delivery vehicle using DNA aptamer-targeting ligands to 
deliver encapsulated drug specifically to cancer cells. After TEMPO-mediated oxidation 
of starch hydroxyl moieties to carboxyl functionality, EDC-NHS chemistry linked amine-
modified ss-DNA aptamers—in particular, nucleolin-targeting agent (AS1411). 
Fluorescence and confocal microscopy demonstrated improved targeting using the 
aptamer, and we observed high cellular internalization of particles. Different starch 
nanogel particle compositions with doxorubicin were used to measure the effect of 
hydrogel cross-link density on the drug release profile, which demonstrated potential for 
this property to better control both the distribution and the release of carried drug. 
Further, a cell viability study demonstrated superiority over free doxorubicin. Starch-
hydrogel nanoparticle vehicles could be a cost-effective method to improve 
chemotherapy. 

COLL 43 

C-X-C chemokine receptor type 4 (CXCR4)-targeted Liposomes Mediate Specific 
and Efficient Doxorubicin Delivery to Metastatic Breast Cancer Cells 

Peng Guo, peng0351@gmail.com, Debra Auguste.School of Engineering and Applied 
Sciences, Harvrad University, Cambridge, MA 02138, United States 

Metastatic breast cancer is one of the most debilitating and lethal forms of cancer. It is 
the final stage of breast cancer (stage IV), and associated with 90% of breast cancer 
mortality. We invent a novel CXC-chemokine receptor type 4 (CXCR4)-targeted 
liposome that could specifically and efficiently delivers anti-tumor chemotherapeutic, 
doxorubicin, to the metastatic breast cancer cells. Chemokine receptor CXCR4 is 
recently found over-expressed on the membrane of breast cancer cells. Antibody 
blocking of CXCR4 could dramatically reduce breast tumor metastasis. In our study, our 



CXCR4-targeted liposome that (1) targets to CXCR4 over-expressed breast cancer 
cells; (2) blocks homing along the CXCL12-CXCR4 axes to inhibit tumor metastasis; (3) 
protect and deliver anti-cancer doxorubicin to cancer metastases; and (4) can be 
monitored in vivo via a fluorescent molecular tomography-computed tomography. Thus, 
we prepare a multifunctional therapeutic approach that is unprecedented; it combines 
nanotechnology and cancer biology to inhibit breast cancer metastasis. 

COLL 44 

Nanosized Bimetallic Metal-Organic Frameworks used for Cancer Diagnosis and 
Therapy 

Jingbo L Liu1,2, kfjll00@tamuk.edu, Sajid Bashir1, Hong-Cai Zhou2.  (1) Department of 
Chemistry, Texas A&M University-Kingsville, Kingsville, Texas 78363, United States  (2) 
Department of Chemistry, Texas A&M University, College Station, Texas 77842-3012, 
United States 

Bi-metallic organic frameworks (MOFs) are multi-topic ligands with a central atom. A 
well-known application of MOFs is hydrogen storage and carbon dioxide capture; 
however, it has recently been shown that many of the engineered MOFs can be applied 
for medical diagnostics and cancer therapy. The two goals are to: (1) conduct 
multidisciplinary project in the biological and physical sciences to develop new lines of 
diagnostics or cancer therapy tools; and (2) optimize the fabrication variables of MOFs. 
To accomplish the above goals, we have investigated the fabrication of nano-MOFs 
using feasible solvo-thermal approaches to formulate particles and characterize the 
nano-MOFs using state-of-the-art instrumentation; and to evaluate their in vitro 
cytotoxicity using model cell lines and hemocompatibility of MOFs with human red blood 
cells. The scope of this article will focus on introductory nanoscience, synthesis 
strategies and structural analysis techniques followed by specific examples related to 
diagnostics and cancer therapy. 

COLL 45 

Targeting cancer cell nuclei with plasmonic nanoparticles: time dependent 
imaging of their behavior in life and in the process of dying. 

Mostafa A El-Sayed, melsayed@gatech.edu.Department of Chemistry and 
Biochemistry, Georia Institute of Technology, atlanta, Georgia 30332-0400, United 
States 

Confining plasmonic nanoparticles to the cancer cell nucleus interferes with the cell 
cycle and induces DNA breaks. This interferes with the normal cell division and induces 
programmed apoptotic cell death. Confining photons to the small size of the plamonic 
nanoparticle greatly enhances their light scattering properties. This enable us to image 
the behavior of cancer cells during their cycles and as they die. The response of the 
community to the death of some is very different for gold1 nanoparticles targeting than 



for silver2 nanoparticle targeting. This is due to the difference in the death mechanism 
involved. The dependence of the efficiency of the apoptotic death mechanism on the 
plasmonic nanoparticle shape is observed and discussed. 

1. B Kang, M Mackay and M A El-Sayed, JACS Comm, 2010, 132 (5), p 1517. 
2. . L Austin, B Kang, M. El-Sayed, JACS Comm, 2011 , 133 (44), p17594. 
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Friction in Flatland: Nanotribological behavior of graphene and other atomic 
membranes 

Robert W Carpick, carpick@seas.upenn.edu.Mechanical Engineering and Applied 
Mechanics, University of Pennsylvania, Philadelphia, PA 19104, United States 

Adhesion and friction forces at the nanoscale have dramatic effects in nanoscale 
materials and devices; understanding and predicting these forces present many 
fascinating challenges that remain unresolved. In this talk, I will discuss the nature of 
friction and adhesion measured with atomic force microscopy for nanoscale contacts 
with truly 2-dimensional materials including graphene. We find that the friction force 
exhibits a significant dependence on the number of 2-D layers present, while the 
adhesion force, measured using an established method, does not. However, we find 
that time- and history-dependent effects in the adhesion measurements provide an 
important clue to understanding the underlying mechanisms, which appear to be unique 
to 2-D atomic membranes. 
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COLL 47 

Atomic scale friction and charge transport properties of graphene 

Jeong Young Park, jeongypark@kaist.ac.kr.EEWS Graduate School, Kaist, Daejeon, 
Republic of Korea 

Since energy dissipation in friction is mediated by basic elements, including phonon and 
electron-hole excitation, understanding the relationship between friction and charge 
transport properties is an important subject in the field of nanotribology. In this talk, I will 
highlight the recent works of domain imaging based on friction and current mapping with 
current sensing atomic (friction) force microscopy. Graphene, a single layer of graphite, 
is attracting great interest due to its remarkable electrical and mechanical properties 
and possible applications in emerging electronic devices. Mechanical exfoliation, 
however, may induce strain on the graphene layer during deposition on a substrate and 



can create wrinkled films and other defects due to interactions with the substrate that 
might introduce uneven compressive and tensile stresses. I will show the observation of 
domains on exfoliated monolayer graphene with differing friction characteristics, as 
measured by friction force microscopy. Angle-dependent scanning revealed friction 
anisotropy with a periodicity of 180° on each friction domain. The origin of the friction 
domains can be explained in light of ripple distortions that give rise to anisotropic friction 
in each domain as a result of the anisotropic puckering of the graphene. The recent 
experiments on charge transport properties of mechanically stressed graphene will be 
discussed. Current mapping on single layer graphene prepared using inductively-
coupled plasma chemical vapor deposition revealed nanoscale domain boundaries. The 
conductance on the domain boundary is lower than that inside the domain structure, 
which is associated with atomic-scale disorder on the boundary. The influence of 
chemical modification of graphene on friction and charge transport properties will be 
discussed. 

COLL 48 

Shear interactions within carbon nanotube bundles 

Jeffrey T. Paci2,3, jeffrey.paci@gmail.com, Tobin Filleter1, Scott Yockel2, Mohammad 
Naraghi1, Owen C Compton2, Maricris L Mayes2, SonBinh T. Nguyen2, George C 
Schatz2, Horacio D Espinosa1.  (1) Department of Mechanical Engineering, 
Northwestern University, Evanston, IL 60208, United States  (2) Department of 
Chemistry, Northwestern University, Evanston, IL 60208, United States  (3) Department 
of Chemistry, University of Victoria, Victoria, BC V8W 3V6, Canada 

Shear interactions between adjacent carbon nanotubes (CNTs) in fibers and 
nanocomposites play an important role in mechanical behavior. We have taken a 
combined experimental-computational approach to investigate shear interactions 
between CNTs within bundles. The force required to pull out an inner bundle of tubes 
from an outer shell of tubes was measured using in situ scanning electron microscopy-
based methods. The normalized force per CNT-CNT interaction (1.7 +/- 1.0 nN) was 
found to be significantly higher than predictions based on molecular mechanics (MM) for 
bare CNTs (0.3 nN). The MM force is similar to that required to expose newly formed 
CNT surfaces, indicating that the observed pullout force is due to factors beyond those 
associated with potential energy effects for bare CNTs. Further theoretical 
considerations were used to explore the role of carbonyl functional groups terminating 
the free ends of the CNTs, corrugation of the CNT-CNT interactions, polygonization of 
the nanotubes due to their mutual interactions, the possible existence of surface 
functional groups, and dissipation. The relative importance of these various 
contributions will be described in this talk. The sum of force contributions from potential 
energy and dissipation effects were found to agree with the experimentally-predicted 
pullout force, within experimental error. 

COLL 49 



Hard carbon microspheres as nano-ball-bearings in aqueous-based lubrication 

Noshir Pesika, npesika@tulane.edu.Chemical and Biomolecular Eng, Tulane 
University, New Orleans, LA 70118, United States 

Lubricants play an integral role in the operation of several technologies and in biology, 
ranging from moving parts in machinery to the biolubrication of articular joints. We have 
found that a colloidal dispersion consisting of easily synthesized highly spherical and 
uniform carbon particles coupled with a surfactant coating results in an effective water-
based lubricant with low friction coefficients and excellent surface wear protection. We 
propose that these particles use a rolling mechanism similar to nano- or microscale ball 
bearings under confinement. The effect of several system parameters of lubrication 
including particle size, surfactant coating, and surface chemistry will be presented. 

COLL 50 

On the superlow friction behavior of certain carbon-based materials and 
coatings: Recent developments and future prospects 

Ali Erdemir, erdemir@anl.gov.Energy Systems Division, Argonne National Laboratory, 
Argonne, IL 60439, United States 

Carbon-based materials and coatings continue to attract a great deal of attention mainly 
because of their unusual chemical, structural and tribological characteristics. Despite 
being around for more than half a century, diamondlike carbon (DLC) coatings enjoyed 
a steady growth in both applications and scientific studies, but lately, attention has 
somewhat shifted to graphene and related materials. All and all, when synthesized and 
rubbed the right way, certain DLC films appear to provide the lowest friction and wear 
coefficients recorded to date. In this presentation, we will focus our attention to some of 
the surface chemical and physical aspects of superlubricity in DLC films. In particular, 
we will emphasize the importance of certain intrinsic (i.e. film specific) and extrinsic 
(environmental) factors in enabling the right kinds of tribochemistry and hence 
superlubricity on the sliding surfaces of such films. 

COLL 51 

Using Surface Texturing and Vapor Phase Lubrication to Reduce Friction and 
Wear of Diamond-Like Carbon 

Ala' Al-Azizi1, aaa253@psu.edu, Anthony Barthel1, Osman Eryilmaz2, Ali Erdemir2, 
Seong Kim1.  (1) Chemical Engineering Department, Pennsylvania State University, 
State College, Pennsylvania 16802, United States  (2) Energy Systems Division, 
Argonne National Laboratory, Argonne, Illinois 60439, United States 

The high friction and wear coefficients of contacting surfaces present serious 
problems at the micro and nano-scale contacts. Vapor phase lubrication, through 



the adsorbed molecules, can reduce adhesion, and thus wear between the 
contacting surfaces. Furthermore, surface texturing, which can reduce the 
contact area and improve hydrodynamic efficiency, may also help reduce friction 
coefficient between the rubbing contacts. Diamond-Like Carbon (DLC) is used as 
a coating material because of its high hardness and chemical inertness and 
resistance to friction and wear. DLC shows an ultralow friction coefficient, but 
wear may be high depending on operating conditions and environments. On the 
other hand, ball-on-flat tribometer tests show that using alcohol vapor as a 
lubricant on DLC prevents the wear of DLC surface even though the friction 
coefficient isn't very low. Combining both vapor phase lubrication and surface 
texturing, which is produced by maskless fabrication method using reactive 
polystyrene colloids, should result in reduction of both wear and friction 
coefficient on DLC. Investigation of different vapors and textured surfaces could 
lead to wear-free and frictionless contact on DLC. 

COLL 52 

Nanoscale wear of diamond-like-carbon coated AFM probes 

Kevin T. Turner1, kturner@seas.upenn.edu, Jingjing Liu2, David S. Grierson2, Robert 
W. Carpick1.  (1) Department of Mechanical Engineering and Applied Mechanics, 
University of Pennsylvania, Philadelphia, PA 19087, United States  (2) Department of 
Mechanical Engineering, University of Wisconsin, Madison, WI, United States 

Nanometrology and nanomanufacturing processes based on atomic force microscopy 
(AFM) are increasingly being used in industry as they allow for quantitative 
measurement and patterning of feature sizes than cannot be accessed via optical 
methods. With this increased use of AFM in industrial processes, the mechanical 
durability of AFM tips has become a key concern. We have quantified the wear of 
diamond-like-coated AFM probes using a combination contact-mode scanning, 
transmission electron microscopy, and inverse imaging. The wear was quantified under 
varying loads on the tip and the wear rate was observed to vary linearly with average 
compressive stress in the tip-sample contact. Details of the experimental methods, 
mechanics analysis of the contacts, and results will be presented. Possible mechanisms 
for the observed wear will also be discussed. 

COLL 53 

Colloid science: past, present, and future 

Egon Matijevic, ematijevic@clarkson.edu.Center for Advanced Materials Processing, 
Department of Chemistry and Biomolecular Science, Clarkson University, Potsdam, NY 
13699, United States 

A short history of colloid science will be given with the most important developments 
over the past century. Two areas, will be specifically addressed, i.e. the preparation, 



mechanisms of formation, and properties of uniform fine particles, and their stability in 
liquids. The second part deals with the medical aspects of colloids in drug delivery 
systems and in diagnostics 

COLL 54 

Asymmetrical flow field-flow fractionation: a powerful tool to track the 
aggregation of nanocrystals in biological media. 

Alexandre Moquin, Francoise M Winnik, 
francoise.winnik@umontreal.ca.Pharmacy/Chemistry, University of Montreal, Montreal, 
QC H3C 3J7, Canada 

Quantum dots and gold nanoparticles are frequently used to monitor cellular 
mechanisms in-vitro or in-vivo. Usually, nanoparticle suspensions in a neutral buffer are 
injected in the cellular environment where they encounter a complex mixture of proteins 
that may, or may not, cause irreversible aggregation, a phenomenon that greatly affects 
nanoparticle/cell interactions. Asymmetrical flow field-flow fractionation is a sensitive 
and mild analytical method enabling the separation of nanoparticles and aggregates 
and subsequent size measurement by static and dynamic light scattering. We will 
describe a comprehensive analysis of suspensions of quantum dots and gold 
nanoparticles in serum and provide direct evidence of the state of aggregation of 
nanoparticles in the cellular medium. This information is critically needed to understand 
the mechanisms of nanoparticle internalization in the cell. 

COLL 55 

Cornell dots: Fluorescent core-shell silica nanoparticles for clinical applications 

Ulrich Wiesner, ubw1@cornell.edu.Department of Materials Science and Engineering, 
Cornell University, Ithaca, NY 14853, United States 

Fluorescent nanoparticles offer enormous scientific and technological promise as labels 
and photon sources for a range of biotechnological and nanomedicine applications. 
Many applications require size-controlled, monodisperse, bright nanoparticles that can 
be specifically conjugated to biological macromolecules and targeted to specific 
environments. As an alternative to single molecule fluorophores and quantum dots, a 
novel class of multifunctional fluorescent silica-based core-shell nanoparticles referred 
to as Cornell dots or simply C dots derived through a modified Stöber process hold 
particular promise since they are more biocompatible and are water soluble, and silica 
chemistry is well established and extremely versatile. The presentation will report on 
results on C dot synthesis, characterization and optical properties. Various life sciences 
applications are demonstrated with specific developments towards labels for 
nanomedicine. The latter includes discussion of the first nanoparticle of its class and 
properties receiving investigational new drug (IND) FDA approval for first in-human trials 
in the US. 



COLL 56 

Nanoparticle-based technologies for diagnosis and therapy 

Silvana Andreescu, eandrees@clarkson.edu.Department of Chemistry and 
Biomolecular Science, Clarkson University, Potsdam, NY 13699-5810, United States 

Metal oxide nanoparticles have attracted considerable interest in the field of biomedical 
therapeutics, bio-diagnosis and biosensing due to their unique structure, interesting and 
unusual redox and catalytic properties, high surface area, good mechanical stability and 
biocompatibility. This presentation will discuss properties and biomedical applications of 
selected nanometer size metal oxides for use in clinical diagnosis and therapy, including 
development of biosensors with high sensitivity and low oxygen dependency, 
development of colorimetric test strips for point-of-care diagnosis and nanoparticle-
based platforms with built-in antioxidant and antimicrobial properties. The functionality 
of these devices in biological relevant conditions and strategies for evaluating the 
antioxidant activity of these platforms for potential therapeutic uses will be discussed. 
Issues related to biocompatibility and toxicity of these nanoparticles will also be 
addressed. 

COLL 57 

Pharmaceutical applications of fine particle science 

Bill Bosch, bill@iceutica.com.iCeutica, Inc., King of Prussia, PA 19406, United States 

The oral absorption of active pharmaceutical ingredients which are lipophilic and poorly 
water soluble is often slow, incomplete, and variable. In many instances this is due to 
slow rates of drug dissolution in-vivo and can result in sub-therapeutic blood levels, 
toxic peak plasma concentrations, or slow onset of efficacy. Fine particle technology, 
where drug substance particles are less than 1 micrometer in diameter, has been used 
to increase drug dissolution rates in several marketed prescription products as well as 
many in clinical development, and can often address the performance limitations 
described above. Dosage forms containing submicron active ingredients can be 
manufactured by wet or dry milling processes. Both approaches will be described, and 
the performance advantages of fine particle technology in two commercial products 
(TriCor® (fenofibrate) Tablets and Megace® ES (megestrol acetate) Oral Suspension) as 
well as some products in clinical development will be discussed. 

COLL 58 

Colloid technologies for combating chemical overdoses 

Richard Partch2, Evon Powell2, Adrienne Stamper2, Abeer Al Bawab1, 
drabeer@ju.edu.jo, Fadwa Odeh1.  (1) Chemistry, UJ, Amman, Jordan  (2) chemistry, 
Clarkson University, Potsdam, NY 13699, United States 



The axiom “all life is dependent on chemicals” is true but the chemicals must be the 
right kind and in the right proportions for healthy growth. A second truth is that “external 
or internal contact with chemicals in overdose concentrations may result in either 
discomfort, disease or in death”. Often the very therapeutic chemicals (medicines by 
any other name) created to reduce or eliminate one type of malady result in 
complications elsewhere in the body when taken accidently in too high dosage. 
Furthermore, overdoses of illegitimate drugs and exposure to biotoxins damage organs 
and may lead to death. This presentation gives fundamental and applied information on 
oil-in water microemulsion and on functionalized carrier particle colloids designed to 
selectively bind and physiologically deactivate in vivo several commonly overdosed 
chemicals. EKG and NMR techniques have been employed to obtain important 
diagnostic information. 

COLL 59 

Targeted-delivery of macromolecular drugs (aptamers) to cancer cells using 
liposomes 

Fadwa Odeh, f.odeh@ju.edu.jo, Abeer Al Bawab, Rana Abu Dahab, Said 
Ismail.Department of Chemistry, The University of Jordan, Amman, Jordan 

Cancer is the second most frequent cause of death in Jordan. There are various types 
of treatment for cancer patient, these include: chemotherapy, radiation therapy, surgery 
and other miscellaneous methods. Several drugs have been developed for cancer 
treatment especially in the chemotherapy. However, the side effects of these drugs 
were severe since it mainly does not recognize cancer cells from normal ones. Due to 
this, it is vital to develop methods that specifically target cancer cells and hence 
minimizing normal cells exposure to these dangerous drugs. Aptamers (which are 
nucleic acid macromolecule that binds tightly to a specific molecular target and induce 
changes on the genetic levels which will lead eventually to cancer cells death) will be 
selected to bind with certain targets using SELEX. In this project, it is our aim to study 
and develop vehicles for targeted-delivery of macromolecular drugs. 

COLL 60 

Study of steric repulsion around human epithelial cells with atomic force 
microscopy 

Maxim E. Dokukin, dokukime@clarkson.edu, Nataliia Guz, Igor Sokolov.Department of 
Physics, Nanoengineering and Biotechnology Laboratories Center (NABLAB),, Clarkson 
University, Potsdam, NY 13699, United States 

Steric repulsion that exists around biological cells is important for the cell protection 
against various pathogens. As we recently demonstrated, this type of interaction can 
substantially be changed when cells become cancerous. Furthermore, the correlation 
between such repulsion and invasiveness of cancer cells is a plausible expectation. 



Therefore, it is important to extract the information about the steric repulsion in an 
accurate and quantitative manner. This is not a trivial task because the steric repulsion 
can be confused with the elastic deformation of the cell body. Here we describe the 
method that allows extracting the quantitative information about the steric repulsion. The 
method is presented for different AFM probes as well as cell shapes. We exemplify the 
above method with human cervical and cancerous breast epithelial cells. 

COLL 61 

Connecting the particles... 

Curtis J Zimmermann, curtis.zimmermann@basf.com.Innovation & Technology North 
America, BASF Corporation, Washington, DC 20005, United States 

For a graduate student in the formative years of a career in fine particle science, 
Clarkson University provided exceptional training for a successful future. With over half 
a century of core strength in colloid science, Clarkson continues to develop outstanding 
scientific talent in this arena. At the epicenter of colloid science has been the 
distinguished lifework of Egon Matijević, who has contributed vast scientific knowledge 
to the field and mentored leagues of students and scientists throughout his career. 
Graduate training at Clarkson in the fine particle sciences appeared at times to be a 
random walk exercise when looking forward. Later, upon reflection and looking back, 
the random walk was actually a predictable career path. Starting from early colloid 
training and research at Clarkson, the author will provide a retrospective analysis 
involving particle synthesis, surface modification, military obscuration, pearlescence and 
optical materials research so far along a 20+ year career. 

COLL 62 

Removal and immobilization of arsenic in groundwater using a new class of 
polysaccharide stabilized Fe-Mn oxide nanoparticles 

Byungryul An, Dongye Zhao, zhaodon@auburn.edu.Civil Engineering, Auburn 
University, Auburn, AL 36849, United States 

A new class of stabilized Fe-Mn binary oxide nanoparticles was prepared with a water-
soluble starch or carboxymethyl cellulose (CMC) as a stabilizer. The nanoparticles were 
characterized and tested with respect to sorption of As(III) and As(V) from water and for 
immobilization of As(III) in soil. While arsenic sorption capacities were comparable for 
bare, or stabilized Fe-Mn nanoparticles, the particle stabilization enabled the 
nanoparticles to be delivered into soil for in situ immobilization of As(III). High As(III) 
sorption capacity was observed over a broad pH range of 5-9. Column breakthrough 
tests demonstrated soil mobility of CMC-stabilized nanoparticles. Once delivered, the 
nanoparticles remain virtually immobile in soil under typical groundwater conditions. 
When an As(III)-laden soil was treated with CMC-stabilized Fe-Mn, the water leachable 
arsenic was reduced by 91%-96%, and the TCLP leachability was reduced by 94%-



98%. Consequently, As(III) is immobilized as the nanoparticles are immobilized in the 
soil. 

COLL 63 

Scaling control for high temperature and pressure oil production 

Amy T Kan, atk@rice.edu, Wei Shi, Wei Wang, Mason B Tomson.Brine 
ChemistryConsortium, Rice University, Houston, Texas 77005, United States 

The ultra-high temperature (150-250oC), pressure (1,000-2,000 bar) and TDS 
(>300,000 mg/L) in deepwater oil and gas production pose significant challenges to 
scaling control due to limited knowledge of mineral solubility, kinetics and inhibitor 
efficiency at these extreme conditions. A new apparatus was built to test scale formation 
and inhibition at high temperatures and pressures up to 250oC, pressure up to 1,500 bar 
and ionic strength up to 6m in solutions with elevated concentrations of mixed 
electrolytes (e.g., calcium, magnesium, sulfate and carbonate). Predictions by a 
thermodynamic model based on Pitzer's ion interaction theory were updated with these 
new data to provide reliable predictions of solubilities. A rigorous and comprehensive 
study have been conducted to investigate inhibitor thermal (up to 200 °C) degradation. 
The results enable a more accurate understanding of thermal degradation kinetics and 
shed light on potential chemical treatment to enhance inhibitor performance in high 
temperature environments. 

COLL 64 

Barium sulfate crystallization in the presence of carboxymethyl inulin and 
polyacrylic acid 

Emel Akyol, eakyol@yildiz.edu.tr, Bora Akın, Mualla Öner.Chemical Engineering 
Department, Yildiz Technical University, İstanbul, Turkey 

The precipitation of sparingly soluble salts as a scale is important problem in chemical 
industry due to down-time required to clean equipment and the cost of possible loss of 
product purity. These deposits cause a reduction in heat transfer rates in equipment's 
such as boilers, evaporators, heat exchangers, distillation units. Barium sulfate is a 
prevalent particularly in oil production but unwanted crystallization product. Therefore, 
the study of barium sulfate formation and prevention has attracted great scientific and 
industrial interest over past decades. 

The aim of the present paper is to investigate the influence of polymeric additives on 
inhibiting of crystallization of barium sulfate. Carboxymethyl inulin which has three 
different number of carboxylate group and polyacrylic acid were used as additives. It 
was found that the all additives tested in this study are effective inhibitors over 1 ppm 
concentration for the formation of barium sulfate scale. Additional results indicate that 
experimental parameters have significant influence on barium sulfate crystallization 



process. Depending on the experimental conditions, we obtained various crystal 
morphologies including rectangular, spherical and needlelike crystals. 

COLL 65 

Chemistry of metal silicate deposits from geothermal and petroleum produced 
waters 

Darrell L Gallup, Darrell@thermochem.com.Process Chemistry, Thermochem, Inc., 
Santa Rosa, California 95403, United States 

Siliceous scale deposits may be encountered in produced waters, especially in elevated 
temperature and pH systems. Certain cooling waters may also deposit silica-rich 
precipitates. These precipitates are often non- or poorly-crystalline due to kinetically-
controlled reactions, although crystalline minerals, such as quartz, are 
thermodynamically-stable/favored. Produced waters typically contain dissolved alkali or 
alkaline-earth salts and trace metals, which enhance silica precipitation through "salting 
out" effects or direct reactions. Metal-rich silicate scales deposit faster and at higher 
temperatures than may be predicted from kinetic and thermodynamic models. These 
metal silicate scales are often difficult to characterize due to non- or poor-crystallinity. 
The characterization and coordination chemistry of metal-rich silica scales is presented 
and discussed. 

COLL 66 

Impact of solution chemistry on silica polymerization in the presence of inhibitors 

Robert W. Zuhl, bob.zuhl@lubrizol.com, Zahid Amjad.Dispersants & Water Treatment 
Chemicals, Lubrizol Advanced Materials, Inc., Cleveland, OH 44141, United States 

Preventing silica deposition and/or fouling on industrial water system (e.g., cooling, 
desalination, geothermal) equipment surfaces are difficult challenges for water 
technologists. The silica and metal silicate solution chemistries are very complex. At 
neutral pH, monomeric silica polymerization can occur and cause colloidal silica 
deposition. Operating systems above pH 7 may reduce silica-based scaling problems 
because silica solubility increases with pH. However, operating systems above pH 8.5 
increases the potential deposition of a) magnesium silicate (if high silicate and Mg2+ 
ions levels are present and/or b) other scales (e.g., CaCO3 whose solubility decreases 
as pH increases). This paper investigates the influence of solution chemistry [i.e., silica 
supersaturation, pH, temperature, ionic strength, Fe(III), Al(III)] on the effectiveness of 
silica polymerization inhibitors. 

COLL 67 

Silica scale inhibition: Untangling the "Gordian Knot" of scale formation in 
industrial waters 



Konstantinos D. Demadis, demadis@chemistry.uoc.gr, Melina Preari, Ioanna 
Antonakaki, Anna Tsistraki.Department of Chemistry, University of Crete, Heraklion, 
Crete GR-71003, Greece 

Colloidal silica is one of the most unwanted deposits in the water treatment industry. Its 
control is a complicated issue and the decision on which control method to apply is 
frequently based on a number of factors. Our goal is the discovery, design and 
application of organic additives (preferably “green” and environmentally friendly) that 
have some effect on silicate polymerization. This paper reports the inhibition efficiency 
of a variety of polymeric additives and some combinations in retarding silicic acid 
polymerization is supersaturated circumneutral aqueous systems. Three families of 
polymeric additives tested: (1) neutral, (2) cationic of varying positive charge density, 
and (3) combinations of anionic and cationic polyelectrolytes. All aforementioned 
additives and/or blends exhibited inhibition features from “good” to “excellent”. Inhibition 
efficiency was found to depend on a multitude of factors, such as cationic charge 
density, inhibitor dosage, time, etc 

COLL 68 

Morphological transformations, polymorphic changes, and crystal inhibition of 
calcium biominerals by anionic macromolecules 

Mitali China, Priyanka Rajaram, Marina Tsianou, mtsianou@buffalo.edu.Department of 
Chemical and Biological Engineering, University at Buffalo, The State University of New 
York, Buffalo, NY 14260, United States 

Crystallization of organic or inorganic species is of paramount importance in many 
technological and natural processes, from the production of high-value added pigments, 
pharmaceutics, and novel nanomaterials, to the formation of shells, bones, and teeth. 
Crystals can be viewed as an example of self-assembly since they are ordered three-
dimensional arrays of atoms/molecules. Crucial features (crystallographic orientation, 
morphology, size, polymorphism) of such an assembly process are defined at very early 
stages, and can be dramatically affected by a slight change in the interacting molecules 
or their molecular network motifs (by the presence of small impurities, macromolecules, 
etc.). This presentation will highlight our recent efforts toward the fundamental 
understanding of factors that control the nucleation and growth of important biominerals 
such as calcium carbonate and calcium oxalate. We establish that macromolecules 
(nonionic polymers, polyelectrolytes, polypeptides, surfactants) can control the final 
morphology and polymorph by (i) face-selective adsorption on crystals (thermodynamic 
regime) or by (ii) temporarily stabilizing the primary nanoparticles formed. We will also 
discuss the implications of our findings in the context of competitive interactions that 
exist between these macromolecules. 

COLL 69 

Analytical techniques for identifying mineral scales and deposits 



Valerie Woodward, valerie.woodward@lubrizol.com, Robert C Williams, Zahid 
Amjad.Lubrizol Advanced Materials, Cleveland, Ohio 44141, United States 

In many industrial processes the feed water used contains mixtures of dissolved ions 
that are unstable with respect to precipitation. Various factors such as pH, temperature, 
type and concentration of dissolved ions, flow velocity, equipment metallurgy, etc., 
contribute to the precipitation and deposition of sparingly soluble salts on equipment 
surfaces. The class of crystalline and amorphous compounds formed in biological and 
industrial water systems generically known as scale and deposits has a widespread 
importance across a variety of disciplines. These deposits can be calcium carbonates, 
phosphates, oxalates or sulfates, and magnesium hydroxide. This paper addresses the 
use of several analytical techniques to characterize the type, structure, and composition 
of mineral scales and deposits. These techniques can also be used to identify the 
cause(s) of component failures in the industrial water systems. The techniques include: 
optical microscopy, scanning electron microscopy/energy dispersive x-ray spectrometry 
(SEM/EDS), wide angle x-ray diffraction (WAXD), particle size analysis and infrared 
spectroscopy (IR). 

COLL 70 

Direct synthesis of dimethyl carbonate from CO2 and ethanol over CeO2 
Catalysts 

Zhang Guanglin1, Wang Shengping2, spwang@tju.edu.cn.  (1) Chemical Engineering 
and Technology, Hebei University of Technology, Tianjin, Tianjin 300130, China  (2) 
Chemical Engineering and Technology, Tianjin University, Tianjin, Tianjin 300072, 
China 

The process for direct synthesis of dimethyl carbonate (DMC) from CO2 and methanol 
not only produces economic chemicals with high value, but also benefits for the 
environment by using CO2 as a recycled carbon resource. Direct synthesis of DMC 
from CO2 and methanol over cerium oxide was studied. The CeO2 catalyst with the 
different characteristic surfaces was synthesized through the structure-directing growth 
of active surface by varying the physical and chemical preparation conditions. By 
controlling the concentration of alkali solution and the reaction temperature, CeO2 with 
different morphologies was synthesized through the hydrothermal method. Connected 
with the catalytic performance, it is suggested that nanorods exhibit the favorable 
reactivity for the synthesis of DMC and (110) is the main active surface. 

COLL 71 

Uniform-sized Oxide Nanocrystals for Contrast Agents for MRI and CT 

Taeghwan Hyeon, thyeon@snu.ac.kr.School of Chemical and Biological Engineering, 
Seoul National University, Seoul, Republic of Korea 



Extremely small 3 nm-sized iron oxide nanoparticles (ESION) were used synthesized in 
gram scale and they were used for high resolution magnetic resonance imaging (MRI) 
of blood vessels. ESIONs with large number of surface Fe3+ ions with 5 unpaired 
electrons exhibited high r1 relaxivities of > 4.7 mM-1s-1 and low r2/r1 ratios of < 6.2, 
demonstrating that ESIONs can be used as efficient T1 contrast agents. ESIONs with 
high r1 relaxivity and long blood circulation time enabled high resolution blood pool T1-
weighted MR imaging of various blood vessels with sizes down to 0.2 mm. The low 
toxicity, high r1 relaxivity, long blood half-life, and low synthetic cost enable ESIONs to 
be competent T1 MRI contrast agents for various clinical applications. 

Gram-scale synthesis of uniform-sized TaOx nanoparticles was achieved using a simple 
microemulsion method. In vivo X-ray CT imaging using RITC-conjugated and 
PEGylated TaOx nanoparticles resulted in bright and well-resolved CT images with long 
circulation time. Time-course of histological studies and liver toxicity test revealed no 
adverse effect of the nanoparticles. Bimodal image-guided surgery using the particles 
was also advantageous in the resection of lymph nodes. 

Multifunctional Fe3O4/TaOx core/shell nanoparticles were synthesized using a sol-gel 
reaction of tantalum (V) ethoxide in a microemulsion containing Fe3O4 nanoparticles. 
The resulting nanoparticles were biocompatible and exhibited prolonged circulation 
time. When the nanoparticles were intravenously injected, the tumor-associated vessel 
and the microenvironment of the tumor were observed with computed tomography (CT) 
and magnetic resonance imaging (MRI), respectively. 

COLL 72 

Examining the Effect of Surface Chemistry on the Toxicity of Silver Nanoparticles 

Yujie Xiong, yjxiong@ustc.edu.cn.School of Engineering and Applied Science, 
Washington University in St. Louis, St. Louis, MO 63130, United StatesSchool of 
Chemistry and Materials Science, University of Science and Technology of China, 
Hefei, Anhui 230026, China 

Silver nanoparticles are widely used in antibacterial, plasmonic and electronic 
applications and hence it is imperative to understand their effects on a biological 
system. In this presentation, I will demonstrate to evaluate the toxicity of silver 
nanoparticles using S. cerevisiae yeast assays. Physiochemical properties of silver 
nanoparticles have shown a relatively large impact on the yeast cell growth. By 
leveraging the ability to make silver nanoparticles with a tight control in size and shape, 
we have identified that surface chemistry indeed plays a significant role in affecting the 
toxicity levels of silver nanoparticles. Specifically, we found that capping agents, surface 
facets and sample aging can affect the toxicity of nanoparticles. Previously the toxic 
responses of cells in relation to the surface chemistry of silver nanoparticles were not 
fully examined, and as a result, the correlation between nanotoxicity and other 
physicochemical properties established in literature may not reflect the nature of 
nanoparticles in causing toxicity. Here the findings in this work have attracted our 



attention to the matter that we have to carefully design experiments to eliminate 
possibilities that may arise from the environment surrounding nanoparticles and cells in 
toxicity assay. It also emphasizes the importance of surface modification to controlling 
the toxicity level of nanoparticles, in order to design safe nanomaterials for future 
commercialization and use. 

COLL 73 

Highly selective and sensitive cartap nanosensor based on luminescence 
resonance energy transfer between NaYF4:Yb,Ho nanoparticles and gold 
nanoparticles 

Zhijiang Wang1, wangzhijiang@hit.edu.cn, Lina Wu2, Zhaohua Jiang1.  (1) School of 
Chemical Engineering and Technology, Harbin Institute of Technology, Harbin, 
Heilongjiang 150001, China  (2) Department of Medical Imaging and Nuclear Medicine, 
the 4th Affiliated Hospital, Harbin Medical University, 150001, Heilongjiang 150001, 
China 

Fluorescent detection is a very attractive subject on determinating pesticides. However, 
the most chemosensors utilized in fluorescent detection are developed based on 
organic dyes or quantum dots, suffering from instability, high background noise and 
interfering from other organic impurities that can also be excited by UV radiation. In 
present research, we developed a novel NaYF4:Yb,Ho/Au nanocomposites-based 
chemosensor with high sensitivity (10 ppb) and selectivity over competing analytes for 
detection of cartap possessing acute toxicity, which is excited with a 970-nm laser 
instead of the UV radiation to give emission peak at 541 nm. In the presence of the 
cartap, the nanocomposites are aggregated, resulting in enhanced luminescence 
resonance energy transfer between NaYF4:Yb,Ho nanocrystals and gold nanoparticles. 
There is a linear relationship between the relative intensity of luminescence at 541 nm 
and the concentration of cartap. Based on this, the developed nanosensor successfully 
detected cartaps in vegetables with satisfactory results. 
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Color Evolution and Phase Transformation Behaviors of Non-toxic Iron 
Red/yellow Pigments 

YooJin Kim, yjkim@kicet.re.kr, Ri Yu, Jae-Hwan Pee, Hyung Tae Kim, Kyung Ja 
Kim.Engineering Ceramic Center, Korea Institute of Ceramic Engineering and 
Technology, Icheon, Gyeonggi 467-843, Republic of Korea 

In the pigment industry, there is a restricted choice for red/yellow colors because Cd 
based pigments can effect the environment and human health. The yellow color iron 
oxy-hydroxides (goethite, α-FeOOH) and red color iron oxides (hematite, α-Fe2O3) have 
attracted much interest owing to their non-toxic, optical properties. Althought nanosized 
hematite pigment has high red tonality, their colorations at high temperature were 



changed due to aggregation and oxidation. To minimize coloration change, we 
proposed ceramic coating systme using silica(SiO2), zircon(ZrSiO4) and study their 
colorations and thermal behaviors at high temperature. We sythesized nanosized iron 
oxy-hydroxide, iron oxides pigments and coated with silica, zircon by hydrolysis reaction 
with TEOS (Tetraethylorthosilicate), Zircon-sulfate as a precursor. Espically, zircon-
coated iron oxides were made using double layer systems with silica and zirconia. 
Silica-coated yellow pigments were transformed to red pigment with high reflectance 
values. Well designed silica, zircon-coated pigment has high optical properties which 
are well suited for non-toxic inorganic red/yellow pigments. 
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Role of Ligand Packing Density on the Cytotoxicity of Cationic Quantum Dots 

YI-CHEUN YEH, yicheun@gmail.com, Krishnendu Saha, Bo Yan, Oscar R. Miranda, 
Vincent M. Rotello.Department of Chemistry, University of Massachusetts-Amherst, 
Amherst, Massachusetts 01375, United States 

Quantum dots (QDs) featuring quaternary ammonium functionalities were used to 
determine the effect of ligand packing density on nanoparticle cytotoxicity. Thiolate 
ligand amounts on the QDs were measured using matrix assisted laser 
desorption/ionization mass spectrometry (MALDI-MS). The results showed that 
monodentate molecules were present at higher amounts (~ two fold) on the surface of 
QDs compared to the bidentate molecules. In the cellular studies, monothiol 
functionalized QDs were more toxic relative to dithiol functionalized QDs. Increasing of 
the surface hydrophobicity also increased the cytotoxicity. QD-induced cytotoxicity was 
systematically investigated via several determining factors, including the cellular uptake, 
intracellular liberation of cadmium ions and cellular membrane damage. The results 
indicated cellular membrane damage could be the primary factor in the mechanism of 
toxicity of monothiol functionalized cationic QDs due to their higher ligand packing 
density. 
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Ultrastable, Redispersible, and Small Organically Modified Mesoporous Silica 
Nanoparticles 

Christy Haynes, chaynes@umn.edu.University of Minnesota, United States 

Mesoporous silica (MS) nanoparticles (NPs) are attracting much attention of late due to 
their unique characteristics, including size control, large internal surface area, and easy 
surface modification, making them promising candidates for biomedical applications. 
However, the low particle stability, nonspecific biomolecule adsorption, and 
unintentional degradation of these porous silica NPs in biological media result in rapid 
unintentional uptake by the immune system and limit their potential for in vivo biological 
use. Recently, we have shown that MS NPs have lower hemolytic activity and 



cytotoxicity than their nonporous counterparts.[1,2,3] Additionally, we found that small 
MS NPs (<50 nm) with polyethylene glycol (PEG) modification and hydrothermal 
treatment are shown to exhibit higher particle stability in biological media at 37 oC 
compared to bare MS NPs and PEGylated MS NPs without hydrothermal treatment. 
These hydrothermally treated PEGylated particles are highly biocompatiable, resistant 
to degradation and nonspecific protein adsorption, and less efficiently taken up by 
macrophages.[4] Herein, we incorporate a secondary hydrophobic silane 
(chlorotrimethyl silane or 3,3,3-trifluoropropylchlorodimethyl silane) into PEGylated MS 
NPs to further increase the long-term particle stability in simulated body fluid, compared 
to hydrothermally treated PEGylated MS NPs. In addition, these co-modified MS NPs 
can be dried and redispersed in biological media and still maintain their long-term 
particle stability in physiological conditions. To demonstrate the versatility of this co-
modified method, we further demonstrate the redispersity of ultrasmall (<30 nm), 
fluorescent and magnetic co-modified MS NPs. In addition, doxorubicin is used to study 
the redispersity, loading capacity and delivery kinetics of the co-modified MS NPs. 
Finally, these redispersible drug-loaded MS NPs show dose-dependent cytotoxic effect 
to cancerous cells (HeLa) and exhibit higher cytotoxicity than free hydrophobic 
anticancer drugs. 
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Synthesis of PEG-Thiolate-Protected CdSe Nanoclusters with Unique Solubility 
Properties 

Katie N Lawrence, Sukanta Dolai, Rajesh Sardar, rsardar@iupui.edu.Department of 
Chemistry and Chemical Biology, Indiana University Purdue University Indianapolis, 
Indianapolis, IN 46202, United States 

We have successfully demonstrated an aqueous phase synthesis of polyethylene glycol 
(PEG) thiolate-protected CdSe nanoclusters for the first time. The CdSe nanoclusters 
displayed a first absorption peak ~430 nm, which indicated formation of magic-sized 
nanoclusters with possible composition of (CdSe)33,34. The PEG-thiolate protected CdSe 
nanoclusters displayed unique solubility properties. The resulting nanoclusters were 
easily transferred to organic solvents from aqueous medium by a simple solvent 
extraction method. The organic phase-extracted CdSe nanoclusters were readily be 
redispersed in a wide range of organic solvents such as CH3CN, CH2Cl2, DMF, THF, 
and CH3Cl. Most importantly, the CdSe nanoclusters, which were soluble in organic 
solvents, could also be redispersed in aqueous medium as well. We investigated 
different chain length PEGn-thiols, e.g., PEG4-SH, PEG6-SH, PEG12-SH, and PEG18-SH 
and found that the PEG-chain length significantly influenced the aqueous to organic 
phase transfer properties. Successful transfers were accomplished for PEGn-SH (n = 6, 
12, 18). 
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Gold nanoparticle induced oxidative stress and autophagy in human lung 
fibroblasts 

Jia 'En J Li2, Cheng Teng Ng2, Boon-Huat Bay2, Lin Yue Lanry Yung1, 
cheyly@nus.edu.sg.  (1) Chemical and Biomolecular Engineering, National University of 
Singapore, Singapore, Singapore  (2) Anatomy, National University of Singapore, 
Singapore, Singapore 

Advances in nanotechnology have given rise to the rapid development of novel 
applications in biomedicine. However, our understanding in the risks and health safety 
of nanomaterials is still not complete and various investigations are ongoing. Here, we 
showed that exposing human lung fibroblasts (MRC-5) with AuNPs induced oxidative 
DNA damage in human lung fibroblasts through generation of 8-
hydroxydeoxyguanosine. At the ultrastructural level, chromatin condensation and re-
organization was observed in the nucleus of fibroblasts exposed to AuNPs. We further 
examined for signs of oxidative damage at the lipid and protein levels in the MRC-5 
cells. Compared with control samples, AuNP treated cells produced significantly more 
lipid hydroperoxides (p-value < 0.05), a positive indication of lipid peroxidation. 
Verification with western blot probing for MDA protein adducts confirmed the presence 
of oxidative damage. In addition, we also observed the presence of of autophagosomes 
in AuNP treated cells, which may be indication of elevated cellular defense mechanism 
against oxidative stress. 
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Fate and transport of silver nanoparticles and silver ions in saturated porous 
media: laboratory experiments and modeling 

Sushil R Kanel1, sushil.kanel@afit.edu, Jessica Dagher2, Meidinger Travis1, Ioana E 
Sizemore2, LeeAnn Racz1, Christopher A Impellitteri3, Mark N Goltz1.  (1) Department of 
Systems and Engineering Management, Air Force Institute of Technology, WPAFB, 
Wright Patterson AFB, OH 45433, United States  (2) Department of Chemistry, Wright 
State University, Dayton, OH 45435, United States  (3) Water Quality Management 
Branch, US Environmental Protection Agency, Cincinnati, OH 45268, United States 

In this study, chloride tracer, silver nanoparticles (AgNPs) and silver ions (Ag+) were 
injected into a background solution flowing through laboratory columns packed with 
water-saturated glass beads. Effluent concentration vs time breakthrough curves were 
measured. It was observed that both Ag+ and AgNPs were retarded with respect to the 
tracer. Ag+ transport could be simulated using a model that assumed advection, 
dispersion, and rate-limited sorption. AgNPs transport could be simulated using filtration 
theory, with a rate constant that models capture of the AgNPs by the glass bead media. 
These results indicate the potential of captured AgNPs to be a long-term source of Ag+. 
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Carbon-based materials in nanoelectronics 

Dan Mastrogiovanni, Wenchun Feng, Len Feldman, Huixin He, Vitaly Podzorov, Torgny 
Gustafsson, Eric Garfunkel, egarf@rutgers.edu.Department of Chemistry, Rutgers 
University, Piscataway, NJ 08854, United States 

Although silicon devices have dominated the electronics industry for six decades, 
carbon-based materials are being explored for a range of conventional and novel 
applications. In this presentation we review interesting new results on the surface and 
interface chemistry of several carbon-based materials: rubrene, graphene and 
polythiophene. Central to the use of these materials in devices are their reactivity with 
oxygen. The oxidation of organics changes their energy levels, charge transport 
properties, optical response and bonding to other materials. Rubrene is an organic 
molecule which when crystallized shows the highest mobility of any organic. We report 
on very striking aspects of the oxidation of crystalline rubrene, and on the effects of 
oxidation on rubrene-based device properties. Although graphene is somewhat unique 
in that it is quite unreactive relative to organic semiconductors, oxidation is one of the 
best ways to initiate functionalization. We discuss new chemistries relevant for 
graphene functionalization and for the exfoliation of graphite to produce significant 
quantities of graphene. Polymer bonding to nanostructured ZnO is another case in 
which the bonding of an organic to an adjoining material controls device properties. In 
this work, we show how electropolymerization leads to a greatly improved bonding and 
film growth, especially important in photovoltaic applications. Results of photoemission, 
ion scattering, scanning probe, and other surface/thin film methods for these materials 
are reviewed. We also discuss some aspects of doping to control physical properties of 
organics. 
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Computational study of energetic materials adsorption in mesoporous silica and 
anodized aluminum oxide nanopores. 

Nicholas F Materer1, materer@okstate.edu, Evgueni B Kadossov2, Allen W. Apblett1.  
(1) Department of Chemistry, Oklahoma State University, Stillwater, Oklahoma 74078, 
United States  (2) Xplosafe, LLC, Stillwater, Oklahoma 74074, United States 

Adsorption of several explosives (RDX, PETN, TNT and TATP) in mesoporous silica 
(MCM-41) and anodized aluminum oxide (AAO) nanopores was studied utilizing a 
hybrid quantum mechanics/molecular mechanics approach. The explosive and 
substrate region involved in the physisorption, represented by a Si6O12 or Al6O9 cluster, 
was treated using B3LYP/6-31G*, while the rest of the system was characterized using 
a universal force field. The computed adsorption energy ranged from -34.0 to -82.0 
kJ/mol, depending on the pore size. For all species, the binding energies decrease as 
the pore size increases and are slightly stronger for the AAO system. The absence of 
chemical bonding between the probe molecules and the pores indicates that adsorption 
is mostly due to Van der Waals interactions. The chemical functionalization of the MCM-



41 with both polar (-OH, -CH2F, -CHF2) and non-polar (-CH3) groups allows one to fine-
tune the adsorption energy for sequestering. For PETN and RDX, which have strong 
electronegative -NO2 groups on the end, the addition of the polar groups to the inner 
MCM-41 surfaces leads to a noticeable increase in adsorption strength (up to 50% and 
more). However, the increase with polar groups is much weaker for TNT, which absorbs 
with the ring facing the substrate. In contrast, TATP, which is relatively non-polar, 
adsorbs more readily on methylated MCM-41. 
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Dependence of Pt ALD on the initial substrate and surface pretreatment: From Pt 
nanoparticles to continuous Pt thin films 

Steven M George, Steven.George@Colorado.edu.Chemistry and Chemical 
Engineering, University of Colorado, Boulder, CO 80309, United States 

The high cost of Pt requires the efficient use of this catalytic metal. During Pt atomic 
layer deposition (ALD), the Pt morphology can vary dramatically depending on the initial 
substrate and surface pretreatment. On low surface energy surfaces, Pt ALD will form 
nanoparticles because Pt has a high surface energy and minimizes its surface area. 
The coverage of Pt nanoparticles can be tuned by surface pretreatment using 
hexafluoroacetylacetone (Hhfac). Preadsorbed Hhfac blocks surface sites and 
decreases the Pt nanoparticle coverage with increasing Hfhac coverage. The 
nanoparticle size can then be controlled by the number of Pt ALD cycles. In contrast, W 
ALD adhesion layers facilitate the deposition of continuous and conformal Pt ALD films. 
Because W has a higher surface energy than Pt, Pt ALD wets the W ALD adhesion 
layer and grows according to a layer-by-layer mechanism. Continuous Pt ALD films can 
be grown with thicknesses of 1.5-2.0 nm. 
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Atomic layer deposition (ALD) of tin(IV) oxide films using tetraethyl tin and ozone 

Wayne L. Gladfelter, wlg@umn.edu, Ellis J. Warner, Christopher J. 
Cramer.Department of Chemistry, University of Minnesota, Minneapolis, MN 55455, 
United States 

Tin(IV) oxide is a transparent conducting solid with many known applications. An ALD 
method to deposit tin(IV) oxide was developed using tetraethyltin (TET) and ozone. 
Tetraethyltin is a stable liquid between its freezing point at -112°C and its boiling point at 
181°C. Its vapor pressure at 25°C is 0.5 Torr. Self-limiting growth indicative of a true 
ALD process yielded a thickness/cycle of 0.15 nm at 250°C. Rutherford backscattering 
spectrometry established an elemental composition consistent with tin(IV) oxide. 
Carbon concentrations in the films were below detection limits of RBS and Auger 
electron spectroscopy. No reflections were observed using X-ray diffraction indicating 
that the as-deposited films were amorphous. Electrical and optical properties were 



measured using both as-deposited and annealed films. Density functional theory using 
M06 and M06-L functionals was used to shed light on the mechanisms of the individual 
steps occurring in the ALD process. 
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Connecting the Nanoscale to the Macroworld: Toward Electric Circuits by Self-
Assembly, Constructive Nanolithography and Nanoionics 

Jonathan Berson, jonathan.berson@weizmann.ac.il, Doron Burshtain, Rivka Maoz, 
Jacob Sagiv.Department of Materials and Interfaces, Weizmann Institute of Science, 
Rehovot, Israel 

The vision of an entire functioning device based on nanoscale components, calls for the 
development of efficient nanofabrication methods, which would allow the precise and 
reliable handling of nanometric components. This implies that future nanofabrication 
techniques will have to ultimately rely on a chemical self-assembly approach, allowing 
device construction from the bottom up. Moreover, the fabricated nanoscale 
components will have to be effectively addressed from the macroscopic world. 

By combining the self-assembly and constructive nanolithography (1) approaches, we 
offer a methodology that enables the fabrication of a layered molecular structure and 
allows control of the chemical composition of the structure at each of its three 
dimensions in the resolution range of a few nanometers. Merging these approaches 
with the novel concept of selective and confined ionic movement (2,3) further enhances 
the diversity and possible functionality that can be created by this nanofabrication 
scheme. 

The presented nanofabrication techniques are based on the highly ordered self-
assembled monolayers of a densely-packed and uniform OTS (n-
octadecyltrichlorosilane, CH3-(CH2)17-SiCl3) monolayer [4] on smooth Si wafer 
substrates. The patterned monolayer sites with ion binding functionalities can also 
enable ionic transport in pre-selected paths and electrochemical metal deposition in 
designated regions against the unaffected OTS background. 

Electric circuits composed of macroscopic electrodes connected by nanowires were 
fabricated by application of different related patterning methods, each applicable at 
different length scales from nano to macro. Patterning in the macro- and micro- 
dimensions is based on the use of contact masks for monolayer photocleavage or metal 
evaporation, as well as on stamps used in contact electrochemical processes (2-4). 
Patterning at the nanoscale is done by constructive nanolithography (1) where a bias 
voltage is applied between a conductive SFM tip and the sample, which causes the 
non-destructive local electro-oxidation of the OTS (top -CH3 groups) to OTSeo (electro-
oxidized OTS) with carboxylic acid top functional groups (-COOH). 



Following the creation of suitable monolayer patterns, metal is deposited onto the 
patterned areas by chemical or contact electrochemical processes to form conductive 
electrodes and nanowires. The large differences in hydrophilicity and chemical reactivity 
between the patterned areas and the background OTS are key factors in achieving site-
defined selectivity of the above mentioned processes and reactions. The same is true 
for the novel Molecular Nanoionic Circuit Architecture, based on lateral confinement of 
ionic traffic to patterned monolayer paths with ion-binding functions. 

(1) Maoz R.; Frydman E.; Cohen S. R.; and Sagiv J., Adv. Mater., 2000, 12, 725. 

(2) Zeira, A.; Berson, J.; Feldman, I.; Maoz, R.; and Sagiv, J., Langmuir, 2011, 27, 
8562. 

(3) Berson, J.; Zeira A.; Maoz, R.; and Sagiv, J., Beilstein J. Nanotechnol., 2012 , 3, 
134. 

(4) Zeira, A.; Chowdhury, D.; Maoz, R.; and Sagiv, J., ACS Nano 2008 , 2, 2554. 
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Tuning the molecular order of C60 functionalized phosphonic acids 

Armin Rumpel1, Michael Novak2, Johannes Walter1, Björn Braunschweig1, 
B.Braunschweig@lfg.uni-erlangen.de, Marcus Halik2, Wolfgang Peukert1.  (1) Institute 
of Particle Technology, University Erlangen-Nuremberg, Erlangen, Germany  (2) 
Institute of Polymer Materials, University Erlangen-Nuremberg, Erlangen, Germany 

Mixed self-assembled monolayers (SAM) of alkyl phosphonic acids and C60 
functionalized octadecyl phosphonic acids (C60C18-PA) are deposited on alumina 
substrates from solution, and are shown to form well-ordered structures with an 
insulating layer of alkyl chains and a semiconducting layer that comprises mainly C60. 
Such an ordered structure is a necessity for the application of SAMs in organic 
transistors, but is difficult to obtain since C60C18-PA without additional support do not 
self-assemble in an ordered fashion. To avoid disordering of the SAM and to gain a 
better control of the interfacial properties we have investigated the stabilizing effect of 
fluorinated dodecyl phosphonic acids (FC12-PA) on the C60C18-PA monolayer. 
Vibrational sum-frequency (SFG) spectroscopy, ellipsometry, X-ray photoelectron 
spectroscopy and electrical measurements were applied to study the mixed 
monolayers. Here, we make use of the differently labelled PA to determine surface 
coverages and molecular properties of the two species independently. Adsorption of 
FC12-PA gives rise to vibrational bands at 1344 cm-1 and 1376 cm-1 in SFG spectra 
while a pronounced vibrational band centered at 1465 cm-1 is attributable to C60 
vibrations. The coexistence of the bands is indicative for the presence of a mixed 
monolayer that is composed of both molecular species. Furthermore, a pronounced 
maximum in SFG intensity of the C60 band is observed for SAMs which are deposited 
from solutions with ~75% C60C18-PA and ~25% FC12-PA. The intensity maximum 



originates from successful stabilization of C60 modified C60C18-PA by FC12-PA and a 
significantly improved molecular order. Conclusions from SFG spectra are corroborated 
by electric measurements that show best performance at these concentrations. Our 
results provide new information on the morphology and composition of C60 modified 
SAMs and establish a route to fabricate well-defined layers for molecular scale organic 
electronics.  

Reference  

Armin Rumpel , Michael Novak, Johannes Walter, Björn Braunschweig, Marcus Halik 
and Wolfgang Peukert Langmuir 27 (2011) 15016 
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Glass Transitions of Layer-by-Layer Assemblies Determined Using Temperature-
Controlled Quartz Crystal Microbalance with Dissipation 

Ajay Vidyasagar, Jodie Lutkenhaus, jodie.lutkenhaus@che.tamu.edu.Artie McFerrin 
Department of Chemical Engineering, Texas A&M University, College Station, TX 
77843, United States 

Layer-by-layer (LbL) assemblies, nanoscale films made from the alternate adsorption of 
oppositely charged species, have found widespread applications. However, very little is 
known about the thermal behavior of LbL films. Therefore, it is pertinent to understand 
thermal properties such as Tg, physical aging, and thermal cross-linking, but these are 
often difficult to measure because LbL films can be very thin (few nm per layer). Here, 
the thermal properties of both dry and hydrated poly(diallyldimethylammonium 
chloride)/poly(styrene sulfonate) (PDAC/PSS) LbL assemblies assembled from 
solutions of varying ionic strength (0 to 1.25 M NaCl) are investigated using quartz 
crystal microbalance with dissipation (QCM-D) and modulated differential scanning 
calorimetry (MDSC). For the first time, thermal transitions such as Tg's can be measured 
for LbL assemblies using QCM-D by monitoring fluctuations in changes in dissipation, 
allowing us to probe the film's internal structure as a function of film depth. 
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Analyzing complex self-assembled systems: A combined approach based on 
microwave-modulated scanning tunneling microscopy and large-scale molecular 
modeling 

Shelley A. Claridge1,2, claridge@cnsi.ucla.edu, John C. Thomas2, Jeffrey S. Schwartz3, 
Miles S. Silverman2, Yanlian Yang4, Chen Wang4, Paul S. Weiss1,2,5.  (1) California 
Nanosystems Institute, University of California, Los Angeles, Los Angeles, CA 90095, 
United States  (2) Department of Chemistry and Biochemistry, University of California, 
Los Angeles, Los Angeles, CA 90095, United States  (3) Department of Physics, 
University of California, Los Angeles, Los Angeles, CA 90095, United States  (4) 



Department of Chemistry, National Center for Nanoscience and Technology, Beijing, 
China  (5) Department of Materials Science and Engineering, University of California, 
Los Angeles, Los Angeles, CA 90095, United States 

Scanning tunneling microscopy provides sub-nanometer spatial measurements of 
molecules on surfaces. However, such images represent convolutions of topographic 
and electronic features of both the molecules and the underlying surfaces, which 
complicate structural understanding of many of the most interesting self-assembled 
molecular systems. We discuss our approach to analyzing structures in complex 
biological and other molecular structures. We image these self-assembled systems 
using a custom-built microwave-modulated scanning tunneling microscope that provides 
multiple data channels, which we use to analyze chemical and higher order structures. 
Image analysis highlights correlations and anticorrelations between multiple imaging 
modalities, which are combined with large-scale semi-empirical models to identify 
structural features at both the domain and single-molecule levels. Specific examples are 
discussed, including self-assembling peptides based on amyloids found in Alzheimer's 
and other diseases. Elucidating such structures is an early step toward understanding 
and relating protein structure and function at the single-molecule level. 
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2D nano-assembly for bio-medical applications : Inorganic-bio hybrid systems for 
drug and gene delivery 

Goeun CHOI1, Jae-Min OH2, Jin-Ho CHOY1, jhchoy@ewha.ac.kr.  (1) Center for 
Intelligent Nano-Bio Materials(CINBM), Department of Bioinspired Science (WCU) and 
Department of Chemistry and Nano Science, Ewha Womans University, Seoul, 
Republic of Korea  (2) Department of Chemistry and Medical Chemistry, College of 
Science and Technology, Yonsei University, Wonju, Gangwondo 220-720, Republic of 
Korea 

In the present study, a novel concept of nanohybrid system with imaging, targeting and 
drug delivery functions will be proposed to get breakthroughs in gene and drug delivery 
researches. In order to examine 2d-structured inorganic nano-material as nanocarrier 
for gene and drug delivery, an attempt has been made to prepare host-guest interaction 
mediated nanohybrid assemblies by intercalating biomolecules (antisense, siRNA and 
etc) or anticancer drugs (Methotrexate, 5-Fluoro Uracil and etc) into layered double 
hydroxides (LDHs). And we found that the encapsulated biomolecules or drug 
molecules in the interlayer space of LDHs retained their chemical and biological 
integrity, and that the present inorganic-bio hybrids showed imaging, targeting and drug 
delivery functions. According to the cell line experiments, the drugs or genes 
encapsulated in LDHs were effectively transferred into the cell by clathrin-mediated 
endocytosis. Since the LDH nanoparticles are partially soluble in cytosol, the drug 
concentration in the cell increases and as a consequence, the drug efficacy is 
maximized. It is, therefore, concluded that the present multifunctional drug delivery 



system could provide a promising integrative therapeutic action in chemo-and gene 
therapy. 
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Codelivery of doxorubicin and verapamil with multifunctional hydrogel 
nanoparticles to overcome multidrug resistance 

Ming Qin, mingqin@umich.edu, Yong-Eun Koo Lee, Raoul Kopelman.Department of 
Chemistry, University of Michigan, Ann Arbor, Michigan 48109, United States 

Multidrug resistance (MDR) limits the therapeutic efficiency of many chemotherapeutic 
drugs. A novel kind of multifunctional hydrogel nanoparticles, prepared via the 
copolymerization of acrylamide (AAm) and 2-carboxyethyl acrylate (CEA), was 
developed as a delivery vehicle for the codelivery of doxorubicin (Dox) and verapamil 
(Vera) to tumor cells, aimed at overcoming MDR. 

The hydrogel NPs were prepared successfully, with the mole fraction of CEA in the NPs 
varying from 0 % to 75 %. The NP size when in PBS buffer ranged from 50 nm to 70 
nm. Both Dox and Vera were loaded into the NPs via post loading, with loading > 5 % 
wt. Release of both kinds of drugs was observed in PBS buffer (pH 7.4) for 24 h. 
Around 30% of Dox was released from Dox-loaded NPs (Dox loading in NPs: 2% wt) in 
24 h. We noticed that the slower release of Dox from NPs was observed with increasing 
ratio of CEA in the NPs. In vitro cytotoxicity tests showed that the Dox-Vera-NPs cause 
effective tumor cell kill in both drug-sensitive and drug-resistant cell lines. We also found 
that the Dox-Vera-NPs can improve the accumulation of Dox in drug-resistant tumor 
cells. We believe that this multifunctional nanoplatform may act as a powerful 
nanomedicine for tumor therapy. 
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Targeted drug delivery: Understanding cellular binding and uptake of 
nanoengineered capsules 

Angus P R Johnston, angusj@unimelb.edu.au, Georgina K Such, Marloes Kamphuis, 
Frank Caruso.Department of Chemical and Biomolecular Engineering, The University of 
Melbourne, Melbourne, Victoria 3010, Australia 

Delivery of drugs to specific cells in the body has the potential to revolutionise the 
treatment of many diseases. An emerging delivery technique is to immobilise drugs 
inside a nanocapsule, protecting the body from harmful side-effects and preventing the 
drug from being degraded by the body. We demonstrate here a click-chemistry 
approach to functionalise capsules with targeting antibodies (Ab). These Ab-
functionalised capsules specifically bind to cancer cells, even when the target cells are 
less than 0.1% of the total cells. 
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All in one nanocapsule: Towards multifunctional delivery and versatile release 
systems 

Markus B. Bannwarth, bannwart@mpip-mainz.mpg.de, Anna Musyanovych, Katharina 
Landfester.Physical Chemistry of Polymers, Max Planck Institute for Polymer Research, 
Mainz, Rheinland Pfalz 55128, Germany 

Biocompatible polymeric nanocapsules have been formed by a polyaddition reaction at 
the interface of soft templating miniemulsion nanodroplets. In addition to a high and 
efficient loading, several modifications can be introduced. Convenient tailoring of the 
shell material enables the preparation of a temperature, pH or magnetic field responsive 
shell. Encapsulation of fluorescent dyes, magnetite nanoparticles or drug molecules 
allows for imaging and therapeutic applications. Surface functionalization with specific 
biomolecules offers the possibility for selective targeting. 

 

 
 

Figure: Magnetite loaded nanocapsules. 
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Nanoparticle array-mediated delivery of soluble cues for controlling stem cell fate 

KiBum Lee, kblee@rutgers.edu, Aniruddh Solanki, Shreyas Shah.Department of 
Chemistry and Chemical Biology, Rutgers University, Piscataway, NJ 08854-8087, 
United States 

This talk will focus on the interface of nano-surface chemistry and stem cell biology. 
Two important research projects will be presented: i) development of combinatorial 
nanoparticle array-medicated platform to deliver soluble cues (e.g. siRNA and drugs) to 
neural stem cells (NSCs) in highly effective and non-toxic ways and ii) application of the 
combinatorial delivery platforms to understand the spatiotemporal effects of 
microenvironmental cues on neuro-differentiation of NSCs. Developing nanotechnology-
based combinatorial approaches for regulating stem cell fate and studying the functions 
of multiple microenvironmental cues that regulate stem cell differentiation are critical to 
fully achieve the therapeutic potential of stem cells. To investigate the complex neural 
stem cell (NSC) behaviors, we first generated nanoparticle-arrays with extracellular 



matrix (ECM) that can delivery siRNAs and biomolecules into stem cells and then 
investigated stem cell responses to multiple cues. Our combinatorial nanotopography-
medicated delivery platform allowed us to selectively control the neuro-differentiation of 
NSC differentiation in an efficient way. Summarized results of our efforts and future 
directions will be discussed. 

COLL 93 

Proliferation and Viability of HepG2 Cells on Immobilized Gastrin Releasing 
Peptide Nanostructure 

KARSHAK KOSARAJU, karshak@gmail.com, Kandas Womack, Debasish 
Kuila.Department of Chemistry, North Carolina A&T State University, Greensboro, North 
Carolina 27411, United States 

Artificial juxtacrine stimulation or signaling, used to enhance cell viability and 
functionality of cells, arises from covalent attachment of growth factors on biomaterials. 
We describe proliferation of model cell line, HepG2, for extended culture periods up to 7 
days, on immobilized Gastrin Releasing Peptide, GRP (14-27), a potent mitogen, that is 
covalently coupled to the amine end group of 3-aminopropyl triethoxysilane (APTES)-
Self-Assembled Monolayer (SAM) on conducting indium tin oxide (ITO). They were 
characterized using contact angle and surface-IR techniques. HepG2 cells were 
cultured in media on immobilized GRP–SAM-ITO for 24, 48, 72, 96 hrs, and 7 days. Cell 
proliferation on immobilized GRP-substrate after 48hrs is less than that observed for 
soluble GRP by 19%. More specifically, lactate dehydrogenase production after 48hrs 
was drastically reduced by 44% when compared to the soluble growth factor. This 
indicates that cell viability increased and cytotoxicity decreased for HepG2 cells cultured 
on GRP modified surfaces. Furthermore, increase of cell viability with reduced 
cytotoxicity is extended to 96 hrs with good biocompatibility. These results will provide a 
basis towards the development of a bioreactor for drug toxicity screening. 

COLL 94 

Dramatic enhancement of transfection efficiency of pyridinium gemini surfactants 
through interfacial engineering 

Vishnu D Sharma, Eronmwon A Aifuwa, Marc A Ilies, mailies@temple.edu.Department 
of Pharmaceutical Sciences, Temple University School of Pharmacy, Philadelphia, PA 
19140, United States 

The success of gene therapy as a revolutionary method to treat diseases relies on 
finding delivery systems that can efficiently transfer and express (transfect) DNA into 
target cells while producing reduced cytotoxic effects. Recently, pyridinium amphiphiles 
were shown to generate promising transfection systems that can fulfill these 
requirements. Within this class of amphiphiles, the pyridinium gemini surfactants, 



defined as surfactants made up of two identical amphiphiles linked at the level of the 
polar head by a spacer, proved to be particularly efficient. 

In the present study we have evaluated the possibility to further enhance the 
transfection efficiency of these vectors by reengineering their interfacial properties via 
linker and counterion optimization. Interfacial and self-assembling properties of the 
novel amphiphiles have been studied in bulk, and in solution. Biological results are 
showing a dramatic enhancement of the transfection efficiency of the new vectors as 
compared with their congeners bearing hydrophobic linkers. Transfection activity was 
found to depend highly on the counterion nature. We will present the complete 
formulation study, revealing the main factors that are affecting the lipoplex nanoparticles 
formation and stability. We will also present a detailed structure activity relationship 
study, emphasizing the impact of each structural element on the aggregation and 
transfection properties of this novel class of pyridinium amphiphiles. 

COLL 95 

Layer-by-Layer Nanoparticles for Enhanced Systemic Delivery 

Stephen Morton, swmorton@mit.edu, Zhiyong Poon, Paula Hammond.Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, United 
States 

Layer-by-Layer (LbL) assembly of polyelectrolytes on solid substrates is a well 
characterized, tunable approach for generating functional thin films for a variety of 
applications, including drug and gene delivery, tissue engineering, and bone 
regeneration. On the basis of electrostatics, this assembly method allows for 
incorporation of a broad range of materials; and due to its water-based synthesis, it 
allows for incorporation of a broad range of therapeutics without significant alteration of 
biological function. Recent developments have expanded this platform to assembly on 
colloidal substrates for enhanced systemic delivery technologies. Our work is focused 
on developing the technology, devising methodologies for screening a library of 
materials for incorporation in the nanoparticle design as well as evaluating these 
systems for drug delivery applications, with particular interest on engineering systems 
that can both target tumor-specific characteristics (e.g. hypoxia, receptor-mediated 
interactions) and deliver synergistic combinations of drugs for enhanced cancer therapy. 

COLL 96 

Expansile Nanoparticles as In Vitro and In Vivo Tumor Drug Depots 

Mark Grinstaff, mgrin@bu.edu.Departments of Chemistry and Biomedical Engineering, 
Boston University, Boston, MA 02215, United States 

We have synthesized expansile nanoparticles (eNPs) that swell and release their cargo 
upon exposure to the mildly acidic pH (J. Am. Chem. Soc., 2009, 131 , 2469-2471). The 



more hydrophobic environment of the expanded particle compared to the cell cytoplasm 
provides a preferred enclave for the drug to reside in thereby creating a drug depot 
(Mol. Pharm., 2012, 9 , 196-200). The affinity of paclitaxel for this swollen state of the 
particle is sufficiently strong that it will partition into the particle even when administered 
separately from the particles. In an in vitro setting, pre-treating MSTO-211H tumor cells 
with eNPs increases the amount of subsequently administered drug uptake by the cells. 
In vivo results show that in an established model of murine, intraperitoneal (IP) 
mesothelioma disease, a pre-treatment of fluorescently labeled nanoparticles localized 
a subsequent dose of paclitaxel-Oregon Green conjugate, administered IP, to the 
regions of tumor within the peritoneum.  

COLL 97 

Microstructural evolution during friction and wear of solid lubricant coatings 

Thomas W Scharf, scharf@unt.edu.Department of Materials Science and Engineering, 
University of North Texas, Denton, TX 76203, United States 

Fundamental mechanistic studies of friction and wear have long been a theme in the 
work of Dr. Irwin Singer. This accompanies his interest in the role of interfacial layers, 
third bodies, and shear accommodation in solid lubricants. The focus of this 
presentation is how contacting surfaces and subsurfaces change both structurally and 
chemically in order to accommodate interfacial shear in carbon and metal 
dichalcogenide-based solid lubricant coatings. It was determined that the coatings 
exhibit different velocity accommodation modes (VAM) of interfacial sliding and intrafilm 
shear, as determined by electron microscopy (3-D focused ion beam serial cross-
sectioning, HAADF-STEM, and HRTEM with precession electron diffraction) and 
spectroscopy (Raman, Auger and EDS wear maps) techniques. This presentation will 
also discuss routes to improve coatings for use in extreme operating environments, in 
which Dr. Singer has made seminal contributions. 

COLL 98 

Tribological Surface Chemistry of Model Lubricant Additive Measured in 
Ultrahigh Vacuum 

Wilfred T Tysoe, wtt@uwm.edu, Octavio Furlong, Brendan Miller.Department of 
Chemistry and Biochemistry, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 
53211, United States 

Lubricant additives react to form a lubricating film that can lower friction and/or prevent 
wear. At the high temperatures, the surface reaction and film growth kinetics are 
dominated by thermal processes. Under mild conditions, a surface film can be formed 
by shear-induced, surface-to-bulk transport. This is investigated by studying model 
sulfur- and boron-containing compounds on copper surfaces in UHV. The species that 
are formed by exposure of copper to the model lubricant additive is investigated using a 



range of surface analytical techniques to indentify the nature of the initial surface 
species. The effect of rubbing these adsorbate-covered surfaces is investigated, also in 
UHV, by measuring the friction coefficient and contact resistance during rubbing. The 
chemical composition of the wear track is followed using high-spatial-resolution Auger 
spectroscopy to follow the fate of the surface species caused by rubbing and to test the 
above postulate. 

COLL 99 

Copper Contacts and Electrochemical Solutions for Wear 

W. Gregory Sawyer, wgsawyer@ufl.edu.Deaprtment of Mechanical & Aerospace 
Engineering, University of Florida, Gainesville, Florida 32611, United States 

This paper will discuss copper contacts and electrochemical solutions for wear. 

COLL 100 

Large-scale molecular dynamics simulations of tip-surface contact between 
carbon-based materials 

Judith A. Harrison1, jah@usna.edu, Kathleen E. Ryan1, Pamela L. Keating1, David S. 
Grierson3, Kevin T. Turner2, Robert W. Carpick2.  (1) Department of Chemistry, United 
States Naval Academy, Annapolis, MD 21402, United States  (2) Mechanical 
Engineering & Applied Mechanics, University of Pennsylvania, Philadelphia, PA 19104, 
United States  (3) Materials Science & Engineering, University of Wisconsin, Madison, 
Madison, WI 53706, United States 

The behavior of nanoscale contacts is complex and often cannot be understood through 
continuum mechanics alone, and experimental measurements cannot resolve the 
positions, velocities, and forces on every atom in the contact. Parallel molecular 
dynamics (MD) simulations using the AIREBO potential for hydrocarbons to model 
indentation and sliding, are used to investigate nanoscale contacts of ultrastrong 
carbon-based materials, including diamond, DLC, and ultrananocrystalline diamond 
(UNCD). The contact of carbon-based atomic force microscope (AFM) probes is 
simulated to understand the effects of experimental parameters, including tip geometry 
and tip material, on the adhesion between the tip and sample. Results from the MD 
simulations will be compared to and discussed within the context of the complementary 
AFM experiments and continuum mechanics-based models, with particular attention 
paid to developing reliable measurements of the work of adhesion. The tribological 
response of carbon-based materials is very sensitive to environmental conditions. For 
example, the presence of water has been shown to negatively impact the friction 
performance of hydrogenated DLCs but to improve the performance of nanocrystalline 
and ultrananocrystaline diamond. We will present preliminary MD results that examine 
the friction of carbon-based materials in the presence of water using our newly 
developed potential energy function (qAIREBO). 



COLL 101 

Microscopic and spectroscopic studies of bioadhesive interfaces 

Kathryn J Wahl1, kathryn.wahl@nrl.navy.mil, Daniel K Burden1,2, Daniel E Barlow1, 
Christopher M Spillmann1, Richard K Everett1, Daniel Rittschof3.  (1) Naval Research 
Laboratory, Washington, DC 20375-5342, United States  (2) NRC Post Doc, 
Washington, DC 20375-5342, United States  (3) Duke University Marine Laboratory, 
Beaufort, NC 28516, United States 

Proteinaceous secretions are significant contributors to marine biofouling. The resulting 
interfacial films can be physisorbed or chemisorbed, and have varying degrees of 
permanency – they may be highly polymerized and cross-linked, or simply sticky 
enough to allow surface exploration. In this talk, I will present examples of how we have 
applied a broad suite of in situ microscopy and spectroscopy approaches to reveal how 
barnacles form and cure their adhesive, as well as its properties and composition. Our 
in situ approaches include performing temporally- and spatially-resolved microscopy 
and spectroscopy through adhesive interfaces transparent at UV, visible, IR, and x-ray 
wavelengths. We have used these and other materials science tools to extend our 
understanding of the properties and development of barnacle adhesive interfaces. 
Barnacle adhesion is promoted by both chemistry and structure at multiple scales. 
Ultimately, we aim to use this information to develop better antifouling strategies that 
reduce bioadhesive strength. 

COLL 102 

Sliding from physics to tribology over 35 years 

Irwin L. Singer, singertriboscience@gmail.com.812 W. Braddock Rd, Singer 
Triboscience, Alexandria, VA 22302, United States 

My transition from newly-minted PhD physicist to tribologist was both painless and fun. I 
learned that friction, wear and adhesion behaviors can be understood by: 1) ignoring 
'wisdom of the marketplace'; 2) applying as many surface analytical tools and surface 
science models as are available; 3) investing time 'looking' at stuff others find too 
complicated, and 4) developing in situ methods for studying buried contacts. The 'fun' 
always came with exploring new fields. In this talk, I'll present a few examples of 
discoveries made in strange places and 'new things learned' since I retired in 
September 2011. 

COLL 103 

Egon Matijević, his personality and achievements 

Nikola Kallay, nkallay@chem.pmf.hr.Department of Chemistry, Faculty of Science, 
University of Zagreb, Zagreb, Croatia 



This year's celebrity Egon Matijević was born in the Croatian village of Otočac ninety 
years ago. He was educated in Croatia where he started his extraordinary scientific 
carrier. After postdoctoral studies in England Matijević moved to USA where he joined 
Clarkson College of Technology (present Clarkson University) at Potsdam (NY). Egon 
stayed with Clarkson contributing significantly to the University especially within the 
Department of Chemistry both in teaching and in research in the field of colloid 
chemistry. As a colloid chemist Egon was involved in examining physicochemical 
properties of colloids and interfaces, in several aspects of application and especially in 
developing new methods of preparation of well defined uniform particles. At present his 
main focus lies in the application of colloidal systems in medicine. Egon Matijević is a 
prominent scientist and his achievements were recognized by the scientific community 
world wide being the recipient of numerous prestigious awards. 

COLL 104 

Water at inert and hydrophobic surfaces 

Nikola Kallay, nkallay@chem.pmf.hr, Tajana Preocanin, Matija Lovrak, Filip Supljika, 
Atidja Selmani.Department of Chemistry, Faculty of Science, University of Zagreb, 
Zagreb, Croatia 

Isoelectric point (iep) of water at inert and hydrophobic surfaces was found to be close 
to pH 3 which means that interfacial water is negatively charged in a broad pH region 
above e.g. pH 4. Accordingly, the charge of interfacial water layer contributes to net 
charge of colloid particles dispersed in aqueous medium so that isoelectric points of 
silver halides measured at pH 7 do not represent electroneutral surface with respect to 
adsorption of silver and halide ions. However, values of iep measured at pH 3 may be 
used as electroneutrality point. The equlilibrium constants for adsorption of silver and 
halide ions, as obtained from surface potential data, were corrected accordingly. 
Interpretation of electrokinetic and surface potential data for water/air interface leads to 
conclusion that ionization of interfacial water layer is significantly more pronounced with 
respect to the bulk water. 

COLL 105 

Thermodynamic stability of nanoparticle dispersions 

Ramanathan Nagarajan, ramanathan.nagarajan@us.army.mil.Molecular Sciences and 
Engineering Team, Natick Soldier Research, Development and Engineering Center, 
Natick, MA 01760, United States 

Nanoparticles need to retain their identity as single particles and not be vulnerable to 
aggregation if one has to take advantage of their nanoscale properties. However, given 
the large specific surface area characteristic of nanoparticles, even small magnitudes of 
van der Waals attractions are adequate to cause the nanoparticles to aggregate. 
Classical approaches to stabilization of colloidal particle dispersions have focused on 



attaining kinetic stability, usually by creating an electrostatic and/or steric potential 
barrier between the particles. We examine whether a thermodynamically stable 
dispersion of nanoparticles can be generated as a result of spontaneous molecular 
assembly in nanoparticle - block copolymer systems in selective solvents. The block 
copolymer can form micelles excluding the nanoparticles or it can form micelles in which 
the nanoparticles are solubilized. The nanoparticle size, inter-particle attractions, 
particle-polymer interactions and the molecular weight and composition of the block 
copolymer, all control whether thermodynamically stable micelles solubilizing 
nanoparticles will form or not. We investigate the solubilization of spherical 
nanoparticles and also of carbon nanotubes in block copolymer micelles using a simple 
phenomenological theory of solubilization. We also examine how the solubilization of 
nanoparticles by the block copolymer micelle can be further tuned by the addition of 
small hydrophobic molecules. 

COLL 106 

Particle manipulation using heterogeneous physico-chemical and hydrodynamic 
interactions 

Maria Santore, santore@mail.pse.umass.edu.Department of Polymer Science and 
Engineering, University of Massachusetts, Amherst, MA 01003, United States 

While classical mean field treatments such as DLVO address the interesting particle 
pair potentials arising from competing attractions and repulsions, the fascinating 
features result from differences in the range and strength of the attractions and 
repulsions. Most real systems have the additional complication of surface heterogeneity, 
for instance producing locally attractive and repulsive regions on the surface, with these 
regions ranging from the nano-scale to the micro-scale in size. When the length scale of 
the heterogeneity approaches that of the particles, the results are mostly easy to 
anticipate. However, when the heterogeneity length scale is tiny, on the order of 
nanometers, unusual behaviors result. This talk will describe systematic experiments 
that provide quantitative insights into the consequences of interfacial heterogeneity, for 
instance explaining how particles with strong negative zeta potentials can be highly 
attractive as a result of electrostatic heterogeneity. 

COLL 107 

Aggregation in colloidal dispersions induced by polyelectrolytes or their 
oligomers 

István Szilágyi, istvan.szilagyi@unige.ch, Amin Sadeghpour, Michal 
Borkovec.Department of Inorganic, Analytical and Applied Chemistry, University of 
Geneva, Geneva, Switzerland 

While effects of polyelectrolytes or multivalent ions on colloidal stability were studied in 
depth, little is known on the nature of the transition between these two regimes. We 



investigate this question by light scattering and electrophoresis with amidine or 
carboxylic polystyrene latex particles in the presence of oppositely charged 
polyacrylates or polyamines, and cover the entire range from monomers through 
oligomers to polyelectrolytes. The transition between the two regimes can be observed 
for oligomers of intermediate valence, and passes through the coexistence of two 
regimes, namely overcharging at low concentrations and screening at higher 
concentrations. The onset of the overcharging is in good agreement with the Schulze-
Hardy rule for oligomers, while this position is independent of the valence for the 
polyelectrolytes. The stability data of any valency can be well described by the DLVO 
theory indicating that the interactions are governed by van der Waals and electrostatic 
double layer forces. 

COLL 108 

Fluids and glasses of nanoparticle clusters: Phase behavior, dynamics, and 
applications 

Surita R Bhatia, sbhatia@ecs.umass.edu.Department of Chemical Engineering, 
University of Massachusetts Amherst, Amherst, MA 01003, United States 

Attractive nanoparticles that form stable, finite-sized clusters have recently generated 
significant attention. From a fundamental point of view, existence of such clusters raises 
a number of questions. What characteristics must the interparticle potential have to give 
rise to such clusters? What determines the cluster size and morphology? Are clusters 
static entities that freely diffuse in solution, or are they dynamic assemblies that break 
up and re-form? From an applications point of view, nanoparticle clusters are of interest 
for applications drug delivery, bioimaging, and toner for digital printing. In this talk, I will 
discuss recent experimental efforts of our group to understand nanoparticle clusters 
using disc-shaped colloids with both adsorbing and non-adsorbing polymers. I will also 
present collaborative work on developing process models that can be used to predict 
process and product conditions that will lead to cluster formation, relevant to industrial 
applications of such systems. 

COLL 109 

Anisotropic microparticles on interfaces of anisotropic liquids 

Kathleen J Stebe1, kstebe@seas.upenn.edu, Daniel Beller2, Marcello Cavallaro1, 
Mohammed Gharbi2, Randall Kamien2, Shu Yang3.  (1) Department of Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philadelphia, PA 19104-6393, 
United States  (2) Physics and Astronomy, University of Pennsylvania, Philadelphia, PA 
19104-6393, United States  (3) Department of Materials Science and Engineering, 
University of Pennsylvania, Philadelphia, PA 19104-6393, United States 

When microparticles with complex shapes are placed on the interface of an isotropic 
liquid, they interact owing to capillarity to form regular structures. On curved interfaces, 



particles migrate owing to capillarity to sites of high curvature. We have demonstrated 
this phenomenon using interfaces with imposed curvature fields molded by confining 
geometries. When such microparticles are placed at interfaces of nematic liquid 
crystals, the elastic energies in the liquid crystalline subphase influence the particle 
trajectories and the structures formed. Recent progress in understanding particle 
migration and assembly in defect arrays defined by confining geometries is presented. 

COLL 110 

Defeating salt-induced dispersion coagulation with ionic liquid-based copolymers 

John Texter, jtexter@emich.edu.School of Engineering Technology, Eastern Michigan 
University, Ypsilanti, MI 48197, United States 

Charge stabilized dispersions remain significant materials for many applications and 
industrial segments. The possible significance of osmotic brushes in stabilizing 
dispersions was realized two decades ago, but grafting onto surfaces and surface 
initiated polymerization are too expensive to implement cost effectively. We illustrate 
two classes of new stabilizers that provide osmotic brush-like stabilization, but that can 
be formulated by adsorption form solution. Both classes are derived from copolymers of 
ionic liquid monomers: one is a new class of nanolatexes and the other is a new class of 
block copolymers. These new stabilizers are also stimuli responsive to select anions, a 
property that derives from a Hofmeister series in imidazolium – anion binding affinity. 
The efficacy of the nanolatexes can be explained by characterizing them as osmotic 
nanospheres, and that of the block copolymers as osmotic brushes. 

COLL 111 

Coagulation properties obtained from the Poisson-Boltzmann equation 

Eytan Barouch, eytanbrch@gmail.com.Department of Mechanical Engineering, Boston 
University, Boston, MA 02215, United States 

Properties of the Poisson-Boltzmann equation are very different from standard 
electrostatics. The case of two plates with potentials A,B, with B>A>0 the plates are 
repulsive for large distances but at a critical separation the plates have no relative 
electrostatics force and below this critical separation the plates become attractive. For 
higher dimensions, the surfaces are curved. When both particles have positive and 
unequal potentials the critical distance is the beginning of a partial attraction of the two 
particles and a second critical distance will determine total attraction. All these critical 
distances are dependent on the Debye parameter which in-turn depends on the solution 
concentration. By changing concentration we can control the attraction forces which 
would lead to coagulation, and could also lead to the solution of coagulated system. 
Among applications of this process is the cleaning of fuel rods of the nuclear reactors. 

COLL 112 



Surface chemistry and rheological properties of nano-TiO2 colloidal suspensions 

Mihaela Jitianu, jitianum@wpunj.edu.Department of Chemistry, William Paterson 
University, Wayne, New Jersey 07470, United States 

Nano-TiO2 has received growing attention because of photocatalytic and photovoltaic 
applications. For sub-micron particles suspensions, electrostatic interparticle forces are 
significant, their mutual aggregation being an important factor. Colloidal forces control 
the rheological properties of fine particle suspensions, and are significant for particle 
sizes less than 1mm. The TiO2 explored has particle size between 0.17-0.7 mm, and 
was synthesized via sulfate process, where modification of particular parameters 
resulted in powders with different surface chemistry. While the van der Waals forces in 
the suspensions would be essentially constant, the electrostatic ones will vary with the 
surface charge density, therefore with the residual sulfate level in colloidal suspensions 
created with different sulfate-level TiO2. Rheological profiles were used to compare the 
strength of bonding between aggregates for different TiO2 powders. The study 
evaluates suspension rheology along with field emission scanning electron microscopy 
(FESEM) imaging of freeze dried suspensions at different moments of rheological 
investigation. 

COLL 113 

Biologiocal apatite in the formation of idiopathic calcium oxalate kidney stones 

Saeed R Khan, khan@pathology.ufl.edu.Department of Pathology, College of 
Medicine, University of Florida, Gainesville, Florida 32610, United StatesDept. Materials 
Science & Engineering, University of Florida, Gainesville, Florida 32610, United States 

Idiopathic calcium oxalate (ICaOx) kidney stones develop attached to sub-epithelial 
deposits of calcium phosphate (CaP), so-called Randall's plaques (RP), on renal 
papillary surfaces. RPs themselves start by deposition of poorly crystalline apatitic CaP 
crystals in basement membrane of Loops of Henle. We hypothesized that RPs grow by 
crystallization through heterogeneous nucleation. To determine the substrate which 
promotes crystallization of CaP and growth of RP, we microscopically examined renal 
papillary tissue from ICaOx stone patients, obtained at the time of stone removal. 
Scanning electron microscopy and energy dispersive x-ray microanalysis showed RPs 
to consist of spherical CaP crystals in association with fibers and amorphous material. 
Transmission electron microscopy revealed a laminated nature of the spherical CaP, 
identified the fibers as mostly collagen, and amorphous material as membrane bound 
vesicles. Apparently RP's start as CaP crystals in association with vesicles, and grow by 
mineralization of membranous vesicles and collagen fibers. 

COLL 114 

Effects of biopolymers on the formation and transformation of amorphous 
calcium phosphate in aqueous system 



Ming S Tung, ming.tung@nist.gov, Jesse Hwang.Paffenbarger Research Center, NIST, 
American Dental Association Foundation, Gaithersburg, Maryland 20899, United States 

Amorphous structures represent about 20% of the 60 or so different mineral types 
formed by action of living organisms. These formations involve biopolymers. The 
solubility of three biopolymers, gelatin, chitosan, and casein, and their effects on the 
formation and transformation of amorphous calcium phosphate were studied. A 
phosphate solution was added at constant rate to a calcium solution under stirring; one 
of the solutions further contained one of the biopolymers. The precipitation kinetics was 
followed by measuring the pH of the calcium phosphate mixture. The precipitate was 
characterized with X-ray powder diffraction, infrared spectroscopy, and scanning 
electron microscope. Gelatin dissolved better in calcium solutions, chitosan in organic 
acids, and casein in alkalis. In the alkaline solution, amorphous calcium phosphate 
containing biopolymer is formed initially followed by hydrolysis to poorly crystalline 
apatite. These amorphous calcium phosphate biopolymer precipitates have potential for 
the treatment of bone defects and for the tooth remineralization. 

COLL 115 

Inhibition of calcium phosphate by phosphonates: The effect of 
triazinetriphosphonic acid 

Stamatia G Rokidi1,3, Panayiotis I Ioannou2, Petros G Koutsoukos1,3, 
pgk@chemeng.upatras.gr.  (1) Department of Chemical Engineering, University of 
Patras, PATRAS, Western Greece 26500, Greece  (2) Department of Chemistry, 
University of Patras, PATRAS, Western Greece 26500, Greece  (3) Institute of 
Chemical Engineering Sciences (FORTH-ICEHT), PATRAS, Achaia 26331, Greece 

Calcium phosphate is the model inorganic compound for the hard tissues of higher 
mammals and also for pathological formations which may cause serious health 
problems. Phosphonates have long been known to inhibit the nucleation and crystal 
growth of calcium phosphates. In the present work we have investigated the role of 
1,3,5-triazinetriphosphonic acid in the seeded crystal growth of hydroxyapatite 
(Ca5(PO4)3OH, HAP), at pH 7.40, 37◦C. The compound was stable at the experimental 
conditions tested and showed drastic reduction of the rates of crystal growth combined 
with high affinity for the substrate. This was attributed to the structure of the compound 
and to the number of ionizable phosphonate groups. The kinetics of crystal growth 
analyzed on the assumption of Langmuir-type adsorption gave satisfactory fit of the 
data and the calculated affinity was comparable with phsphonic compounds known for 
their efficiency to suppress biological mineralization. The morphology of HAP crystallites 
was unaffected. 

COLL 116 

Improvement of wettability and osteoblastic adhesion by surface electric fields of 
polarized hydroxyapatite 



Miho Nakamura, miho.bcr@tmd.ac.jp, Akiko Nagai, Kimihiro Yamashita.Institute of 
Biomaterials and Bioengineering, Tokyo Medical and Dental University, 2-3-10 Kanda-
Surugadai, Chiyoda, Tokyo, Japan 

Osteoblasts are susceptible to the surface characteristics of bioceramics and 
stimulation from outside the cells. The purpose of this study was to evaluate the effects 
of electrical polarization on surface characteristics and osteoblastic adhesion. The 
surface characteristics revealed that electrical polarization had no effect on surface 
roughness, crystallinity, and constituent elements. According to contact angle 
measurement, electrically polarized HA, which provides two kinds of surfaces, 
negatively charged HA (N-HA) and positively charged HA (P-HA), was even more 
hydrophilic than that of normal HA. Morphological observations and quantitative 
analyses revealed that the cell areas positively stained for actin, which indicates the 
degree of cell spreading, were distinctly larger on the N-HA and P-HA than that on the 
HA. 

 

 
 

COLL 117 

Industrial impact of calcium carbonate mineral scales: Role of surface chemistry 

Ponisseril Somasundaran, ps24@columbia.edu, Partha Patra.Earth and 
Environmental Engineering, Columbia University, New York, New York 10027, United 
States 

The formation of mineral scale, in particular calcium carbonate scale, poses serious 
operational problems in industries ranging from oil and gas to desalination. The surface 
chemistry of calcium carbonate under various conditions (pH, ionic strength, etc) plays a 
critical role in the formation, growth and aggregation of such scale. The point of zero 
charge (PZC) of calcite was investigated by measuring the streaming potential, solution 
equilibrium, and flotation response as a function of solution pH. The PZC was shown to 
lie within the range of pH 8 to 9.5. Thermodynamic calculations suggest that the 
potential-determining ions are Ca ++, HCO3

 -, CO3
2-, H+, and OH-. Mechanisms of charge 

development at the calcite-water interface are discussed. The preferential hydrolysis of 
surface ions or the interfacial adsorption of complexes formed in solution appears to 
play an important part in establishing the surface charge. Solutions with an initial pH 
near the isoelectric point showed a time-dependent change in zeta potential and pH 
initially in one direction and later in the opposite direction, suggesting that a combination 
of fast and slow reactions is responsible for the charge development at the interface. 
Solution chemistry thus provides the base for the selection of reagents (e.g. EDTA, 
Phosphates, etc) that can form complexes with Ca++. Calcium activity in solution can 
thus be decreased using complexing agents so that the scale formation can be 
controlled. 



COLL 118 

Mitigating the coastal ecological damage of spilled oil via oil anti-deposition 
strategies 

Lisa K. Kemp, Lisa.Kemp@usm.edu, Robert Y Lochhead, Sarah E Morgan, Daniel A 
Savin.School of Polymers & High Performance Materials, The University of Southern 
Mississippi, Hattiesburg, MS 39406-0001, United States 

Oil dispersants are used today to disperse spilled oil from waters in the marine 
environment and in coastal and inland waters. These dispersants do not prevent fouling 
of substrates such as birds, animals, and plants by the spilled oil. The objective of this 
research was to mitigate the deposition of oil on solid coastal surfaces including soil, 
sand, plant and wild-life, in response to the Deepwater Horizon incident. 

Using high–throughput investigation of emulsification, combined with deposition 
measurements using quartz crystal microbalance and atomic force microscopy 
techniques and light scattering to characterize of droplet dispersion distribution, we 
have developed dispersants based on bilayer-forming surfactants and amphiphilic 
polysaccharides. Once dispersed by these systems, the dispersed oil does not wet nor 
spread upon hydrophobic substrates such as bird feathers. 

COLL 119 

Production of nano calcite 

Gorkem Toprak, Sezen Duygu Alıcı, Eda Ulkeryildiz, Sevgi Kilic Ozdemir, Ekrem 
Ozdemir, ekremozdemir@iyte.edu.tr.Department of Chemical Engineering, Izmir 
Institute of Technology, Urla, Izmir 35430, Turkey 

Calcite has been used as filling materials in polimeric composites, paper, coatings, etc. 
Although clacite can easily be produced by mixing of CaCl2 with Na2CO3 as in the 
chemical method and dispersing CO2 in Ca(OH)2 solution as in the carbonization 
method, the size obtained is larger than 3 μm for the former proces, and it is sometime 
less than 1 μm for the latter. A fixed procedure for the production of nano calcite with 
monodisperse size distribution is very rare. Here, we developed a method for the 
production of nano calcite with monodisperse size distibution, and different 
morphologies. 

COLL 120 

Evaluation of biopolymers as iron oxide (rust) dispersants for industrial water 
systems 

Dominique Guyton, DominiqueGuyton@Walsh.Edu, Zahid Amjad.Division of 
Mathematics and Sciences, Walsh University, North Canton, Ohio 44720, United States 



Feed water available for domestic and industrial uses is generally contaminated with 
various forms of dissolved ions (i.e., Ca2+, Mg2+, CO3

2- , SO4
2-) colloidal, and suspended 

matter (i.e., silt, clay, corrosion products). The type, size, and concentration of 
suspended particles affect their behavior in water systems. Although feed waters 
contain a variety of suspended matter, iron-based foulants (e.g., Fe2O3, Fe3O4, 
Fe(OH)3, etc.) are generally considered to be one of the most challenging problems. 
Among the various approaches developed over the years, the use of dispersant is 
generally considered to be the most economical method to control deposition of iron 
based deposits on equipment surfaces. 

The present study is concerned with the evaluation of biopolymers as iron oxide 
dispersants. The biopolymers selected include carboxymethyl inulin and 
lignosulfonates. It has been observed that functional groups present in both biopolymers 
play important roles in imparting dispersing activity to biopolymers. Additionally, 
performance data on polymer blends will also be presented. 

COLL 121 

Charge dependent protein corona and cellular uptake of polymer-coated colloidal 
nanoparticles 

Wolfgang J. Parak, wolfgang.parak@physik.uni-marburg.de.Fachbereich Physik, 
Philipps Universität Marburg, Marburg, Germany 

Colloidal gold nanoparticles (NPs) were modified with an amphiphilic polymer, whereby 
the only variable parameter was the sign of charge (positive / negative). The polymers 
where optionally fluorescence labeled. The properties of these NPs were thoroughly 
characterized with a large set of different experimental techniques. Structural properties 
were investigated with transmission electron microscopy (TEM) and UV/vis absorption 
spectrocopy. Colloidal properties were probed with UV/vis absorption spectroscopy, gel 
electrophoresis, size exclusion chromatography, dynamic light scattering, and zeta-
potential measurements. Protein adsorption in different media was analyzed by 
fluorescence correlation spectroscopy (FCS), differential scanning calometry (DSC), 
and liquid chromatography mass - mass spectrocopy (LC-MS). Uptake of nanoparticles 
by cells was characterized by confocal microscopy and flow cytometry (FACS) and 
cytotoxic effects were probed with sevaral assays. The highly defined nature of the NPs 
and their detailed characterization allows for correlating surface charge of NPs with 
protein adsorption and subsequent cellular internalization. 

COLL 122 

Surface modification of nanodiamond for biomedical and composite applications 

Vadym N Mochalin1, vadym@coe.drexel.edu, Ioannis Neitzel1, Qingwei Zhang2, 
Amanda Pentecost1, Matthew Nelson1, Yury Gogotsi1.  (1) Department of Materials 
Science and Engineering, Drexel University, Philadelphia, Pennsylvania 19104, United 



States  (2) Department of Mechanical Engineering and Mechanics, Drexel University, 
Philadelphia, Pennsylvania 19104, United States 

Nanodiamond powder is one of the most promising carbon nanomaterials for biomedical 
and composite applications[1]. Nanodiamond is made of ~5nm diamond particles with 
large accessible surface and tailorable surface chemistry; has unique optical, 
mechanical, and thermal properties; and is non-toxic. To fully exploit the potential of 
nanodiamond in drug delivery, biomedical imaging, and nanocomposites, attention must 
be paid to its purity, surface chemistry, and dispersion quality. Surface modification of 
nanodiamond for several composite and biomedical applications will be discussed. 
Linking of octadecylamine improves dispersion of nanodiamond in hydrophobic 
polymers. Reactions of nanodiamond functional groups with polymers bring the 
nanocomposite design to a new level, allowing for creation of covalent nanofiller-matrix 
interface with designed properties. For tissue engineering scaffolds, non-toxic 
fluorescent nanodiamond introduced into biodegradable polymers provides increased 
strength, visual monitoring, enhanced biomineralization, and release of growth factors 
and antibiotics attached to its surface. In drug delivery, rational surface modification 
allows for enhanced adsorption and chemical binding of drugs with sustained or 
triggered release. 

1. Mochalin, V. N.; Shenderova, O.; Ho, D. Nature Nanotechnol. 2012 , 7, 11-23. 

COLL 123 

Synthesis of pH sensitive calcium hydrophosphate/polymeric liposome core-shell 
nanocomplex for controlled drug release 

HANJIE WANG, SHU YANG, shuyang@seas.upenn.edu.Materials Science and 
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania 19104, United 
States 

Owing to their small size, nanoparticles (NPs) can be efficiently directed toward, and 
subsequently internalized by cells, thereby offering an effective approach for delivery of 
drug and/or gene to tumor cells. Despite the tremendous efforts in NP design and 
synthesis, site-specificity, efficacy, stability and toxicity of the carriers remain the major 
hurdle for the clinic application of NPs in therapeutics. Here, we report synthesis of pH-
sensitive core-shell nanocomplex, consisting of calcium hydrophosphate core and 
polymeric liposome shell, for controlled release of cancer drug, doxorubicin 
hydrochloride. The drugs were loaded in the calcium hydrophosphate core, which was 
subsequently functionalized with PEGlated octadecyl-quaternized poly (γ-glutamic acid) 
(PEG-OQPGA) as shell. The latter would provide stealthiness and steric stability of the 
nanocomplex during circulation in the blood stream. SEM and TEM images showed that 
our hybrid core-shell nanoparticles were spherical with size in the range of 25-50 nm., 
While stable in pH 7, the calcium hydrophosphate core dissolved rapidly at pH~ 5 
(within the endosomal pH range), enabling controlled drug release. Compared to 
conventional polymer vesicles functionalized with polycations, such as 



poly(ethyleneimine) (PEI) and poly-L-lysine (PLL), the hybrid core-shell nanocomplex 
synthesized here could potentially enhances endosome escape efficiency while 
reducing cytotoxicity. 

COLL 124 

Controlling nanodiamond surface functionalization by a layer-by-layer approach 

Ioannis Neitzel1, in34@drexel.edu, Bastian Etzold2, Bastian.Etzold@crt.cbi.uni-
erlangen.de, Florian Strobl2, Vadym Mochalin1, Yury Gogotsi1.  (1) Department of 
Materials Science & Engineering, Drexel University, Philadelphia, PA 19104, United 
States  (2) Lehrstuhl für Chemische Reaktionstechnik, University of Erlangen-
Nuernberg, Erlangen, Bayern 91058, Germany 

Nanodiamond particles (ND) stimulate broad interest due to their tunable surface 
chemistry and numerous potential applications. The advantage of using ND arises 
mainly from the versatility of carbon and the high accessible external surface area (~350 
m2/g) of 5 nm diameter ND particles. After production and subsequent purification, ND 
bears a dense surface layer of different oxygen containing functional groups. 

The aim of this work is to achieve a better control on the density of ND functional groups 
and the removal of strongly bound oxygen containing functional groups. For this 
purpose we have developed a stepwise layer-by-layer annealing approach: the surface 
of ND is 'cleaned' during each desorption step and new oxygen groups are introduced 
during the oxidation step. The temperature ranges for this process were determined by 
TGA experiments in different atmospheres. We report on characterization of ND after 
this treatment by FTIR, Raman, TEM, TGA and DLS. 

COLL 125 

Peptide-enabled synthesis and assembly of nanoparticles 

Nathaniel Rosi, nrosi@pitt.edu.University of Pittsburgh, United States 

This talk will detail a new synthetic framework for designing and 

preparing arbitrarily complex nanoparticle superstructures. The methods 

rely on carefully designed peptide constructs that serve to both direct 

nanoparticle synthesis and nanoparticle assembly. The talk will 

describe how particular nanoparticle superstructures can be targeted and 

realized, including various linear, helical, and spherical structures. 



The mechanistic details underlying this new and unique methodology will 

be highlighted 

COLL 126 

Catalytic Hydrodechlorination of Trichloroethylene in Water with Supported CMC-
Stabilized Palladium Nanoparticles 

Man Zhang1, Deborah Bacik2, Dongye Zhao1, zhaodon@auburn.edu, Christopher 
Roberts2.  (1) Civil Engineering, Auburn University, Auburn, AL 36849, United States  
(2) Chemical Engineering, A, Auburn, AL 36849, United States 

We developed and tested a new class of supported Pd catalysts by immobilizing CMC 
(carboxymethyl cellulose) stabilized Pd nanoparticles onto three types of support 
materials. With a Pd loading of 0.33wt%, alumina supported Pd nanoparticles were able 
to facilitate rapid and complete hydrodechlorination of TCE (trichloroethylene). 
Compared to commercial alumina supported Pd, our alumina supported CMC-stabilized 
Pd nanoparticles offered more than 7 times greater activity. Pre-calcination treatment 
resulted in minor loss in activity, yet greatly reduced bleeding (<6%) of the Pd 
nanoparticles. A two-phase kinetic profile was observed for the supported catalyst with 
an induction time of ~15 min. The presence of DOM at up to 10 mg/L as TOC had 
negligible inhibition. The use of a highly hydrophobic carbonaceous resin (Ambersorb-
572) as the support did not offer any advantage over alumina. The alumina supported 
CMC-stabilized Pd nanoparticles may serve as a class of more effective catalysts in 
water treatment. 

COLL 127 

Surfactant Enhanced Polluted And Waste Water Remediation 

Abeer Al Bawab, drabeer@ju.edu.jo, Fadwa Odeh, Manar Fayyad.Chemistry, 
University of Jordan, Amman, Jordan 

Surfactant enhanced aquifer remediation (SEAR) technology is a well known method in 
aquifer remediation of soil, solid drilling wastes and ground water from the Non Aqueous 
Phase Liquids (NAPLs). 

This investigation focus the application of surfactant enhanced aquifer remediation 
(SEAR) technology using modified surfactant to improve the treatment of polluted water, 
a new kind of surfactant was used which new various extended surfactants of the type 
(branched hydrocarbon chain)-(propoxyle group)-(sulfate). According to our knowledge 
these surfactants are not used yet to enhance the remediation of the polluted or waste 
water. 



Investigations of the phase behavior as a three components system showed the 
effectiveness of these surfactants in forming a two phase region of pure water and an 
organic phase contain the organic pollutant and the surfactant. The effect of adding a 
small amount of cationic hydrotropes on the formation of the desired two-phase was 
studied also. 

NMR and spectroscopic Results showed that this surfactant can be used for treatment 
of polluted water, and the amounts of needed surfactants to extract the organic 
contaminant can be determined using the three-dimensional phase behavior of the 
organic contaminant, water and the proposed surfactant. 

COLL 128 

Activation of surface hydroxyl groups for molecular reactions by modification of 
H-terminated Si(111) surfaces 

Yves J Chabal, chabal@utdallas.edu, Peter Thissen, Tatiana Peixoto, Oliver Seitz, 
Abraham Vega, Roberto C. Longo, Kyeongjae Cho.Materials Science and Engineering, 
The University of Texas at Dallas, Richardson, TX 75080, United States 

Chemical functionalization of semiconductor surfaces, particularly silicon oxide, has 
enabled many technologically important applications (e.g. sensing, photovoltaics, and 
catalysis). For such processes, hydroxyl groups terminating the oxide surface constitute 
the primary reaction sites. However, their reactivity is often poor, hindering 
technologically important processes, such as surface phosphonation requiring a lengthy 
post-processing annealing step at 140° C with poor control of the bonding geometry. 
Using a novel oxide-free surface featuring a well-defined nanopatterned OH coverage, 
we demonstrate that hydroxyl groups on oxide-free silicon are more reactive than on 
silicon oxide. On this model surface, we show that a perfectly ordered layer of 
monodentate phosphonic acid molecules is chemically grafted at room temperature, 
and explain why it remains completely stable in aqueous environments, in contrast to 
phosphonates grafted on silicon oxides. This fundamental understanding of chemical 
activity and surface stability suggests new directions to functionalize silicon for sensors, 
photovoltaic devices, and nanoelectronics. 

COLL 129 

Copper nanoparticle deposition with Cu(hfac)VTMS on modified Si surfaces: Size 
control, kinetics, and mechanism 

Jia-Ming Lin1, mint@udel.edu, Kathryn A Perrine2, Andrew V Teplyakov1.  (1) 
Department of Chemistry and Biochemistry, University of Delaware, Newark, DE 19713, 
United States  (2) Department of Chemistry, University of California, Irvine, Irvine, CA 
92697, United States 



Functionalized silicon surfaces draw growing attention for their potential to control 
chemical deposition processes, specifically metallic particle nucleation and size 
distribution and interface properties. To meet the requirements for the control of these 
properties, a comprehensive understanding of surface reaction mechanisms between 
the precursor molecule and surface reactive sites is desired. Copper 
(hexafluoroacetylacetonato) vinyltrimethylsilane, or Cu(hfac)VTMS, was used to deposit 
copper nanoparticles on several functionalized Si surfaces including H-Si(100), H-
Si(111), NH2-Si(100), NH-Si(100), NHx-Si(100), and OH-Si(100) in this work. We used 
atomic force microscopy (AFM), infrared spectroscopy (MIR-FTIR), X-ray photoelectron 
spectroscopy (XPS) and temperature programmed desorption (TPD) supported with 
density functional theory calculations (DFT) to study reaction kinetics and mechanisms, 
particle size control, and the elemental composition of the structures deposited. 

COLL 130 

Silicon/organic interfaces: The role of surface defects and their minimization in 
photovoltaics 

Robert L. Opila1, opila@udel.edu, Dan Yang1, L. L. Costello1, N. Kotulak2.  (1) 
Materials Science and Engineering, University of Delaware, Newark, DE 19716, United 
States  (2) Electrical and Computer Engineering, University of Delaware, Newark, DE 
19716, United States 

Defects are intrinsically related to the performance of solar cells. In solar cells the 
generation and collection of charge carriers determines their efficiency. Effective 
transport of charge carriers across interfaces and minimization of their recombination in 
the bulk or at surfaces and interfaces is of utmost importance. In this talk we will discuss 
the role of surface defects. Surface passivation is very important in limiting the rate of 
carrier of recombination. Here we will combine spectroscopic evaluation of the surface 
of a Si device with electrical lifetime measurements to ascertain what factors determine 
the quality of a solar cell passivation. The ability of quinhydrone dissolved in methanol 
to electrically passivate hydrogen-terminated silicon surfaces with respect to minority 
carrier recombination has been confirmed. The relative importance of the p-
benzoquinone component of quinhydrone has been found to be the active agent. It is 
the presence of the ketones on opposite sides of the phenyl ring that works to passivate 
the surface, although the exact mechanism is under investigation. The passivation 
appears to include more than merely repairing damage, such as oxidation, on the 
hydrogen terminated silicon surfaces. One hypothesis is that the p-benzoquinone reacts 
with the surface to create charged sites. The Coulombic repulsion between the carrier 
and the charged site would then limit recombination. Elucidation of this mechanism 
provides the opportunity to prepare a high-efficiency induced-junction solar cell built on 
organic/silicon surface chemistry. 

COLL 131 



Functionalizing solid surfaces by monolayer and multilayer chemistry: From 
fundamentals to applications 

Bonggeun Shong, Keith Wong, Han Zhou, Stacey Bent, 
sbent@stanford.edu.Department of Chemical Engineering, Stanford University, 
Stanford, CA 94305, United States 

As electronic devices approach the nanometer size scale, surface properties can 
dominate device behavior. One way to control the properties of a solid surface is 
through organic functionalization. The presentation will begin by examining molecular 
attachment chemistry to form monolayers at the reconstructed semiconductor surface. 
The talk will focus on reactions of bifunctional molecules such as benzoquinones and 
benzenediols, because of the possibilities for having one of the functionalities available 
for further modification. The results will show that electronic effects as well as basic 
geometric factors play a role in determining the product distributions. The talk will also 
introduce layer-by-layer organic functionalization using bifunctional molecules as a way 
to change surface properties and introduce new functionality. Results in which this 
multilayer attachment chemistry is extended into a molecular layer deposition (MLD) 
process for new materials applications in nanoelectronics will be presented. 

COLL 132 

Alkane adsorption and activation on a PdO(101) thin film 

Jason F Weaver1, weaver@che.ufl.edu, Can Hakanoglu1, Abbin Antony1, Jose A 
Hinojosa1, Aravind Asthagiri2.  (1) Department of Chemical Engineering, University of 
Florida, Gainesville, FL 32611, United States  (2) Department of Chemical and 
Biomolecular Engineering, The Ohio State University, Columbus, OH, United States 

The formation of palladium oxide (PdO) is thought to be responsible for the exceptional 
activity of supported Pd catalysts toward the complete oxidation of alkanes under 
oxygen-rich conditions. In this talk, I will discuss our recent investigations of the 
adsorption and activation of n-alkanes on a PdO(101) thin film that is prepared by 
oxidizing Pd(111) in ultrahigh vacuum (UHV) using an oxygen atom beam. We find that 
alkanes adsorb relatively strongly on the PdO(101) surface by forming s-complexes 
along the rows of coordinatively unsaturated (cus) Pd atoms, and that this adsorbed 
state acts as the precursor for initial C-H bond cleavage. I will discuss characteristics of 
the binding and activation of alkane s-complexes on PdO(101) as determined from both 
experiment and density functional theory calculations. 

COLL 133 

Surface Species Formed Following Ethanol Adsorption on ZnO Powder during 
Thermal Transformation 



Jia Gao, gaoj@udel.edu, Andrew V. Teplyakov.Chemistry and Biochemistry, University 
of Delaware, NEWARK, Delaware 19716, United States 

Adsorption of ethanol on ZnO powder was investigated by Fourier-transform infrared 
spectroscopy (FTIR) and density functional theory (DFT). Previous studies of ethanol on 
ZnO focused on the thermal desorption analysis, yet the adsorption mechanisms and 
surface reactions have not been fully understood. Here we show that the primary 
dissociative adsorption at room temperature resulting in a monodentate surface ethoxy 
intermediate characterized by clear CH3 deformational modes at 1390 cm-1, is followed 
by the formation of a bidentate ligand with a characteristic O-C-O bridge vibration at 
1544 cm-1. Multiple reaction cycles and various thermal regimes helped us identify the 
nature of the bidentate ligand and compare the surface species produced in the thermal 
transformation of ethanol to the surface species produced by direct adsorption of 
acetaldehyde and acetic acid onto the same ZnO powder. The absence of vibrational 
signature of surface hydroxyl-species on ethanol-exposed ZnO powder is also 
explained. 

COLL 134 

The Adsorption and Reaction of Organosulfur Compounds on TiO2(110) 

Lauren Benz, laurenbenz@sandiego.edu, Aileen Park, Michelle P. Mezher, Jenelle R. 
Corey, Elizabeth R. Webster.Department of Chemistry and Biochemistry, University of 
San Diego, San Diego, CA 92110, United States 

We have investigated the interaction of several organosulfur compounds with a 
TiO2(110) surface using temperature programmed reaction spectroscopy and 
photoelectron spectroscopy. Molecules selected for this study include thiols, 
thiophenes, and their larger derivatives, many of which are found in natural petroleum 
sources and prove problematic in current desulfurization processes. By comparing 
desorption activation energies, relative binding mechanisms are proposed, suggesting 
that chemisorption occurs to the surface via the lone pair electrons on sulfur, while 
physisorption occurs via coordination to the aromatic ring. The type of adsorption 
depends upon molecular structure. We have also explored the reactivity of these 
molecules with a modified TiO2 surface, which in some cases led to molecular 
decomposition. 

COLL 135 

TiO2 photochemistry: Activation of molecular oxygen 

Mary Jane Shultz, Mary.Shultz@Tufts.edu, Faith Dukes, Bryce Meyer, Elizabeth 
Iuppa.Chemistry, Tufts University, Medford, MA 02155, Afghanistan 

The importance of clean water for human health cannot be overstated: fully one half the 
world's hospital beds are occupied by people suffering from disease directly attributable 



to contaminated water. The wide band-gap semiconductor TiO2, extensively studied due 
to potential application in solar-energy collection and hydrogen generation, has great 
potential for pollutant remediation. The low photo efficiency of TiO2 in aqueous solution 
prevents conversion of this potential. Thus, numerous investigators dope TiO2 to 
increase efficiency. The results are mixed: some report increased efficiency while 
others, sometimes from the same laboratory, report decreased efficiency even when 
doping with the same species. Mechanistic studies have not clarified the picture. 
Ultrananoscopic (≤ 2 nm) particles demonstrate consistent results enabling kinetic 
investigation that indicates the primary difference between doped and undoped TiO2 
rests in the fate of the electron. Undoped TiO2 reduces water to hydrogen; doped TiO2 
activates molecular oxygen. 

COLL 136 

Design of biomimetic vascular grafts with magnetic endothelial patterning 

Delphine Fayol1, Florence Gazeau1, Julia Ino2, Didier Letourneur2, Claire Wilhelm1, 
Catherine Le Visage2, catherine.levisage@inserm.fr.  (1) Laboratoire Matiere et 
Systemes Complexes, UMR CNRS 7057, Paris, France  (2) Inserm, U698, 
Cardiovascular Bioengineering, Paris, France 

We describe a technological approach combining a tubular scaffold and magnetically 
labeled cells to create a pluricellular and organized vascular graft, the endothelialization 
of which could be monitored by MRI prior to transplantation. A homogeneous 
distribution of human mesenchymal stem cells was obtained by seeding the 
macroporous structure of freeze-dried polysaccharide-based tubular scaffolds. The 
efficient covering of the luminal surface of the tube was then made possible by 
implementation of a magnetic-based patterning technique. Human endothelial cells 
were magnetically labeled with iron oxide nanoparticles and successfully attracted to the 
lumen where they attached and formed a continuous endothelium. The combination of 
imaging modalities (fluorescence imaging, histology, and 3D MRI) evidenced the 
integrity of the vascular construct. In particular, the observation of different cell 
organisations in a vascular scaffold within the range of resolution of single cells by 4.7 T 
MRI is reported. 

COLL 137 

Functionalisation of Magnetic Nanoparticles for Biomedical Appliction 

Nguyen TK Thanh, ntk.thanh@ucl.ac.uk.Department of Physics and Astronomy, 
University College London, London, United Kingdom 

Functionalisation of MNPs plays an important role in delivering their true potential in 
biomedical applications. The coupling strategy will depend on both the coating of the 
MNP and the functional groups available on the targeting moiety. This talk will cover on 



the most common attachment methods, and some chemical routes during the synthesis 
of MNPs that render the nanoparticles with desired function for biomedical applications 

COLL 138 

Functional core@shell magnetic nanoparticles as biomedical probes 

Liqin Lin1,2, linliqin1984@gmail.com, Elizabeth Crew1, Lingyan Wang1, Shiyao Shan1, 
Qingbiao Li2, Chuan-Jian Zhong1.  (1) Department of Chemistry, State University of New 
York at Binghamton, Binghamton, New York 13902, United States  (2) Department of 
Chemical and Biochemical Engineering, Xiamen University, Xiamen, Fujian 361005, 
China 

The exploration of gold or silver coated magnetic nanoparticles (M@Au or M@Ag) as a 
core@shell type of nanoprobes combines the advantages of magnetic character of the 
core for bioseparation or targeting and the controllable surface chemistry of the gold or 
silver shell. This combination is important for achieving the specific biomedical function, 
but also the desired biocompatibility or antibacterial ability. In this presentation, recent 
results of our investigations of the synthesis, characterization and application of M@Au 
and M@Ag nanomaterials as biological nanoprobes will be discussed. Examples will 
focus on bioseparation of DNA- and protein-mediated assemblies and inactivation of 
bacteria. In addition to the magnetic separation function, the spectroscopic functional 
properties of the core-shell magnetic nanomaterials as surface enhanced Raman 
scattering (SERS) probes terms of the particle size, morphology, composition and 
surface chemistry will also be discussed. 

COLL 139 

Design, synthesis, and functionalization of large iron oxide nanoparticles 
optimized for magnetorelaxometry detection 

Dale L Huber1, Dale.Huber@sandia.gov, Erika C Vreeland1, Andrew D Price1, Todd C 
Monson1, Debbie M Lovato2, Richard S Larson2, Edward R Flynn3.  (1) Center for 
Integrated Nanotechnologies, Sandia National Laboratories, Albuquerque, NM 87185, 
United States  (2) Department of Pathology, University of New Mexico, Albuquerque, 
NM 87131, United States  (3) Senior Scientific LLC, Albuquerque, NM 87106, United 
States 

We report on the synthesis, functionalization and testing of approximately 25 nm iron 
oxide nanoparticles that have been optimized for biodetection by magnetorelaxometry. 
The nanoparticles are synthesized through a method where iron oleate is generated in 
situ, and is then thermally decomposed. The nanoparticles are functionalized with 
biocompatible polymers, including poly(N-vinylpyrrolidone) and poly(ethylene glycol), 
that provide excellent colloidal stability, followed by antibody conjugation. Colloidal 
stability of individual particles, without the slightest agglomeration is critical in this 
application and is crucial to the success of the methodology. The particles are 



thoroughly characterized by TEM, SAXS, AC and DC magnetometry, dynamic light 
scattering, and FTIR. Finally the performance of the particles in detection of breast 
cancer via magnetorelaxometry is tested both in vitro and in vivo. While this work is 
focused on one application, the design is flexible and the general approach is applicable 
to a variety of magnetic detection approaches. 

COLL 140 

Improved solubility and biocompatibility of peptide coated magnetic mesoporous 
silica nanoparticle theranostic agents 

Adem Yildirim1,2, ademy@bilkent.edu.tr, Melis Sardan1,2, Rukan Genc2, Murat Kilinc1,2, 
Selim Sulek1,2, Ayse B Tekinay1,2, Mehmet Bayindir1,2,3, Mustafa O Guler1,2.  (1) Institute 
of Materials Science and Nanotechnology, Bilkent University, Ankara, Turkey  (2) 
UNAM-National Nanotechnology Research Center, Bilkent University, Ankara, Turkey  
(3) Department of physics, Bilkent University, Ankara, Turkey 

Peptide coated magnetic mesoporous silica nanoparticles were synthesized for 
fluorescent and MR dual imaging in addition to drug delivery. First, magnetic iron oxide 
nanoparticles were encapsulated in mesoporous silica shell and Rhodamine B dye was 
conjugated to the silica shell. Particle diameter of core-shell structure was found to be 
around 45 nm based on TEM. However, hydrodynamic size of the particles is around 
200 nm and they precipitate in a few minutes. In order to improve their solubility, we 
coated the particles with lauryl-PPPPGE-OH, amphiphilic peptide non-covalently. 
Hydrodynamic size of the peptide coated particles is around 55 nm, and they are stable 
in water for several days without significant increase in the size. Furthermore, particles 
did not cause any significant cytotoxicity to MCF-7 breast cancer cell line up to 100 
µg/mL. We also studied cellular uptake, fluorescence and MR imaging capabilities of 
both peptide coated and bare nanoparticles. 

COLL 141 

Design of Multidentate Oligomeric Ligands to Enhance the Biocompatibility of 
Quantum Dots, Iron Oxide and Gold Nanoparticles 

Hyon Bin Na, hbna@chem.fsu.edu, Goutam Palui, Naiqian Zhan, Hedi 
Mattoussi.Department of Chemistry and Biochemistry, Florida State University, 
Tallahassee, FL 32309, United States 

We have developed a versatile surface-functionalization strategy based on ligand 
exchange that can be applied to an array of inorganic nanocrystals, including quantum 
dots (QDs), metal and metal oxide nanoparticles (NPs). The strategy is based on 
designing a set of multifunctional oligomers, consisting of a short backbone, on which 
were laterally grafted several poly(ethylene glycol) (PEG), or other hydrophilic moieties, 
and either thioctic acid (TA), dihydrolipoic acid (DHLA) or dopamine. Here the TA and 
DLHA groups allow strong anchoring onto AuNPs and QDs, while catechols exhibit a 



specific affinity to iron oxide NPs. We found that rapid ligand exchange of the 
hydrophobic cap takes place, resulting in aqueous dispersions of nanoparticles that 
exhibit remarkable colloidal stability over a broad range of conditions. Furthermore, by 
inserting controllable fractions of end-functionalized PEGs (such as PEG-COOH, PEG-
N3 and PEG-NH2) the NPs become reactive and easy to couple to a variety of target 
biomolecules. 

COLL 142 

Multiplexed labeling and signal amplification in diagnostic magnetic resonance 

Monty Liong, liong.monty@gmail.com, Hakho Lee, Ralph Weissleder.Center for 
Systems Biology, Massachusetts General Hospital, Harvard Medical School, Boston, 
MA 02114, United States 

Sensitive and quantitative measurements of clinically relevant biomarkers, pathogens 
and cells in biological samples would be invaluable for disease diagnosis and for 
evaluating therapeutic efficacy. Cell-based detection strategies using magnetic 
nanoprobes (MNPs) offer unique advantages over traditional fluorescence methods. 
Since biological samples have negligible magnetic background, MNPs can be used as 
labeling agents to obtain highly sensitive measurements in minimally processed 
samples. In this talk, I will describe a set of highly sensitive and multiplexable magnetic 
tagging method that amplifies the loading of MNPs onto targeted cells. The magnetic 
labeling method utilizes several bioorthogonal interactions: 1) oligonucleotide 
hybridization, 2) supramolecular chemistry, and 3) copper-free click chemistry. Not only 
did this method allow multiplexed analysis, but it was also capable of detecting multiple 
markers in a single sample containing only a small number of cells. 

COLL 143 

Magnetic core-shell virus-like nanoparticles as promising MRI contrast agents 
and agents for hyperthermia treatment 

Andrey G Malyutin1, Gregory J Gumina1, Eleonora V Shtykova2, Peter V Konarev3, 
Dmitri I Svergun3, Bogdan Dragnea1, Lyudmila M Bronstein1, lybronst@indiana.edu.  
(1) Department of Chemistry, Indiana University, Bloomington, IN 47405, United States  
(2) Institute of Crystallography, Russian Academy of Sciences, Moscow, Russian 
Federation  (3) EMBL, Hamburg Outstation,, Hamburg, Germany 

Virus-like nanoparticles (VNPs) with superparamagnetic iron oxide cores attract 
considerable attention as promising candidates for MRI imaging and hyperthermia 
treatment. In this talk we will describe synthesis of monodisperse iron oxide 
nanoparticles and their functionalization with PEG modified alternating copolymers. We 
demonstrated that these nanoparticles display excellent MRI response as a T2-weighted 
MRI contrast agent, surpassing commercially available MRI agents. The iron oxide 
cores are successfully enveloped by both Brome Mosaic virus and Hepatitis B virus 



proteins leading to monodisperse VNPs, the characteristics of which depend on the 
length and the amount of the PEG tails attached. Synchrotron small angle X-ray 
scattering and transmission electron microscopy allowed structural characterization of 
these VNPs. 

COLL 144 

Iron oxide based nanoparticles as selective MR contrast agents for the detection 
of atherosclerotic cholesterol crystals 

Mohammad H. El-Dakdouki1, eldakdouki@chemistry.msu.edu, Hongguang Li1, David 
C. Zhu2,4, George S. Abela3, Xuefei Huang1,2.  (1) Chemistry, Michigan State University, 
East Lansing, MI 48824, United States  (2) Biomedical Imaging Research Centre, 
Michigan State University, East Lansing, MI 48824, United States  (3) Department of 
Medicine, Division of Cardiology, Michigan State University, East Lansing, MI 48824, 
United States  (4) Departments of Radiology and Psychology, Michigan State 
University, East Lansing, Michigan 48824, United States 

Cardiovascular diseases are the leading cause of mortalities in the world. The fact that 
60% of the annual cardiac deaths reported in the USA resulted from sudden deaths with 
no previously diagnosed cardiac-associated pathology implies that the currently applied 
methods for the detection of atherosclerosis are not effective. Thus, there is an 
immense need for the development of new non-invasive diagnostic methods for the 
detection of vulnerable atherosclerotic plaques. It has been reported recently that 
atherosclerotic cholesterol crystals form at the onset of atherosclerosis, and contribute 
to the plaque instability by inducing inflammation and mechanically rupturing the fibrous 
cap, thus causing heart attacks and strokes. So far, no methods are available to image 
cholesterol crystals non-invasively in vivo. We developed β-cyclodextrin-coated 
superparamagnetic iron oxide nanoparticles (β-CD-SPION) for the selective binding and 
non-invasive detection of cholesterol crystals in atherosclerotic plaques using Magnetic 
Resonance Imaging (MRI). The ability of β-CD-SPION to selectively bind to cholesterol 
crystals was assessed by competitive enzyme-linked immunosorbent assay (ELISA), 
Prussian blue staining and confocal microscopy imaging where β-CD-SPION, not the 
bare SPION, displayed a selective, dose dependent, and high avidity binding profile to 
cholesterol crystals. The collective analysis of those experiments demonstrated the 
significance of molecular recognition between the β-CD and cholesterol crystals to 
achieve selective binding and detection by MRI. In an attempt to mimic in vivo 
conditions and test the selectivity of β-CD-SPION in a biological system, several ex vivo 
staining experiments were conducted, and the binding of the NPs with atherosclerotic 
rabbit aorta tissue was assessed. For example, unlike the bare SPIONs, β-CD-coated 
nanoparticles were found to bind extensively to the atherosclerotic lesions of the tissue 
as evidenced by Prussian blue staining and Transmission Electron Microscopy (TEM). 
To the best of our knowledge, this is the first time such a system became available for 
molecular imaging of cholesterol crystals. 

COLL 145 



Dendronized iron oxides as smart nano-objects for multimodal imaging 

Sylvie Begin1, sylvie.begin@ipcms.unistra.fr, Delphine Felder1, Benoit Pichon1, Claire 
Billotey2.  (1) Department of chemistry of inorganic materials, Institut de Physique et 
Chimie des Matériaux, Strasbourg, France  (2) Hôpital Edouard Herriot, Pavillon B, 
Lyon, France 

Superparamagnetic iron oxide nanoparticles (NPs) with appropriate surface coating are 
widely used for numerous in vivo applications and in particular for MRI contrast 
enhancement. Most studies are performed for improving the materials biocompatibility 
and targeting, but only a few investigations have been carried out improving the quality 
of the magnetic NPs, their size distribution and studying the effect of their 
functionalization on their structural and magnetic properties.The main bioactive 
molecules grafted at the surface of iron oxide NPs will be described as well as 
strategies for conjugation of molecules and their effect on parameters such as the 
colloidal stability, biodistribution... Then a concept combining a dendritic coating with 
phosphonate anchors will be presented. Water suspensions of dendronized iron oxide 
nanoparticles have been obtained after functionalization, by two types of dendron, of 
NPs synthesized either by coprecipitation or by thermal decomposition. The grafting 
strategies, the size distribution, the colloidal stability in isoosmolar media, the surface 
complex nature as well as the biodistribution and the contrast enhancement properties 
evaluated through in vitro and in vivo MRI experiments, have been compared as a 
function of the nature of both dendrons and NPs. 

COLL 146 

Semiconductor nanowires for energy applications 

Silvija Gradecak, gradecak@mit.edu.Department of Materials Science and 
Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, United 
States 

Semiconductor nanowires have emerged as promising materials for the development of 
photonic and electronic devices with enhanced performance. Simultaneous control over 
both composition and morphology (“nanowires on demand”) would further expand the 
realm of possible nanowire architectures, but achieving this goal so far has been 
challenging. I will discuss our recent results on the controlled growth and applications of 
III-V nanowires, as well as advanced electron microscopy techniques for direct 
correlation of structural and physical properties with high spatial resolution. We have 
developed a simple, yet powerful, approach to modulate both the diameter and 
composition of individual III-V nitride nanowires by adjusting in-situ the nanowire seed 
particle composition and volume. By elucidating the underlying mechanisms controlling 
structural evolution, we demonstrated the synthesis of axial and radial nanowire 
heterojunctions, compositionally tunable ternary nanowires, and their controlled doping. 
Finally, applications of semiconductor nanowires for LED and solar cell applications will 
be described. 



COLL 147 

Polymer brushes and lubrication: Beyond water 

Nicholas D. Spencer, nspencer@ethz.ch.Department of Materials, ETH Zurich, Zurich, 
Switzerland 

Polymer brushes have been extensively studied as lubricious, bioinspired surfaces, and 
the majority of investigations has involved aqueous systems. While the environmental 
advantages of water-based lubrication is clear, there are many situations where it is 
impractical, either for reasons of temperature or viscosity. We have investigated the use 
of viscosifying agents, such as glycerol, for improving access to hydrodynamic 
lubrication at lower velocities, as well as the use of oil-compatible, "grafting-from" 
brushes. In both cases, lubricating systems of practical interest have been obtained, but 
also a number of interesting fundamental aspects of brush lubrication have come to 
light. 

COLL 148 

Molecular Mechanisms of aqueous Boundary Lubrication by Mucinous 
Glycoproteins 

Stefan Zauscher, zauscher@duke.edu.Mechanical Engineering and Materials Science, 
Duke University, Durham, North Carolina 27708, United States 

In this talk I will focus on lubricin and surface zone protein, secreted, cytoprotective 
glycoproteins, encoded by the gene PRG4, that are essential to maintaining joint 
function and long-term integrity of synovial joints by providing boundary lubrication, 
preventing cartilage-cartilage adhesion, and mediating adsorption of cells and proteins. 
Specifically I will report on our results from nanotribo-mechanical measurements on 
model surfaces and cartilage, combined with other surface specific physicochemical 
measurements that shed light on the mechanisms by which Prg4 provides lubrication 
and wear protection in diarthroidal joints. These results suggest that the role of effective 
boundary lubricants in mediating friction in articular joints is largely one of wear 
protection of surface asperities, by maintaining the surfaces in a nonadhesive mode and 
causing shear dissipation in the biopolymeric boundary lubricant layer, even at the cost 
of attaining “high” coefficients of friction (COF ~ 0.15). Our results also contribute to the 
understanding of the conformation and physico-chemical function of mucinous 
glycoproteins on biological interfaces. 

COLL 149 

AFM-based tribology as a probe of biofilm cohesion 

Francois Ahimou2, Greg Haugstad1, haugs001@umn.edu, Paige Novak2, Michael 
Semmens2.  (1) College of Science/Engineering Characterization Facility, University of 



Minnesota, Minneapolis, Minnesota 55455, United States  (2) Department of Civil 
Engineering, University of Minnesota, Minneapolis, Minnesota 55455, United States 

Cohesion is a primary factor affecting the balance between growth and detachment of 
biofilms. Thus the quantification of cohesion is essential to understanding, predicting 
and modeling biofilm development, whether on medical implants or waste water 
treatment media. But cohesion is one of the most difficult material properties to 
measure. Fundamentally the quantity has units of energy per unit volume; but it is more 
commonly measured as yield force per unit area, using custom tools. In this work we 
developed an AFM methodology for reproducibly measuring, in situ, the cohesive 
energy density of moist biofilms. 

Thick biofilms were grown from activated sludge. The thin volume of biofilm displaced 
by abrasive raster scanning, and the frictional energy dissipation necessary to produce 
this abrasion, provided a measurement of cohesive energy density. This quantity 
reproducibly increases with calcium and polysaccharide concentration, as well as 
biofilm depth (from different macro-slices, as grown on aerated membranes). 

COLL 150 

Lipid lubrication in a sliding contact 

Maria Parkes, mp704@imperial.ac.uk, Janet Wong.Department of Mechanical 
Engineering, Imperial College London, London, United Kingdom 

Lipids have long been credited as boundary lubricants within the body, everywhere from 
the lungs to the hip joint. However, there is limited direct observation of this lipid 
lubrication at work or of the formation of any protective boundary layer in a moving 
contact. 

To observe if lipid vesicles will form and maintain a protective layer in a contact, 
fluorescence imaging of lipid vesicles has been conducted in a sliding contact. This is 
complemented with measurements of film thickness with continued sliding, using 
interferometry. To test how the structure of the lipids might affect the build-up of a 
boundary layer, both multilamellar and unilamellar vesicles have been used. 

For all solutions, a build-up of lipid is observed in and around the contact with time. 
Results show that the unilamellar vesicles provide more wear protection than 
multilamellar vesicles. Reasons for this, such as vesicle size and resistance to shear 
are discussed. 

COLL 151 

Synthesis, characterization and tribological implications of surface-tethered 
hydrogel thin films in aqueous methanol mixtures 



Ang Li, ang.li@mat.ethz.ch.Department of Materials, ETH Zurich, Zurich, Zurich 8093, 
Switzerland 

Thin films of poly(acrylamide) (PAAm) brushes and hydrogels with various crosslinking 
degrees were fabricated from iniferter-functionalized silicon substrates by UVLED-
initiated photopolymerization and their properties were further studied by means of a 
variety of analytical methods. In the case of surface-grafted PAAm hydrogels, both bulk 
and interfacial properties were found to be strongly influenced by the crosslinking 
degree of grafted polymer chains. In agreement with theoretical expectations, the 
decrease of polymer chains mobility upon increasing crosslinking degree resulted in a 
substantial increase of films' wettability. The swelling ratio of polymer hydrogels in 
water, as measured by ellipsometry and atomic force microscopy, was directly related to 
the amount of crosslinker in the monomer feed, indicating the formation of grafted 
networks. Young's modulus and friction coefficient of PAAm hydrogels in water were 
higher than those of the grafted polymer brushes analogue and could be tuned by 
varying the crosslinking degree. 

The nanotribological properties of surface tethered PAAm films with various crosslinking 
degrees were also investigated in aqueous methanol mixtures by using colloidal probe 
atomic force microscopy. Swelling behaviors of these chemically identical films were 
tuned by means of varying crosslinking degree and composition of the mixture of water 
(good solvent for PAAm) and methanol (bad solvent for PAAm), i.e. the solvent quality. 
Crosslinking degree and solvent quality-dependent adhesive features of PAAm films 
were unveiled by examining their pull-off forces. Furthermore, a series of parameters 
influencing adhesive properties of films with brush structures at the glass transition – 
contact area, testing speed and solvent quality – were investigated. By exploring the 
frictional properties of PAAm films at nanoscale, PAAm films appeared complex 
tribological behaviors due to the interplay between crosslinking degree, solvent quality 
and adhesion force. These fundamental insights are of great practical importance for 
the design of polymer coating with tunable lubricating/adhesion characteristics for 
applications in aqueous lubrication and stabilization of colloidal particles, amongst 
others. 

COLL 152 

Biotribology of Medical Devices: Tissue/Device Interface (TDI) 

Dae-Eun Kim, kimde@yonsei.ac.kr.Department of Mechanical Engineering, Yonsei 
University, Seoul, Republic of Korea 

Medical technology is steadily progressing towards increasing the efficiency of 
diagnosis and treatment of illness while decreasing the discomfort of the patient. To this 
end, minimally invasive procedures that employ robotic or remotely controlled medical 
devices are becoming more widespread. One important technology that is required to 
optimize the performance of such devices is biotribology. The tribological interaction 
between the parts of the medical device and the internal tissue of human body is vital in 



dictating the operation of the device. Understanding the tribological interactions at the 
tissue/device interface (TDI) is a great challenge considering the complexity of tissues 
that have properties unlike any other tribological components found in engineering 
systems. In this presentation, tribological issues related to TDI of medical devices such 
as the capsule-type endoscope and invasive micro-robots will be discussed. Also, the 
importance of this relatively new field of tribology in future medical technology is 
addressed. 

COLL 153 

Relating cartilage structure to lubrication and the onset of progressive 
degeneration 

David L Burris, dlburris@udel.edu, Liyun Wang, Xin Lu, Edward D Bonnevie, Vincent J 
Baro.Mechanical Engineering, University of Delaware, Newark, DE 19716, United 
States 

Healthy cartilage provides extremely low friction coefficients and nearly wear-free sliding 
over decades of continuous use. Although the mechanisms of load support and 
lubrication remain current topics of debate, it has been established that the unique 
biphasic structure of the material is a prerequisite for both. In this paper, we discuss the 
important relationships between tissue structure/composition, mechanics, and 
lubrication, especially as they pertain to osteoarthritis (OA). We have developed and 
tested a contact mechanics model for predicting the tribo-mechanical response of tissue 
with known material properties and extracting material properties from the measured 
tribo-mechanical response. We will report on the properties of healthy and degraded 
tissues and discuss the functional consequences of chemical and mechanical 
degradation. Finally, we place the results within the context of OA research. 

COLL 154 

Ion-selective imaging by frictional force microscopy based on ion recognition of 
ionophores attached to probe tips 

Shinpei Kado, kado@center.wakayama-u.ac.jp, Yoshio Nakahara, Keiichi 
Kimura.Department of Applied Chemistry, Wakayama University, Wakayama, 
Wakayama 640-8510, Japan 

We have successfully attained an ion-recognition imaging with high resolution by atomic 
force microscopy (AFM) using probe tips modified chemically with artificial ionophores. 
The ionophore-modified probe tips can be used to obtain chemical images of guest ions 
on a substrate at the sub-micrometer scale by using frictional force microscopy. The 
contrasts of the frictional force images can be attributed to the ion recognition by the 
ionophore attached onto the probe tip. The contrasts for the frictional force signal were 
caused by the difference in the binding affinity of the ionophore for guest ions. Our 
findings clearly indicate that AFM probe tips functionalized with the ionohores 



recognizing specific guest ions can afford ion-selective detection for surface trace ions 
based on frictional force imaging. 

COLL 155 

Motion of nano-objects on sticky surfaces 

Svetlana Santer, santer@uni-potsdam.de.Department of experimental physics, 
Institute of Physics and Astronomy, Potsdam, Germany 

<tt>The impact of forces acting on particles with nano-scale dimensions receives a 
considerable re-weighting compared to the macroscopic word. Gravity, for instance, 
loses all of its importance and likewise inertia. Instead, for instance for nano-objects 
dispersed in liquid, thermal motion and viscous friction dominate leading to Brownian 
motion. The interaction between nano-particles as well as those between nano-particles 
and surfaces are governed by short range Van der Waals- and long range electrostatic 
interactions. At interfaces, adhesions forces dominate, and manipulation of nano objects 
by external action becomes nearly impossible. The only exception appears to be direct 
mechanical pushing by AFM. This procedure, although very precise, is slow and has 
low throughput. In fact, most of the effort in applying this method consists of fighting 
against the strong adhesion forces. </tt> 

COLL 156 

Soft macromolecule and biomacromolecule functionalized nanoparticles for 
tailored self-assembly 

Mathew M. Maye, mmmaye@syr.edu.Department of Chemistry, Syracuse University, 
Syracuse, New York 13244, United States 

The self-assembly of fine-particles, such as nanoscale metal nanoparticles or 
semiconductive quantum dots relies on tailoring the interface with stimuli responsive 
coatings, or recognition based elements. In this presentation, we will discuss our recent 
advances in tailoring the surface chemistry of semiconductive quantum dots with 
biomacromolecules (i.e., oligonucleotides, proteins). Once functionalized, these qdots 
can be reversibly assembled and disassembled into multi-color clusters, or aggregates, 
depending on design. In addition, we have incorporated into the soft-interface a 
thermosensitive co-polymer. The resulting oligonucleotide/co-polymer interface results 
in smart particles which only assemble above the polymers transition temperature. 
Structural insights into the morphology of the assembly are provided by FRET analysis, 
DLS, and TEM. 

COLL 157 

Directed assembly of nanoparticles: A scalable route to functional nanomaterials 



Eric M. Furst, furst@udel.edu.Department of Chemical and Biomolecular Engineering, 
University of Delaware, Newark, DE 19716, United States 

The combination of external field directed assembly of colloidal suspensions with 
advances in nanoparticle synthesis creates a powerful means for engineering and 
tailoring materials with unique mechanical, optical and electronic properties. With a 
rapidly expanding library of nanoparticles available with different shapes, chemistries, 
and properties (catalytic, photonic, et cetera), we have the opportunity to direct the 
assembly of functional nanomaterials from these building blocks. Indeed, the 
spontaneous, bottom-up process of self-assembly is likely to become a key approach in 
manufacturing new functional nanomaterials and nanodevices. In this talk, I will discuss 
the field-directed assembly of anisotropic nanoparticles to create photonic and phononic 
materials. Directed assembly of latex dumbbell particles yields photonic crystals with 
rich structural color, while ellipsoidal titania nanoparticles are used to fabricate thin films 
and coatings with tunable ultra-low thermal conductivities. This latter method in 
particular shows promise for applications in thermoelectric devices and advanced 
thermal coatings. 

COLL 158 

Encoding interactions with DNA for nanoparticle assembly 

Dmytro Nykypanchuk, dnykypan@bnl.gov, Oleg Gang.Center for Functional 
Nanomaterials, Brookhaven National Laboratory, Upton, NY 11973, United States 

Encoding interactions between nanoparticles using DNA opens ways to create new 
classes of materials in which particles arrangement in superlattices is defined only by 
particle geometry and interactions between DNA shells. The phase behavior in these 
systems quite often can be rationalized using the interaction energy maximization 
argument for DNA induced specific interactions. However, a polymeric nature of DNA 
connections can bring about an unexpected phase behavior with structures typically not 
observed for non-directional interactions. In addition, DNA sensitivity to various specific 
and non-specific stimuli provides for precise lattice tunability within a given phase. We 
will provide several examples of phase change in systems of DNA interacting 
nanoparticles, where unusual, low dimensional structures form due to collective 
behavior of DNA chains. 

COLL 159 

Chemical and structural transformations in nanomaterials synthesis 

Hua Chun Zeng, chezhc@nus.edu.sg.Chemical and Biomolecular Eng, National 
University of Singapore, 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. 

COLL 160 

Micellar assemblies from amphiphilic polyurethanes for size-controlled synthesis 
of silver nanoparticles dispersible both in polar and nonpolar media 

Andriy Voronov, andriy.voronov@ndsu.edu.Department of Coatings and Polymeric 
Materials, North Dakota State University, Fargo, North Dakota 58108, United States 

A size-controlled synthesis of silver nanoparticles dispersible in polar and nonpolar 
media was carried out in micellar assemblies from amphiphilic invertible polyurethanes 
(AIPUs) based on poly(ethylene glycol) as a hydrophilic constituent and 
polytetrahydrofuran as a hydrophobic constituent. As concentration increases, individual 
AIPU micelles self-assemble into micellar assemblies with hydrophilic interior and 
hydrophobic exterior domains. These domains can be applied simultaneously as 
nanoreactors and colloidal stabilizers to synthesize size-controlled batches of 
nanoparticles in a nonpolar solvent. Size control and narrow particle size distribution 
can be facilitated by changes in the AIPU composition, macromolecular configuration, 
and polymer solution concentration. Depending on the length of polymer hydrophilic and 
hydrophobic fragments, and fragment distribution along the macromolecule, the size of 
fabricated nanoparticles has been changed from 6 to 14 nm. Due to the invertible 
properties of polyurethanes, the nanoparticles can be successfully dispersed in polar or 
nonpolar media, where they form stable colloidal solutions. 

COLL 161 

Nano-scale roughness of colloidal particles and its effect on particle-stabilized 
emulsions 

Adriana San Miguel, Sven H Behrens, sbehrens@gatech.edu.School of Chemical & 
Biomolecular Engineering, Georgia Institute of Technology, Atlanta, Georgia 30332-
0100, United States 

It has long been recognized that roughness on the nanometer scale can dramatically 
alter the wetting properties of solid surfaces. So far, scientific and engineering efforts 
have focused on the wetting of macroscopic surfaces, yet surface roughness also 



modulates the wettability of colloidal particles. The latter is vital for particle assembly in 
fluid-fluid interfaces, a crucial step in the formation of particle-stabilized emulsions and 
foams, which have many industrial applications. We demonstrate that variations in the 
particle roughness alone can determine whether particles stabilize water-in-oil or oil-in-
water emulsions, and precisely how stable such emulsions will be. First, we introduce a 
method to produce surface coatings with different roughness but identical surface 
chemistry that can be applied to both macroscopic substrates and micron-sized 
particles. Then we characterize the morphology of these surface coatings and correlate 
it with their wetting properties and with the emulsification properties of coated 
microparticles. 

COLL 162 

Nanoparticles at interfaces: double emulsions, merged droplets, and robust 
complex structures. 

Todd Emrick, tsemrick@mail.pse.umass.edu, Irem Kosif, caroline miesch.Polymer 
Science and Engineering, University of Massachusetts Amherst, Amherst, MA 01003, 
United States 

While numerous examples of nanoparticle-stabilized emulsion droplets have been 
reported, nanoparticle-stabilized double emulsions are much less common. This 
presentation will describe the preparation of double emulsion droplets, both oil-in-water-
in-oil (o/w/o) and water-in-oil-in-water (w/o/w), stabilized by nanoparticles at the 
respective interfaces. This was done in a simple fashion by shaking by hand, and in a 
well-defined fashion by microcapillary flow focusing. These double emulsion droplets 
proved stable in the absence of traditional polymer surfactants, with tetra(ethylene 
glycol) (TEG)-functionalized gold nanoparticles stabilizing oil-in-water (o/w) droplets, 
and CdSe quantum dots with their native alkyl (i.e., phosphine oxide and phosphonic 
acid) ligands stabilizing water-in-oil (w/o) droplets. Double emulsion droplets obtained 
utilizing microcapillary techniques were found to merge upon drying rather than 
coalesce, giving well-ordered honeycomb-like structures. Additional topics in the 
presentation will examine the formation of robust patterns in which chemically-
functionalized nanoparticles are critically important. 

COLL 163 

Field-directed self-assembly of locking nanoparticles 

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

Directed self-assembly of colloids in external fields is an efficient scalable approach for 
the generation of one-dimensional (1D) and more complex anisotropic nanostructures in 
suspensions. This approach has several limitations related to control over the length of 
formed particle chains and dynamic nature of the particle assemblies that tend to 



rearrange in changing external fields and disintegrate when the field is removed. This 
work established a locking mechanism to control the generation of anisotropic 
nanostructures in liquid matrices by balancing Brownian motion, short-range attractive, 
and long-range repulsive forces, due to the specially tailored polymer brush shell of 
nanoparticles, as well as the forces acting on the particles in an external magnetic field. 
The reversible locking mechanism is used to precisely regulate dimensions of self-
assembled magnetic nanoparticle chains and to generate 3D nanostructured materials 
in solvents and polymers. 

COLL 164 

Modeling, monitoring and suppression of mineral scaling of reverse osmosis 
membranes 

Yoram Cohen, yoram@ucla.edu, Kari Varin, John Thompson.Chemical and 
Biomolecular Engineering Department, University of California, Los Angeles, Los 
Angeles, California 90095, United States 

Mineral scaling of reverse osmosis (RO) membranes is a major impediment to 
achieving high recovery desalination of brackish water. Accordingly, a method was 
developed for direct observation of mineral scale development on membrane surfaces, 
in an optically transparent high pressure plate-and-frame RO cell, along with CFD 
mapping of the hydrodynamics and concentration fields, which enabled quantification 
and modeling of scale development and suppression, as a function of the local level of 
solution supersaturation. Real-time monitoring of the onset and scale development was 
then successfully demonstrated for optimization of antiscalant dosing and control of RO 
plant operation to ensure safe operation below the mineral scaling threshold. Given that 
surface structure was shown to affect nucleation rate, a novel surface nano-structured 
membrane was developed for which surface nucleation was significantly reduced (for a 
given level of solution supersaturation) relative to commercial membranes of the same 
level of salt rejection and water permeability. 

COLL 165 

Review of the state of the art of anti-scalant selection 

Hilla Shemer, shilla@tx.technion.ac.il, David Hasson, Raphael Semiat.Chemical Eng., 
Technion, Haifa, Israel 

Scale deposition is a difficulty encountered with water containing ions of sparingly 
soluble salts. A widely used technique for controlling scale deposition is by dosage of an 
anti-scalant (AS). The difficulty in choosing an AS for a particular application is that the 
fundamentals of inhibition mechanisms are inadequately understood. Considerable 
theoretical guidance is available on the nucleation, precipitation and adherence 
phenomena involved in scale formation. However basic information on the nature, 
amount and type of interaction induced by anti-scalants on scaling processes is scant. 



Against this background of dearth of guiding theory, practical needs have prompted 
development of a large variety of empirical techniques to assist selection of suitable 
anti-scalants for specific situations. The present paper will presents a critical review of 
available techniques for evaluating the performance of anti-sacalants and will outlines 
research directions for enhancing rational selection of anti-scalants. 

COLL 166 

Biopolymers as caclium fluoride prcipitation inhibitors for aqueous systems 

Zahid Amjad, zamjad@walsh.edu.Division of Mathematics and Sciences, Walsh 
Univeristy, North Canton, Ohio 44720, United States 

Calcium fluoride precipitation is important in many industrial fields such as electronics, 
laser and glass manufacture, and spectroscopy. The crystallization and dissolution 
reactions involving calcium fluoride are of concern in waste water treatment since 
fluoride is introduced into environment as a natural impurity in ores used to produce 
phosphoric acid. In oral care application, calcium fluoride plays an important role in the 
topical application of fluoride solution to tooth enamel. Such treatment results in the 
partial transformation of hydroxyapatite to fluorapatite on the enamel surface resulting in 
a much caries resistant phase. 

In the present study biopolymers such as carboxymethyl inulin of varying degree of 
carboxylation and lignosulfonates have been tested as calcium fluoride inhibitors. 
Additionally, effect of biopolymers on calcium fluoride crystal morphology will be 
presented. 

COLL 167 

Good scale-bad scale: How can metal phosphonates can contribute to corrosion 
inhibition 

Konstantinos D. Demadis, demadis@chemistry.uoc.gr, Maria Papadaki, Eleni 
Barouda.Department of Chemistry, University of Crete, Heraklion, Crete GR-71003, 
Greece 

This presentation deals with the use of composite hybrid materials (specifically metal 
phosphonates) in anti-corrosion approaches. Our primary goal is the full 
characterization of the true nature of the metal phosphonate anti-corrosion protective 
film. Herein, we describe the preparation, and structural characterization of a number of 
new divalent metal tetraphosphonates, M-HDTMP, (M = Zn2+, Mg2+, Ca2+, Sr2+, Ba2+; 
HDTMP = hexamethylenediamine-tetrakis(methylenephosphonate)). Formation and 
characterization of effective anti-corrosion passive films of M-HDTMP, (M = Zn2+, Sr2+, 
Ba2+) is reported. At “harsh” pH regions (~ 2.2) and in the presence of M2+ and HDTMP 
no protection occurs because of metal dissolution. When generated in situ at 
circumneutral pH, the Metal-HDTMP hybrids act as corrosion inhibitors by creating 



protective films on steel surfaces. The metal specimens (at pH 7.0) and film material 
were subjected to studies by VSI, SEM, FT-IR, XRF, EDS and XPS in order to 
characterize the protective coating. At pH 7.0 the inhibiting film contains M2+ (externally 
added) and P (from HDTMP), in an ~ 1:2 ratio, suggesting a M:HDTMP ratio of 2:1. 

COLL 168 

Scale formation in sugarcane juice heat exchangers 

Christopher P East1, Christopher M Fellow2, William O.S. Doherty3, 
w.doherty@qut.edu.au.  (1) Centre for Tropical Crops and Biocommodities, Queensland 
University of Technology, Brisbane, Queensland 4001, Australia  (2) Department of 
Chemistry, The University of New England, Armidale, NSW 2351, Australia  (3) Centre 
for tropical Crops and Biocommodities, Queenaland University of Technology, Brisbane, 
Queensland 4001, Australia 

Fouling of heat exchangers is a complicated process that results in the formation of 
heterogeneous deposits. Bulk and surface analysis, and analysis of cross sections of 
scale deposits obtained from fouled stainless steel tubes of sugar juice heat exchangers 
have been carried out by X-ray powder diffraction and scanning electron techniques 
(including energy dispersive spectroscopy and backscattering electron imaging). To 
complement this, the composition of juice was also determined. The probable 
mechanisms of formation of calcium oxalate dihydrate, hydroxyapatite, calcium sulfate 
dihydrate and amorphous silica in sugarcane juice heat exchanger tubes have been 
discussed. In addition, the mechanisms that led to the variation in the composition of the 
deposit across the height of the tube, differences between the composition of the scale 
on the tube wall and the juice side, and crystal size distribution from the bottom to the 
top of the tube have been discussed. 

COLL 169 

Struvite scale formation: Prevention and phosphorus recovery 

Ioannis Mpountas1,2, Theano Mavrikou1,2, Petros G Koutsoukos1,2, 
pgk@chemeng.upatras.gr.  (1) Department of Chemical Engineering, University of 
Patras, PATRAS, Western Greece 26500, Greece  (2) Institute of Chemical Engineering 
Sciences (FORTH-ICEHT), PATRAS, Achaia 26331, Greece 

Magnesium ammonium phosphate hexahydrate (MgNH4PO4×6H2O, MAP ) has been 
encountered in scale deposits in municipal and/or industrial wastewater treatment 
plants. A solution of the problem could possibly be the recovery of phosphorus in a pre-
treatment stage. The kinetics of struvite formation was investigated both in the absence 
and in the presence of imputities including silicate, arsenate ions and heavy metals (Cd, 
Ni, Cu,Pb). The experiments were done in batch reactors at conditions of constant 
supersaturation and in fluidized bed reactors filled with quartz particles. The rates of 
crystal growth measured over a wide pH range (6.5-9) showed strong dependence on 



the solution pH. Quartz was shown to be a suitable substrate for the selective 
deposition of struvite. The residence time affected the size and the quantity of crystals 
formed, while the impurities tested were found to adsorb onto struvite with the exceprion 
of arsenate ions 

COLL 170 

Seeded crystallization of sodium tungstate crystals from sodium tungstate-
sodium hydroxide solutions 

Raj P Singh Gaur, raj.singh@globaltungsten.com, Thomas A Wolfe, Scott A 
Braymiller.Chemicals & Powders R&D, Global Tungsten & Powders, Towanda, PA 
18848, United States 

This paper pertains to the evaporation crystallization of sodium tungstate crystals from 
tungsten containing alkaline solutions. Crystallization experiments were performed in a 
1L glass reactor by about 80% evaporation of sodium tungstate-sodium hydroxide 
solutions from their original volume. All experiments were performed in the presence of 
magnesium hydroxide or calcium hydroxide seeds with the aim to obtain large-size 
sodium tungstate crystals. Sodium tungstate crystals after crystallization were 
separated from mother liquor by filtration and were dried at 110 °C. Characterization of 
sodium tungstate crystals was carried out by scanning electron microscopy, particles 
size distribution and chemical analysis after dissolving the crystals in water. The work 
was performed using a “design-of-experiment” approach. The effect of three parameters 
i.e. seeding compound type, seed amount and volume of sodium tungstate-sodium 
hydroxide solutions where seeds were introduced was studied on the size of sodium 
tungstate crystals. Data was processed using the software Design-Expert version 8.0.1. 

COLL 171 

Influence of polyelectrolyte architecture on the stabilization of copper (II) ions in 
aqueous systems 

Danielle Morgan, daniellemorgan@walsh.edu, Zahid Amjad.Division of Mathematics 
and Sciences, Walsh Univeristy, North Canton, Ohio 44720, United States 

The use of copper salts to kill algae in water systems such as swimming pools and spas 
has been known for decades. In industrial water systems copper (II) ions may also be 
produced due to ineffective corrosion control of copper-based heat exchangers. 
Unfortunately, Cu(II) ions can easily precipitate in alkaline or near alkaline environment 
as well as in oxidizing conditions. Under these conditions, Cu(II) ions precipitate as the 
insoluble oxide/hydroxide, and/or carbonate salts. These insoluble salts can precipitate 
and deposit directly onto equipment surfaces. Additionally, Cu(II) ions precipitates 
reduce or eliminate the biocidal activity of Cu(II) ions in aqueous systems such as 
swimming pools and spas. 



In this paper the Cu(II) stabilization by a variety of polyelectrolytes has been 
investigated. The polyelectrolytes tested include both environmentally friendly 
biopolymers and acrylic acid based homo- and copolymers. Comparative performance 
data on these polymers and their effect on Cu(OH)2 particle size will be presented. 

COLL 172 

Characterization of surface immobilized proteins 

David G Castner, castner@uw.edu.Departments of Bioengineering & Chemical 
Engineering, University of Washington, Seattle, WA 98195-1750, United States 

Surface analysis techniques such as time-of-flight secondary ion mass spectrometry 
(ToF-SIMS), sum frequency generation (SFG) vibrational spectroscopy and near-edge 
x-ray absorption fine structure (NEXAFS) can provide detailed information about the 
structure of surface immobilized proteins, especially when coupled with protein 
engineering to prepare a systematic series of mutant and isotoptically labelled proteins. 
We have studied the orientation of various Protein G B1 variants. Two variants with a 
single cysteine introduced at either end were immobilized via the cysteine thiol onto 
maleimide oligo(ethylene glycol) (MEG) self-assembled monolayers (SAMs). In another 
study, the orientation of a charged mutant was investigated on amine (positively 
charged) and carboxylic acid (negatively charged) SAMs. Most recently a combination 
of NEXAFS and SFG have been used to determine the orientation of the phenylalanine 
sidechains in statherin bound to hydroxyapatite surfaces. 

COLL 173 

Studying the interactions of peptides, proteins, and ions on supported lipid 
bilayers 

Paul Cremer, cremer@mail.chem.tamu.edu, Matthew Poyton, Xiao Cong, Hudson 
Pace, Da Hwang, Chunming Liu, Aaron Robison, Christopher Monson.Department of 
Chemistry, Texas A&M University, College Station, TX 77843, United States 

Planar oxide supports can be elaborated with two-dimensionally fluid phospholipid 
bilayers for understanding the mechanistic biochemistry of model cell membranes as 
well as the design of biosensor devices. We have employed these architectures inside 
lab-on-a-chip platforms to study the interactions of proteins, peptides, and ions. The 
results reveal that the equilibrium dissociation constants of interaction can be tuned 
over a wide range of values that depend strongly on the concentration and specific 
chemistry of negatively charged lipids. Results will be presented from sum frequency 
generation, fluorescence microscopy, fluorescence quenching, and electrophoretic 
mobility measurements. 

COLL 174 



Oligonucleotide-functionalized fused silica surfaces studied by vibrational sum 
frequency and second harmonic generation 

Franz M. Geiger, geigerf@chem.northwestern.edu.Department of Chemistry, 
Northwestern University, Evanston, IL 60208, United States 

The interaction of surface-bound oligonucleotide capture strands with targets is studied 
directly and under aqueous flow conditions using the nonlinear optical methods 
vibrational sum frequency and second harmonic generation (SFG and SFG). The 
connections between changes in molecular structure and extent of interaction are 
discussed in the context of oligonucleotide-metal ions (Mg, Ca, Sr, Ba, Cd, Zn) 
interactions and oligonucleotide sequence. 

COLL 175 

Characterization of protein secondary structures at interfaces using chiral sum 
frequency generation spectroscopy 

Elsa C. Y. Yan, elsa.yan@yale.edu, Li Fu, Dequan Xiao, Victor Batista.Department of 
Chemistry, Yale University, New Haven, CT 06520, United States 

Characterization of protein secondary structures at interfaces in situ and in real time is 
important to understand biotic-abiotic interactions and develop biometerials and 
biosensors. However, such characterization remains challenging because it requires 
techniques that are both selective to interfaces and secondary structures. Here, we 
demonstrate that chiral sum frequency generation spectroscopy (cSFG) can provide 
peptide amide I and N-H stretch vibrational signals that are free of water background 
and characteristic to parallel beta-sheet, anti-parallel beta-sheet, alpha-helix, 3-10 helix 
and random coil. This enables cSFG to indentify protein secondary structures at 
interfaces. Using cSFG, we observed misfolding of an amyloid protein from disordered 
structures to alpha-helices and then converting to beta-sheets upon interactions with 
lipid molecules at the air/water interface in situ and in real time. Our results reveal that 
cSFG can be used to characterize secondary structures at interfaces to address 
fundamental and engineering problems related to biotic-abiotic interfaces. 

COLL 176 

Molecular-level insights into ionic effects on the interaction between peptides and 
modeling cell membrane 

Shuji Ye, shujiye@ustc.edu.cn, Feng Wei, Hongchun Li, Sulan Ma.Hefei National 
Laboratory for Physical Sciences at Microscale, University of Science and Technology 
of China, Hefei, Anhui 230026, China 

Molecular interactions between peptides and cell membrane govern biological functions 
of these peptides. Since a large variety of ions is usually present in biological systems, 



knowledge about such interactions in aqueous environments is crucial to recognize the 
nature of driving force and weak molecular interaction behind such interactions. In this 
talk, sum frequency generation vibrational spectroscopy (SFG-VS) has been applied to 
characterize the ionic effects on the interaction between peptides(mastoparan and 
melittin) and modeling cell membrane. It was found that Kosmotropic ions (such as 
H2PO4

−, SO4
2-) can greatly increase the number of the peptide molecules that inserted 

into the fluid-phase lipid bilayer while chaotropic ions (such as Cl- and I-) show opposite 
role. The ions of H2PO4

− and SO4
2- can even promote the mastoparan molecules insert 

into positively-charged fluid-phase lipid bilayer. However, in the gel-phase lipid bilayer, 
Kosmotropic and chaotropic ions both decrease the number of the membrane-
associated peptide molecules. 

COLL 177 

Spectroscopic and modeling studies of proteins and peptides at solid 
hydrophobic surfaces 

Tsuki L Naka, Sandra Roy, Paul A Covert, Kailash C Jena, Dennis K Hore, 
dkhore@uvic.ca.Department of Chemistry, University of Victoria, Victoria, BC V8W 3V6, 
Canada 

The change in secondary and tertiary structure that occurs when proteins encounter 
hydrophobic surfaces is often irrevsible, and therefore responsible for the denaturation 
of the biomolecules. Details of this process rely on understanding the specific 
interactions that occur between the protein functional groups, the surface, interfacial 
solvent molecules, and ions in solution. A greater understanding of these events will 
contribute to a molecular view of biocompatibility. This talk will present examples of a 
combined nonlinear vibrational spectroscopy and modeling approach to resolve the 
surface-induced structures of proteins and peptides. 

COLL 178 

Molecular structures of peptides and proteins chemically immobilized on 
surfaces 

Zhan Chen, zhanc@umich.edu.Chemistry, University of Michigan, Ann Arbor, Michigan 
48109, United States 

The performance of a biosensor using immobilized peptides or proteins as biological 
recognition elements depends on the conformation and orientation of such peptides and 
proteins. We successfully applied sum frequency generation (SFG) vibrational 
spectroscopy, supplemented by attenuated total reflectance (ATR)-Fourier transform 
infrared spectroscopy to determine conformations and orientations of various peptides 
and proteins immobilized on surfaces. Various surfaces such as self-assembled 
monolayers and polymers have been used in the study. Peptides immobilized via 
different positions, e.g., N-terminal amino acid, C-terminal amino acid, as well as amino 



acids in the middle, have been investigated. Conformations and orientations of 
immobilized peptides and proteins were successfully deduced in dry air, in water, and in 
humid air with different humidity levels. Such orientations and conformations were well 
correlated to the functions of these immobilized peptides and proteins. 

COLL 179 

Charge separation and relaxation at organic molecular interfaces 

G. J. Dutton, S. W. Robey, steven.robey@nist.gov.NIST, Gaithersburg, Maryland 
20899, United States 

Organic photovoltaics depend critically on charge transfer and relaxation processes 
occurring at donor-acceptor interfaces. We have investigated these processes at 
phthalocyanine(Pc)-C60 interfaces using time-resolved two-photon photoemission. Pc 
singlet (S1) excitons are excited with a sub-ps pump pulse and the population dynamics 
are probed via photoemission using a time delayed UV probe pulse. Using this 
technique we can follow relaxation and charge separation as a function of energy and 
distance from the interface. The initial S1 population formed at the CuPc-C60 interface 
undergoes charge separation with a rate of about 8 x 1012 sec-1. S1 excitons created 
further from the interface undergo ultrafast vibrational relaxation and intersystem 
crossing (ISC) to triplet levels, leading to lower energy excitons with significantly 
reduced charge transfer rates. We compare results for H2Pc-C60 interfaces where ISC is 
negligible and make connections to semiclasscal treatments of charge transfer. 

COLL 180 

Observation of multiple vibrational modes in ultrahigh vacuum tip-enhanced 
Raman spectroscopy combined with molecular-resolution scanning tunneling 
microscopy 

Nan Jiang1, n-jiang@northwestern.edu, Eddie Foley1,2, Jordan Klingsporn1, Matthew 
Sonntag1, Nicholas Valley1, Jon Dieringer1, Tamar Seideman1, George Schatz1, Mark 
Hersam1,2, Richard Van Duyne1.  (1) Department of Chemistry, Northwestern University, 
Evanston, IL - Illinois 60202-2329, United States  (2) Department of Materials Science 
and Engineering, Northwestern University, Evanston, IL - Illinois 60202-2329, United 
States 

Multiple vibrational modes have been observed for copper phthalocyanine adlayers on 
Ag(111) using ultrahigh vacuum (UHV) tip-enhanced Raman spectroscopy (TERS). 
Several new experimental features are introduced that significantly advance the state-
of-the-art in UHV-TERS: (1) concurrent sub-nm molecular resolution STM imaging using 
Ag tips with laser illumination of the tip−sample junction, (2) laser focusing andRaman 
collection optics that are external to the UHV-STM that has two cryoshrouds for future 
low temperature experiments, (3) all sample preparation steps are carried out in UHV to 
minimize contamination and maximize spatial resolution. Using this apparatus we have 



been able to demonstrate a TERS enhancement factor of 7.1×105. Further, density-
functional theory calculations have been carried out that allow quantitative identification 
of eight different vibrational modes in the TER spectra. This work allows the interactions 
between large polyatomic molecular adsorbates and specific binding sites on solid 
surfaces to be probed with unprecedented spatial and spectroscopic resolution. 

COLL 181 

Influence of high energy molecular vibrational modes on interfacial electron 
transfer reactions 

Lars Gundlach, larsg@udel.edu.Department of Chemistry and Biochemistry, University 
of Delaware, Newark, Delaware 19350, United States 

Photo-induced electron transfer (ET) at interfaces is an important process in many 
applications like solar cells and optoelectronic devices. This contribution focuses on the 
influence of vibrational excitations on ET at different interfaces. Although, the influence 
of high energy vibrational modes on ET between molecular donor-acceptor pairs has 
been intensely investigated, ET induced excitation of vibrational modes in 
heterogeneous donor-acceptor systems is a phenomenon that hitherto has been given 
little attention. Recently, we found that a large amount of energy (~340 meV) is 
transferred from the electronic excited donor state of perylene dye molecules to 
vibrational excitation of the resulting cation molecular product state during ET to TiO2 
acceptor states. We will present new results and discuss new approaches to study this 
important process in electron transfer reactions. 

 
 

COLL 182 

Collision of high energy xenon on an ice surface: classical dynamics simulations 

Subha Pratihar1, psubha.iitk@gmail.com, Swapnil C. Kohale1, Li Yang1, Manikandan 
Paranjothy1, Daniel Killelea2, Kevin D. Gibson2, Steven J. Sibener2, William L. Hase1.  
(1) Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas 
79409, United States  (2) Department of Chemistry, The University of Chicago, 
Chicago, Illinois 60637, United States 

This is a classical molecular dynamics study of collision of high incident energy Xenon 
with the basal plane of hexagonal ice Ih. The general chemical dynamics program 
VENUS[1, 2] has been used for the trajectory simulations. For these simulations a semi-
empirical Xe - ice interaction potential and a modified version of TIP4P [3] ice model 
have been employed.  

The collision dynamics studies yield information about penetration, trapping of Xe atoms 
inside the ice surface, and scattering off of Xe atoms from ice surface. Trapped Xe 



atoms lose more than 96% of their initial translational energy and get thermally 
equilibrated inside the ice surface. It is found that the trapped Xe atoms prefer to reside 
inside the water bilayers than in between two bilayers. It has been observed that the 
dissipation of energy from the collision point to the bulk of ice is very fast and scattered 
Xe atoms retain only a small percentage of the incident energy. At normal incident 
angles, the penetration is deepest, scattered xenon atoms retain only a few percent of 
the incident energy, and final energies of the colliding Xe atoms are independent of the 
incident energy. A more grazing angle of incidence reduces deep penetration and 
fraction of incident Xe atoms directly scattered off Xe from the ice surface increases. 
Our simulation results have been compared with molecular beam experiments[4]. 

References:  

[1] Hase, W. L.; Duchovic, R. J.; Hu, X.; KOrmonicki, A.; Lim, K.; Lu D.-H.; Peslherbe, 
G. H.; Swamy, N. K.; Vende Linde, S. R.; Varandos, A. J. C.; Wang, H.; Wolfe, R. J. 
QCPE 1996 , 16, 671. 

[2] Hu, X.; Hase, W. L.; Pirraglia, T. J. Comput. Chem. 1992 , 12, 1014. 

[3] Jorgensen, W.L.; Chandrashekhar, J.; Madura, J. D.; Impey, R. W.; Klein, M. L. J. 
Chem. Phys. 1983 , 29, 926. 

[4] Gibson, K. D; Killelea, D. R.; Yuan, H.; Becker, J. S.; Pratihar, S; Paranjothy, M; 
Hase, W. L.; Sibener, S. J. J. Phys Chem. C 2011 (submitted) 

COLL 183 

Sum-frequency vibrational spectroscopy of amorphous silica surfaces in 
presence of water molecules adsorbing from the vapor phase 

Oleksandr Isaienko, Eric Borguet, eborguet@temple.edu.Department of Chemistry, 
Temple University, Philadelphia, Pennsylvania 19122, United States 

Vibrational IR-Vis sum-frequency generation (vSFG) spectroscopy of silica surfaces in 
contact with air of varying relative humidity reveals the orientation of various hydroxyls 
(SiOH, HOH) with respect to the surface via the interference of the resonant and 
nonresonant contributions of the interfacial second-order susceptibility χ(2). vSFG 
spectra indicate at least two types of adsorbed water molecules: 1) weakly bonded 
hydroxyls (ν̃OH~3600 cm-1) with hydrogen atoms oriented toward the substrate; 2) 
stronger bonded hydroxyls (“bulk-like” water molecules, ν̃OH~3400 cm-1) preferentially 
oriented with hydrogen away from silica. At low humidity, water preferentially adsorbs 
into weakly hydrogen-bonded states; at high humidity, water molecules adsorb in 
multilayers with stronger hydrogen bonding. Simultaneously, surface-bound silanol 
hydroxyls (~3750 cm-1) stay practically intact over a wide humidity range (~5-95%) 
suggesting weak interaction between SiOH and adsorbing water molecules. 



COLL 184 

Vibrational sum frequency analysis of protective polymer material surfaces 

Geoffrey A Lott, geoffrey.lott@boisetechnology.org, Eduard Poinescu, Michael W Hill, 
Lawrence F. Scatena.Boise Technology, Inc., Nampa, ID 83687, United States 

There is currently intense interest in polymeric materials that can provide protection 
against chemical warfare agents and toxic industrial chemicals. It is widely accepted 
that the surface of these polymers will be the first point of contact for any threat agent 
and is therefore the optimal location to decontaminate or neutralize toxic chemicals, 
impede sorption into the material, and to limit outgassing or penetration through the 
material. To enable the systematic design of polymeric materials with enhanced 
chemical resistance or self-decontaminating properties, it is essential to understand 
their nanoscale surface structure. To increase this understanding, we employ surface 
sensitive vibrational sum frequency generation (VSFG) spectroscopy to study polymeric 
surfaces exposed to various chemical environments. Here we present data that 
elucidates surface structure and interactions at polymer/vapor interfaces, revealing how 
polymer surfaces change in response to adsorption of vapor phase molecules, including 
chemical warfare agent simulants. 

COLL 185 

Elucidating structure and reactivity of metal oxides: Solid-state NMR of surfaces 
and probe molecules 

Nancy Washton1, nancy.washton@pnnl.gov, Karl T. Mueller1,2.  (1) Environmental 
Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA 
99352, United States  (2) Department of Chemistry, Penn State University, University 
Park, PA 16802, United States 

Solid-state NMR studies of surface species (such is silanol groups and other M-OH 
moieties) interacting with small reactive probe molecules (including silanes, alcohols, 
and carboxylic acids) provide valuable structural and kinetic details for characterizing 
reactions at metal oxide surfaces. We have performed a range of NMR measurements 
related to environmentally- and industrially-relevant processes, including the acid-
mediated dissolution of minerals and glasses and the attachment of polymers to 
surfaces during “green” technological processes. The prediction of physical parameters 
(such as chemical shift tensors) for a range of nuclides in these systems provides 
identification of reactive surface species, demonstrating the advantages to coupling 
physics and chemistry for a more complete understanding of molecular processes at 
solid surfaces. 

COLL 186 



Surface plasmon resonance imaging for cell biology: Direct measurement of the 
evanescent wave penetration depth 

Alexander W Peterson, alexander.peterson@nist.gov, Michael Halter, Anne L 
Plant.Biochemical Science Division, National Institute of Standards and Technology, 
Gaithersburg, MD 20899-8313, United States 

Surface plasmon resonance imaging (SPRI) is a powerful label-free technique that has 
been known to provide sensitive biochemical surface measurements, but has only 
recently been applied to the field of cell biology. High resolution label-free imaging of 
cell-substrate contacts can be performed using a high numerical aperture objective lens. 
The SPRI signal is a result of the mass of material within the evanescent field, the 
refractive index of the material, and the distance between the material and the 
substrate. Cell focal contacts and cellular organelles can contribute to the SPRI signal. 
Unambiguous interpretation of the SPRI data is therefore complicated by uncertainties 
regarding the penetration depth of the plasmon wave. To gain a better theoretical 
understanding of the signal present in the image we used micron scale beads of 
polymers with a refractive index similar to cells as reference materials to calibrate SPRI 
reflectivity as a function of distance-to-substrate. Multi-wavelength measurements of 
these beads show that it is possible to tailor the effective depth of penetration of the 
evanescent wave into the cellular environment. The application of multiple wavelengths 
will assist the interpretation of the SPRI image. 

COLL 187 

Synthesis of nanomaterials for biological applications 

Mark Green, mark.a.green@kcl.ac.uk.Imaging Sciences, King's College London, 
London, United Kingdom 

We will report the synthesis of semiconductor quantum dots for use in targeted 
imaging, and explore novel capping strategies for semiconductor quantum dots. 
We will present new results on the synthesis of organic semiconductor 
nanoparticles for use in imaging applications, and the development of multi-
functional materials (figure 1). These metal-free particles are attractive 
alternatives to inorganic semiconductor quantum dots, where the inclusion of 
heavy metals such as cadmium may be problematic.  

 

 
 

COLL 188 

Imaging quantum dots in living cells and living animals 



Andrew M Smith, smi@illinois.edu.Department of Bioengineering, University of Illinois 
at Urbana-Champaign, Urbana, IL 61801, United States 

Quantum dots (QDs) are nanoparticles composed of semiconductors that are used as 
fluorescent probes for molecular, cellular, and in vivo imaging. Compared to 
conventional fluorescent dyes and fluorescent proteins, QDs offer a much greater 
fluorescence intensity (by a factor of 10-40), exceptional resistance to 
photodegradation, as well as efficient emission in the near-infrared. We have 
engineered QDs with a variety of hydrodynamic sizes and imaged the diffusion of these 
particles in the cytoplasm of living cells using real-time multicolor single-molecule 
imaging. In addition we have imaged the diffusion of these multi-size particles in the 
interstitium of tumor tissue in living animals. We found that there is a specific size cutoff 
for free diffusion in the cytoplasm and other crowded macromolecular environments, 
indicating that minimizing the size of nanoparticle probes and therapeutic agents is 
important to maximize efficacy. 

COLL 189 

Inorganic nanoparticles for biomedical applications. 

Y Andrew Wang, awang@oceannanotech.com.Ocean NanoTech, LLC, United States 

Attribute to their unique size-dependent optical, electronic, and/or magnetic properties 
as well as their superior stability under various environmental conditions, inorganic 
nanocrystals are considered ideal for different medical applications. Most nanoparticles 
with well defined size are prepared by solution based method, in which surface coating 
serves an important role in stabilizing nanoparticles in biological fluid and in linking 
affinity ligands or drug molecules for imaging, sensing and therapy. We have developed 
a unique surface coating method that make inorganic nanoparticles (quantum dot,iron 
oxide, and gold nanocrystals) very stable, which can be autoclaved and lyophilized. This 
presentation will summarize our recent progress in the synthesis, characterization, 
surface coating and bioconjugation of inorganic nanoparticles, as well as their 
biomedical applications as bioimaging contrast agents, sensing probes, drug carrier, 
and vaccine adjuvant. The technical challenges and possible solutions in these areas 
are also going to be discussed. 

COLL 190 

Lipid/gold hybrid nanoparticles as multifunctional and targeted contrast agents 
for (multicolor) computed tomography imaging 

David P Cormode1, davidcormode@gmail.com, Miruna Carnaru1, Iris E Allijn1, Wei 
Leong1, Merav W Galper1, Matti M van Schooneveld1, Torjus Skajaa1, Ewald Roessl2, 
Roland Proksa2, Edward A Fisher3, Zahi A Fayad1, Willem J Mulder1.  (1) Translational 
and Molecular Imaging Institute, Mount Sinai School of Medicine, New York, NY 10029, 



United States  (2) Philips Research Europe, Hamburg, Germany  (3) Department of 
Medicine, New York University, New York, NY 10016, United States 

Computed tomography (CT) is a very frequently used medical imaging technique, and 
development of potent nanoparticulate contrast media for CT could allow improved 
disease diagnosis. Gold nanocrystals (A) are highly attractive for this purpose as they 
produce strong computed tomography contrast and carry a large payload. Via lipidic 
coatings, gold nanoparticles can be made biocompatible, multifunctional and targeted. 
This allows, for example, the creation of nanoparticles that produce contrast for CT, MRI 
TEM, and fluorescence. 

We will present the synthesis and characterization (B) of a variety of lipid/gold 
nanoparticle platforms for CT imaging. Their performance as target-specific contrast 
agents in biological systems from in vitro to in vivo models of cardiovascular disease 
and cancer will be demonstrated (C). Furthermore, we will show that gold nanoparticles 
can be specifically detected using a novel technique, multicolor CT (D). In conclusion, 
gold nanoparticle enhanced molecular CT imaging allows advanced diagnoses of 
disease.  

 

 
 

COLL 191 

Ultrabright fluorescent nanothermometers for biomedical applications 

Vivekanand Kalaparthi, kalapav@clarkson.edu, Shajesh Palantavida, Igor 
Sokolov.Department of Physics, Department of Chemistry and Biomolecular Science, 
Nanoengineering and Biotechnology Laboratories Center (NABLAB), Clarkson 
University, Potsdam, NY 13699, United States 

We have recently reported on fluorescent silica nanoparticles that are brighter than 
quantum dots (ultrabright particles). Here we report on the first fluorescent sensor built 
on the platform of these ultrabright nanoparticles of ~35nm in diameter. This size is 
suitable for in-vivo applciations. The temperature dependence is achieved through the 
use of two dyes, a reference (rhodamine 6G) and temperature sensitive (rhodamine B ) 
dyes. Due to the dense packaging of the dye molecules inside nanoparticles, the 
Forster resonance energy transfer (FRET) between the dyes. As a result, the 
fluorescence of both dyes can be excited with a single wavelength. We demonstrate 
temperature sensitivity of the nanoparticles, which is highly linear and repeatable in the 
range of 5 - 50°C, which is of interest for hyperthermia treatment of cancer. 

COLL 192 

Tuning DNA-assembly of gold nanoparticles and enzyme-cutting of the assembly 



Elizabeth Crew1, ecrew1@binghamton.edu, Timur Kotlyar1, Nuri Tchah1, JeHwan Lee1, 
Liqin Lin1, Shiyao Shan1, Isaac Goodshaw2, Jin Luo1, Susannah Gal2, Chuan-Jian 
Zhong1.  (1) Department of Chemistry, Binghamton University State University of New 
York, Binghamton, NY 13902, United States  (2) Department of Biology, Binghamton 
University State University of New York, Binghamton, NY 13902, United States 

The ability to engineer DNA-mediated assembly of gold nanoparticles and enzyme-
mediated cutting of the assembly is important for developing effective methods in 
cancer detection. In this presentation, recent findings of our investigations of the 
assembly of gold nanoparticles by DNA complimentary strand binding and cutting of the 
double strand DNAs in the nanoparticle assembly by restriction enzyme will be 
discussed. The size effect of the nanoparticles on the assembly and cutting was probed. 
Surface enhanced Raman scattering (SERS) technique was used to detect the inter-
particle “hot spots” in association with the assembly of nanoparticles due to DNA 
complimentary strand binding. In addition to traditional assays of the cutting of the 
assembly by restriction enzymes, both SERS and agarose gel electrophoresis to 
monitor the cutting process. New insights into the control of the assembly and cutting 
processes will be discussed. 

COLL 193 

DNA-capped Nanoparticles as Encoded Nanocarriers for Intercalating 
Chemotherapy Drugs 

Mathew M. Maye1,2, mmmaye@syr.edu, Colleen M. Alexander1, James C. 
Dabrowiak1,2.  (1) Department of Chemistry, Syracuse University, Syracuse, New York 
13244, United States  (2) Syracuse Biomaterials Institute, Syracuse University, 
Syracuse, New York 13244, United States 

We have recently developed and implemented an Encoded Nanocarrier based on DNA-
capped gold nanoparticles (NPs). Using the known DNA-intercalating properties of 
many chemotherapy agents, we have designed NPs to load up to 200 drugs/NP, using 
sequence specific intercalation. For example, the frontline chemotherapy drugs 
doxorubicin (DOX) and actinomycin D (ActD) have been employed. The mechanism for 
cooperative binding, and the relative binding constants have been probed by monitoring 
the melting transition of the dsDNA capping, by the swelling of the hydrodynamic 
diameter by DLS, and via gel electrophoresis. The cytotoxicity of these encoded 
nanocarriers was also evaluated using neuroblastoma cancer cells. These results, and 
recent work on a multifunctional second-generation system will also be discussed. 

COLL 194 

Development of dually responsive luminescent colloidal nanoparticles 

Havva Funda Yaci Acar, fyagci@ku.edu.tr, Hande Ozturk.DEPARTMENT OF 
CHEMISTRY, KOC UNIVERSITY, Turkey 



We report a simple strategy to synthesize aqueous CdS quantum dots (QDs) with a 
thermosensitive coating. These QDs exhibit pH dependent LCST and therefore particle 
properties are sensitive to pH and temperature. Such particles are invaluable for 
sensing, labeling and imaging 

COLL 195 

Enzyme-responsive fluorescent micellar nanoparticles: Enzyme detection and 
signal amplification in vivo 

Miao-Ping Chien, m1chien@ucsd.edu, Nathan C. Gianneschi.Department of Chemistry 
and Biochemistry, University of California, San Diego, La Jolla, CA 92093, United 
States 

Nanoscale particles programmed to undergo dramatic, reversible and defined changes 
in morphology in response to biomolecular stimuli are expected to have broad utility. 
With this in mind, peptides are exploited as a building block in a peptide-polymeric 
system due to their inherent properties as the substrate of enzymes enabling one to 
develop nanomaterials capable of enzyme-driven morphological transformations. 
Herein, the enzyme-directed assembly of fluorogenic micellar nanoparticles generating 
amplified detectable signals unique to the particles will be discussed. These micelles 
are assembled from peptide-polymer amphiphiles (PPAs) labeled with either fluorescein 
or rhodamine. When mixed together, signals from the FRET-pairs are dramatically 
amplified and can be utilized to detect particle assembly and hence enzymatic activity 
either in vitro or in vivo. This is the first example of enzyme detection via fluorogenic 
supramolecular aggregation or morphology change. Furthermore, we show FRET 
signals within the shell of the assembled micelles can be used to measure particle 
stability (critical aggregation concentration) and enable a determination of intraparticle 
distances between amphiphiles in the micellar aggregates leading to elucidation of the 
packing arrangement of amphiphilic copolymers within the micelles. Finally, we 
demonstrate the utility of these fluorescent nanoparticles in the detection of enzymatic 
activity associated with disease states in vivo. 

COLL 196 

Rapid "bottom-up" production of organic nanoparticles: From drug bioavailability 
enhancement to fluorescence studies of cellular accumulation. 

Steve P Rannard1, srannard@liv.ac.uk, Tom O McDonald1, Andrew Owen2, Marco 
Giardiello1, Philip Martin2, Neill Liptrot2.  (1) Department of Chemistry, University of 
Liverpool, Liverpool, Merseyside L69 7ZD, United Kingdom  (2) Department of 
Molecular and Clinical Pharmacology, University of Liverpool, Liverpool, Merseyside 
L69 3GE, United Kingdom 

Combined Emulsion-Templating/Freeze-Drying has been used to form 
nanosuspensions of poorly-soluble organic compounds. Miniaturisation of this approach 



has led to the rapid formation of antiretroviral drug nanoparticle options for the 
evaluation of potential pharmacological nanotoxicology. Efficacy and benefit studies in 
immortal cell lines and primary cells have shown increases in activity, reduction in 
toxicology and enhanced permeability/cellular accumulation. Multi-component 
nanoparticles, comprising two or more active ingredients have also been formed, 
leading to organic/inorganic nanoparticles with magnetic properties and organic/organic 
nanparticles exhibiting FRET activity and allowing studies of particle uptake. 

COLL 197 

Vibrational response and dynamics of water at charged bio- and electrochemical 
interfaces 

Mischa Bonn1, bonn@mpip-mainz.mpg.de, Huib J. Bakker2, Nuria Garcia-Araez2, Ellen 
H.G. Backus1.  (1) Department of Molecular Spectroscopy, Max Planck Institute for 
Polymer Research, Mainz, Rheinland-Pfalz 55128, Germany  (2) FOM-Institute AMOLF, 
Amsterdam, The Netherlands 

Abstract Body: We study the vibrational response and dynamics of water at both 
charged lipid interfaces, and conducting metal and ITO surfaces under potential control, 
using vibrational sum-frequency generation (SFG) spectroscopy. For the lipid interface, 
we report the vibrational dynamics in dependence on bulk salt concentration; for the 
conducting electrochemical interfaces we reveal the origin of the large changes in 
vibrational response observed as a function of external potential. 

COLL 198 

High-resolution nonlinear vibrational spectroscopy and dynamics studies on 
some metal and metal-oxide surfaces 

HONGFEI WANG, hongfei.wang@pnnl.gov.Environmental Molecular Science 
Laboratory, Pacific Northwest National Laboratory, Richland, WA 99352, United States 

We present new results on the vibrational spectra of molecules adsorbed or self-
assembled on the metal and metal-oxide surfaces using the newly developed sub-
wavenumber high resolution broadband sum-frequency generation vibrational 
spectroscopy (HR-BB-SFG-VS). HR-BB-SFG-VS provides unique capabilities to study 
the spectroscopic, structural and dynamic details of surface species as well as their 
interactions with the metal and metal-oxide surfaces through measurement and analysis 
of spectral splitting and lineshape. Specifically, alkyl thiols on gold surfaces and small 
organic molecules on silica surfaces are to be discussed. 

COLL 199 

Vibrational dynamics of interfacial water by free induction decay sum-frequency 
generation (FID-SFG) 



Abdelaziz Boulesbaa, aboules@temple.edu, Eric Borguet.Department of Chemistry, 
Temple University, Philadelphia, PA 19122, United States 

The interaction of chemical functional groups with their environment determines many 
chemical and physical processes, and can be revealed by the dephasing of the 
vibrational coherence. To investigate this process with interface specificity, we use Free 
Induction Decay-Sum-Frequency Generation (FID-SFG) in which a short infrared pulse 
coherently excites vibrational oscillators and, after a controlled time delay, a second 
pulse up-converts the macroscopic polarization associated with excited oscillators, 
generating a field at the sum frequency. Monitoring the SFG response as a function of 
the delay between the IR pulse and the upconverting pulse provides information about 
the dephasing process with interface specificity; SFG is forbidden in non-
centrosymmetric environments. As dephasing typically occurs on an ultrashort time-
scale, we developed an FID-SFG experimental setup capable of temporally resolving 
vibrational dynamics at interfaces with sub-50 femtosecond time resolution. We will 
report the FID-SFG dynamics of free OH stretch vibrational mode at the solid-aqueous 
interfaces. 

COLL 200 

Nonlinear coherent vibrational spectroscopy of electrochemical transformations 

Prabuddha Mukherjee, Alexei Lagutchev, Dana D Dlott, dlott@illinois.edu.School of 
Chemical Sciences, University of Illinois at Urbana-Champaign, Urbana, IL 61801, 
United States 

The development of an understanding of fundamental mechanisms of electrochemical 
transformations is greatly assisted by real-time, in situ measurements of the vibrational 
spectra of molecules at electrode surfaces. Unfortunately these molecules exist at a 
buried interface. Vibrational sum-frequency generation spectroscopy (SFG) has 
emerged as the most powerful method for monitoring molecules at buried interfaces. In 
this talk we will describe the development of a powerful SFG spectrometer for 
electrochemical studies and its application to understanding the fundamental science 
underlying a variety of applications related to energy generation and storage, including 
fuel cells and lithium batteries. 

COLL 201 

Nonlinear vibrational spectroscopy of overtones of interfacial species 

Devika Sil, devika.sil@temple.edu, Aziz Boulesbaa, Eric Borguet.Department of 
Chemistry, Temple University, Philadelphia, Pennsylvania 19122, United States 

Sum Frequency Generation (SFG) and Second Harmonic Generation (SHG) are 
surface sensitive second order nonlinear optical phenomena occurring in media lacking 
inversion symmetry, e.g., interfaces between centrosymmetric media. SFG requires that 



two beams (IR and visible) be spatially and temporally overlapped at the interface to 
generate the signal. SHG is simpler, requiring only a single beam, and could develop as 
a useful and versatile tool for interfacial vibrational spectroscopy if challenges in the 
detection of the generated single photons could be overcome. Vibrational SFG 
experiments have extensively focused on the fundamental OH transitions revealing 
valuable information but the overtones of interfacial OH have not been explored. In the 
present work, weak overtone transitions (6000-7700 cm-1, 1666-1300 nm) at mineral-
water surfaces are investigated with resonantly enhanced vSHG and vSFG to reveal 
anharmonicities and bond dissociation energy of interfacial OH moieties. 

COLL 202 

Depolarization behaviour of surface-enahced Raman scattering photons from 
metal nanogap 

Fumika Nagasawa, Mai Takase, Kei Murakoshi, kei@sci.hokudai.ac.jp.Department of 
Chemistry, Graduate School of Science, Hokkaido University, Sapporo, Hokkaido 060-
0810, Japan 

Surface-enhanced Raman scattering (SERS) photons contain specific information on 
the vibrational characteristics of molecules and the electronic structure of interface of 
molecules / plasmonic metals. Because of the contribution of resonance excitation at 
highly localized states at the interface drastically alter not only the intensity of the 
scattering, but also the direction of anisotropic polarization in nano-meter scale. We 
measured polarized SERS from molecules at the gap of plasmonic metal nano dimer 
immersed in an aqueous solution. Several kinds of moleclues, especially bipyridine and 
single-walled carbon nanotube, showed SERS depolarized behavior depending on the 
adsorbed orientation of the molecule at the gap of the metal dimer. The SERS 
depolarization at specific adsorption states of molecules implies that the molecule and 
metal interface modulate the scattering polarization selectively. 

COLL 203 

Probing structure and dynamics at interfaces via heterodyne-detected 2D sum 
frequency generation 

Jennifer E Laaser, jlaaser@chem.wisc.edu, Martin T Zanni.Department of Chemistry, 
University of Wisconsin-Madison, Madison, WI 53706, United States 

This talk will cover recent developments in two-dimensional sum-frequency generation 
using mid-IR pulse shaping and heterodyne detection. One-dimensional sum-frequency 
generation spectroscopy provides vibrational spectra of interfaces, but is insensitive to 
much of the structural and dynamical information contained in 2D spectra. By combining 
heterodyne detection and mid-IR pulse shaping with sum frequency generation 
spectroscopy, we obtain 2D spectra of interfaces which can be interpreted in an 



analogous way to 2D IR and which we believe can bring new insight into structure and 
dynamics at a wide variety of interfaces. 

COLL 204 

Interface and bulk properties of imidazolium-based ionic liquids: Detailed insight 
from systematic angle-resolved XPS studies 

Hans-Peter Steinrück, steinrueck@chemie.uni-erlangen.de.Department of Chemistry, 
Universität Erlangen-Nürnberg, Erlangen, - D-91058, Germany 

An overview is given on the potential of X-ray photoelectron spectroscopy to investigate 
ionic liquid (IL) interfaces and related bulk properties. To allow for cross-correlation of 
different IL properties, the study is restricted to imidazolium-based systems. By 
systematic variation of alkyl chain lengths, by investigation of different anions, and by 
introduction of functional groups detailed information on surface orientation, enrichment 
effects, cation-anion interactions, and the correlation to macroscopic properties such as 
density and surface tension of ILs are derived. Furthermore, the molecular arrangement 
and growth behaviour of ultrathin ionic liquid layers on various substrates (Au(111), 
Ni(111), glass) are addressed. 

H.-P. Steinrück, Phys. Chem. Chem. Phys. (2012), DOI: 10.1039/c2cp24087d. 
H.-P. Steinrück et al., Adv. Mater. (2011) 2571. 

COLL 205 

Tribological performance and surface interactions of new ionic nanofluids and 
nanomaterials 

M.D. Bermudez, mdolores.bermudez@upct.es, F.J. Carrion, A.E. Jimenez, J. Sanes, 
G. Martinez-Nicolas, C. Espejo, T. Espinosa, M. Jimenez, J. Arias, G. Ojados, N. 
Gonzalez.Department of Ingenieria de Materiales y Fabricacion, Universidad Politecnica 
de Cartagena, Cartagena, Spain 

New environmentally friendly lubricants are needed to reduce the energy losses due to 
friction and wear of materials. Several families of room-temperature ionic liquids have 
been studied as a function of their composition, structure and properties. New 
ammonium protic ionic liquids (PILs) have been used as lubricants and lubricant 
additives in water and in synthetic lubricants. This allows to avoid the use of 
imidazolium derivatives with halogen-containing anions. Phosphorus-containing ionic 
liquids can develop new surface coatings to protect light alloys from wear. The ability of 
ionic liquids to modify and disperse nanoparticles and carbon nanophases allows to 
obtain new ionic nanofluids which can be used as lubricants and lubricant additives. 
These modified ionic nanomaterials can be added to polymer matrices to obtain new 
nanocomposites with enhanced wear and abrasion resistance. In all cases, a deep 



understanding of the surface and interface interactions and surface tribochemistry is 
needed. 

COLL 206 

Assembling on a Curve: Molecular Assemblies on Nanoasperities and the Impact 
of Surface Curvature on Monolayer Structure and Friction 

James Batteas, batteas@chem.tamu.edu.Department of Chemistry, Texas A&M 
University, College Station, TX 77842-3012, United States 

Friction and wear at interfaces in sliding contacts are dominated by the interactions of 
nanoscale asperities whose intentional or accidental contact can result in high 
pressures and shear stresses. Monolayers have been utilized as one means of 
controlling friction at such interfaces, however exactly how such films assemble on the 
sharply curved structures of nanoasperities, as compared to atomically smooth surfaces 
such as oxidized Si(100), has yet to be fully explored. Using a combination of FTIR, 
AFM and MD simulations, we have examined the structural and frictional properties of 
alkylsilane monolayers of various chain lengths on silica nanoasperities. Factors 
impacting the tribological performance of the films, including gauche defect density, 
lubricant additives and exposed surface area, were examined to understand the impact 
of curvature on the films. The synergistic effects of packing density and molecular order 
on the routes of energy dissipation in the films will also be discussed. 

COLL 207 

Mechanics and Thermodynamics of Nanometre-Scale Molecular Contacts 

Nikos Nikogeorgos, Christopher A Hunter, Graham J Leggett, 
Graham.Leggett@sheffield.ac.uk.Department of Chemistry, University of Sheffield, 
Sheffield, S. Yorks S3 7HF, United Kingdom 

There is still no unifying model for the contact mechanics in friction force microscopy 
(FFM), making quantification of data problematic. Here we report FFM data for contacts 
between surfaces functionalized with hydrogen bond-forming groups in liquid mixtures 
containing a hydrogen bond acceptor and a hydrocarbon. The adhesion force is found 
to be proportional to the solution-phase association constant for the hydrogen-bonded 
complex (proportional to the free energy of association). In liquids rich in the hydrogen 
bond acceptor, the surface is solvated and a linear friction-load relationship is observed. 
In non-polar media, the behavior is described by the Derjaguin-Muller-Toporov model. 
These observations are unified by treating the friction force as the sum of load-
dependent and shear contributions. Fitting of the data yields a coefficient of friction 
(molecular “plowing”), that is invariant with the strength of adhesion, and a surface 
shear strength, which is proportional to the free energy of association. 

COLL 208 



Friction measurements with AFM and SFA – a comparison 

Marina Ruths, marina_ruths@uml.edu.Department of Chemistry, University of 
Massachusetts Lowell, Lowell, MA 01854, United States 

The friction of single-asperity contacts of different sizes has been explored with AFM 
and with the surface forces apparatus (SFA) technique. The functional form of the 
friction force F vs. load L was found to depend on the strength of adhesion. Systems 
with low adhesion showed a linear dependence of F on L, with no dependence on the 
probe size. This enabled us to quantify a distinct odd-even dependence of the friction of 
phenyl-terminated alkanethiols on the number of methylene groups in the alkane chain. 
In systems with higher adhesion, the friction force was nonlinear and depended on the 
probe size. The nominal contact area could be directly measured with the SFA 
technique and increased sublinearly with L in both the adhesive and non-adhesive 
systems as expected from contact mechanics models. 

COLL 209 

The Role of End Group Chemistry on Vapor Phase Lubrication 

Michael T Dugger, mtdugge@sandia.gov, James A Ohlhausen, Sara Szarka.Sandia 
National Laboratories, Albuquerque, NM 87185, United States 

The development of low inertia electromechanical devices requires new lubrication 
approaches to mitigate the effects of adhesion and wear. Surface micromachined silicon 
MicroElectroMechanical Systems (MEMS) represents one such class of devices, and 
effective lubrication of silicon surfaces has been previously demonstrated using 
equilibrium adsorption of alcohols from the vapor phase. Subsequent research has 
shown that molecules with acid or methyl termination can also act as vapor phase 
lubricants, and that wear can be mitigated with adsorbed films on a range of metal oxide 
surfaces, including those of technologically useful alloys. Vapor phase lubrication of 
steel, aluminum, and electrical contact alloys has been demonstrated in pin-on-disk 
sliding experiments in controlled atmospheres, with alcohols and with vapor species 
having a variety of other functionalities. The tribological behavior of these vapor phase 
lubricants adsorbed on silicon and engineering alloys will be described. 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed 
Martin Company, for the United States Department of Energy under contract DE-AC04-
94AL85000. 

COLL 210 

Lubrication of micro-scale contacts by adsorbed pentanol vapor 



Anthony J Barthel, ajb5858@psu.edu, Ala' Al-Azizi, Seong H Kim.Department of 
Chemical Engineering, Pennsylvania State University, University Park, Pennsylvania 
16802, United States 

Material deformation and contamination are two important problems dealing with 
contacting surfaces at the micro scale. Vapor phase lubrication (VPL), in which 
lubricating molecules are continuously supplied to exposed surfaces, can reduce friction 
and adhesion between rubbing contacts. Ball-on-flat tribometry experiments were 
conducted with pentanol vapor on a variety of different material combinations, including 
borosilicate glass, sodalime glass, silicon, diamond-like carbon (DLC), and various 
metals. These tests included both rubbing pairs of the same material as well as 
dissimilar materials. It was found that the coefficient of friction was the same near 0.15-
0.2 for all material combinations tested. This result meant an increase in coefficient of 
friction for some materials (DLC in N2) and a decrease for others (stainless steel in N2). 
Tribopolymer was observed under high load and low vapor partial pressure of pentanol 
for silicon paired surfaces but not with other materials. 

COLL 211 

High Vacuum Tribometry Tests of Fluid Lubricants on Bearing Steels 

James M. Helt, James.m.helt@aero.org.Micro/Nano Technology Department, The 
Aerospace Corp, El Segundo, CA 90245, United States 

High vacuum tribometry tests, employing the ball on flat contact geometry, are being 
conducted for bearing steels (e.g. 440C) lubricated with low vapor pressure fluid 
lubricants used in spacecraft reaction wheel assemblies (RWA) and control moment 
gyroscope (CMG) bearings. The impetus for this work is to gain insight into whether or 
not such tribological systems have a propensity to develop a starved contact; through 
either interfacial interactions (dewetting) or adlayer fluid entrainment barriers. To date, 
tribometry tests have shown that decomposition of Pennzane based lubricants results in 
polymeric materials depositing adjacent to the contact on both the steel ball and flat. 
Unexpectedly, on both surfaces the deposited adlayers were found to exhibit a distinct 
deposition pattern that is anticipated to reflect the lubricants reflow field within the 
meniscus. Adlayer thickness measurements and the use of an N2 blow off jet to 
qualitatively examine the local adlayer-lubricant interaction will also be discussed. 

COLL 212 

Smart surfaces prepared from a block copolymer grafting strategy for 
controllable water/oil separation 

Lianbin Zhang, lianbin.zhang@kaust.edu.sa, Peng Wang.Division of Chemical and Life 
Sciences & Engineering, King Abdullah University of Science and Technology, Thuwal, 
Saudi Arabia 



We have developed smart surfaces on commonly used materials, including non-woven 
textiles and polyurethane sponges, that are able to switch between superoleophilicity 
and superoleophobicity in aqueous media. The smart surfaces are obtained by grafting 
a block copolymer comprising blocks of pH-responsive poly(2-vinylpyridine) and 
oleophilic/hydrophobic polydimethylsiloxane (i.e., P2VP-b-PDMS) on these materials. 
The P2VP block can alter its wettability and its conformation via protonation and 
deprotonation in response to the pH of aqueous media, which provides controllable and 
switchable access of oil by the PDMS block, resulting in the switchable surface oil 
wettability in aqueous media. On the other hand, the high flexibility of the PDMS block 
facilitates the reversible switching of the surface oil wettability. As a proof of concept, we 
also demonstrate that materials functionalized with our smart surfaces can be used for 
highly controllable oil/water separation processes. 

COLL 213 

Glucosamine functionalized copper nanoparticles with phototunable anti-
bacterial activity 

Murugan Veerapandian, momugan@gmail.com, Kyusik Yun.Department of 
Bionanotechnology, Gachon University, Seongnam-Si, Gyeonggi-Do 461-701, Republic 
of Korea 

Undesirable toxicity is a major concern to exploit anti-microbial application of metal 
nanoparticles. Surface modifications such as bio-functionalization of metal nanoparticles 
are predicted to have biocompatible anti-microbial nanoparticles. However, tunable anti-
microbial property is needed for optimized applications. Here, we show that ultraviolet 
tunable anti-microbial effect from glucosamine (GlcN) functionalized copper 
nanoparticles (CuNPs), resulting in an enhanced anti-bacterial function. Further GlcN 
functionalization allows significant shift in the UV-Visible absorbance at 525 nm and 
fluorescent emission wavelength at ~353 nm, for CuNPs. Structural characterizations 
reveal the hybrid morphology, selected-area electron diffraction pattern and elemental 
mapping of GlcN-CuNPs. Stretching and bending vibrations from FT-IR and Raman 
analysis ensured the GlcN functionalization on CuNPs. We demonstrate the 
phototunable anti-bacterial property of GlcN-CuNPs against two gram-negative and 
gram-positive strains by ultraviolet irradiation of prepared materials for 10 and 20 min. 
Minimum inhibitory concentration (MIC) analysis shows that UV irradiated GlcN-CuNPs 
has enhanced anti-bacterial activity than simple CuNPs, Cu metal salt and anti-biotic 
kanamycin. MIC observed for GlcN-CuNPs such as 4 µg/mL against Escherichia coli 
and 8 µg/mL against Salmonella typhimurium, Enterococcus faecalis and Bacillus 
subtilis confirms its potential for anti-infective agents, protection of medical instruments, 
water treatment and food processing. 

 

 
 



COLL 214 

Synthesis and Evaluation of a Folate PEG Conjugated Apoferritin Imaging Agent 

Ravikiran Yerabolu, ravikiranyerabolu@gmail.com, John Hakenjos, Walter Henne, 
whenne@govst.edu.Department of Chemistry, Governors State University, University 
Park, IL 60484, United States 

Folic acid (FA) binds with high affinity to folate receptor (FR) alpha, which is involved in 
receptor-mediated transport. FR-alpha levels are elevated in specific malignant tissues 
and thus FA serves as a useful targeting moiety for the diagnosis and detection of FR+ 
cancers. It has been established that apoferritin, a 440 kD iron transport protein ~70 nm 
in diameter, is capable of being dissociated into its respective 24 subunits at low pH (pH 
~ 3) and re-associated at pH ~ 7 to re-form the full apoferritin cluster. This re-
association enables compounds to be easily entrapped within the cage-like protein. In 
this report, we describe a method for the synthesis and characterization of a folate-
PEG-apoferritin based imaging probe. Folate-PEG apoferritin loaded with fluorescein 
was readily endocytosed by FR+ L1210 leukemia cells. More importantly, uptake was 
blocked by excess folic acid, demonstrating receptor-mediated cellular uptake of the 
folate conjugated agent. 

COLL 215 

Statistical analysis of the discrete encapsulation of nanomaterials in colloidal 
capsules 

Tatsuya Sakakura, sakakura-tatsuya@bio.eng.osaka-u.ac.jp, Kazuya Nishimura, 
Hiroaki Suzuki, Tetsuya Yomo.Graduate school of information science and technology, 
Osaka University, Suita, Osaka 565-0871, Japan 

Encapsulation of materials into capsules becomes discrete in small scales. We propose 
a measurement and analysis method of discrete encapsulation of nanomatrials in 
colloidal capsules using the fluorescence flow cytometry. Encapsulation of nano-sized 
polymer beads and lambda-phage DNA into lipid vesicles (liposomes) was evaluated as 
a model system. By using fluorescence markers, vesicle volume, membrane quantity 
and nanomaterials in a large number of individual vesicles were measured 
simultaneously. We show that the number of encapsulated material can be evaluated 
from the quantized fluorescence intensity distribution, which was then compared with 
the Poisson statistics. As a result, probability of encapsulating beads and lDNA 
exhibited characteristic trends that depended on the vesicle volume, lamellarity, and 
electrostatic interaction, which should reflect the physical interaction in the vesicle 
formation processes. This measurement and analysis will be a powerful tool in 
designing the colloidal capsules used in many scientific and industrial applications. 

COLL 216 



Octanol-water partition coefficient (Kow): Is it a good measure of hydrophobicity 
of nanoparticles? 

Yao Xiao, yao.xiao@duke.edu, Mark R Wiesner.Department of Civil and Environmental 
Engineering, Duke University, Durham, North Carolina 27705, United States 

Octanol-water partition coefficient (Kow) is a conventional measure of hydrophobicity of 
organic compounds, and has been recently applied to NPs. However, the larger size of 
NPs may undermine the fundamental assumptions of KOW application. We conducted 
the Kow measurement for different NPs: aqueous C60 (aqu-C60), tetrahydrofuran-C60, 
fullerol, nano-silver, and citrate-coated nano-gold (Au-Ci). Our results showed that 
larger Kow was obtained from NPs that exhibited greater hydrophobicity. We also 
showed that as size increased, KOW of aqu-C60 increased, but KOW of Au-Ci was not 
dependent on size. Dark field microscopy revealed that Au-Ci NPs (< 30 nm) mainly 
remained in bulk water; while majority of Au-Ci (> 100 nm) were accumulated near the 
water-octanol interface. Overall, our study demonstrated that the partition of NPs is 
determined by both hydrophobicity and size. The current application of Kow as a 
measure of hydrophobicity for NPs is inherently flawed and further investigation is 
needed. 

COLL 217 

Formation of the reverse micelles of cetyl trimethylammonium bromide in 
chloroform and their behavior at subzero temperatures 

Ľubica Klíčová1,2, lubica.h@seznam.cz, Peter Šebej1,2, Peter Štacko1, Sergey K. 
Filippov3, Petr Klán1,2.  (1) Department of Chemistry, Faculty of Science, Masaryk 
University, Kamenice 5, Brno, Czech Republic  (2) Research Centre for Toxic 
Compounds in the Environment (RECETOX), Faculty of Science, Masaryk University, 
Kamenice 3, Brno, Czech Republic  (3) Institute of Macromolecular Chemistry, 
Academy of Sciences of the Czech Republic, v. v. i., Heyrovský Sq. 2, Prague 6, Czech 
Republic 

The aggregation of cetyl trimethylammonium bromide (CTAB) in chloroform in the 
presence of water at different temperatures has been examined. Two scenarios of the 
reverse micelle formation, the pseudophase and reaction equilibrium models, were 
taken into account in the interpretation of the measured transitions in an ITC titration 
curve. 

The growth of the associates was observed through the changes of the NMR signals of 
water, probing thus its microenvironment either in the interior of reverse micelles or in 
premicellear aggregates. 

Dependence of the water loading on the CTAB concentration at the constant water-to-
surfactant molar ratio indicated the formation of aggregates of hydrated surfactant 



monomers. The reaction equilibrium model was evidenced by a DOSY spectroscopy. 
The critical micelle concentration was determined by both ITC and NMR. 

The changes of the reverse micelles size at subzero temperatures will be discussed. 

COLL 218 

Gold nanoparticles-paper as a 3-dimensional SERS substrate 

Ying Hui Ngo1, ying.ngo@monash.edu, Dan Li2, George P Simon2, Gil Garnier1.  (1) 
Department of Chemical Engineering, Australian Pulp and Paper Institute, Monash 
University, Clayton, Victoria 3800, Australia  (2) Department of Material Engineering, 
Monash University, Clayton, Victoria 3800, Australia 

This work investigates the effect of gold nanoparticles' (AuNPs) addition to paper 
substrate and their Surface Enhanced Raman Scattering (SERS) performance. Paper 
was dipped into AuNP solutions of different concentration and the SERS performance of 
AuNPs-treated paper was evaluated with 4-aminothiophenol (4-ATP). Paper's SERS 
intensities increased linearly with the AuNPs' concentration. Compared to silicon, the 
Raman enhancement factor (EF) from paper was higher due to a more uniform and 
higher adsorption of AuNPs. The effect of the spatial distribution of AuNPs in different 
substrates was also investigated. The number of AuNPs was kept constant (1µL droplet 
of AuNPs was deposited on all substrates); paper, silicon and hydrophobized paper 
were tested. The AuNP droplet on paper showed the most reproducible and sensitive 
SERS signal. This highlighted the role of the z-distribution of AuNPs within the bulk of 
paper in producing a 3-dimensional (3D) multilayer structure to allow inter and intralayer 
plasmon coupling, amplifying the SERS signal. 

Keywords: SERS, gold nanoparticles (AuNPs), paper, heterogeneity, 3-dimensional, 
amplification, sensitivity, bioassay. 

COLL 219 

Nanostructured transition-metal oxide semiconductor photoanodes 

Henrique Schembry, hepelmr@potsdam.edu, Maria Hepel.Department of Chemistry, 
State University of New York at Potsdam, Potsdam, NY 13676, United States 

Solar energy is seen as one of the potential replacements to today's fossil fuel-based 
energy sources. Solar cell efficiencies, however, are not currently high enough to meet 
the world's energy demands. The research presented here focuses on the properties of 
two semiconductors, titanium dioxide and tungsten trioxide, along with nanostructured 
mixtures of the two. The semiconductors were annealed at varying temperatures to 
evaluate the effects of crystallinity and surface morphology and associated with it 
electron-hole recombination rate. The performance of materials annealed at different 
temperatures as photoanodes with photosensitive dyes has been investigated. Pulse-



voltammetric methods have been applied to create a nano-pore structure. The 
TiO2/WO3-x photoanodes have also been used in photoelectrocatalytic cells for dye 
degradation and organic pollutant remediation. The investigations of the degradation of 
several azo dyes show that the TiO2/WO3-x photoanodes can be effectively applied in 
these pollutant' remediation. 

COLL 220 

Surface Properties of Hydroxyapatite and Molecular Models for the Simulation of 
Hybrid Interfaces 

TZU-JEN LIN, tzujenlin999@gmail.com, Hendrik Heinz.Department of Polymer 
Engineering, University of Akron, Akron, OHIO 44325, United States 

Biomineralization of human bones and teeth are highly associated with interactions 
between biomolecules and hydroxyapatite (HAP). Available force fields need specific 
mixing rules to describe peptide-HAP interactions and lack validation of polarity and 
interfacial interactions. Here we present a new force field for HAP which is fully 
compatible with polymer consistent force field (PCFF), CHARMM, and AMBER force 
fields. These force field parameters are validated by lattice structures from X-ray 
studies, IR spectrum, elastic constants, cleavage energies, and solid-liquid interface 
energies. Simulated lattice structures, IR spectrum, and elastic constants exhibit good 
correlations with experiments. The solid-liquid interface energy calculated by CHARMM, 
and AMBER force field ranges from 40 to 100 mJ/m2, which is close to the crystal 
growth studies of HAP. We also find the peptide (SVSVGGK) bind to the {001} surface 
by the N-terminal group, or the positive charged ε-amino group on the side chain of 
lysine. 

COLL 221 

Hydrogel capsules of poly(methacrylic acid)/poly(vinylpyrrolidone) 
interpenetrated networks obtained through layer-by-layer method 

Jun Chen, cj1016@uab.edu, Veronika Kozlovskaya, Eugenia 
Kharlampieva.Department of Chemistry, University of Alabama at Birmingham, 
Birmingham, Alabama 35294, United States 

We report on hydrogel ultrathin capsules of high loading capacity made of layer-by-layer 
hydrogen-bonded poly(N-vinylpyrrolidone) and poly(methacrylic acid) (PVPON/PMAA) 
films. The films are deposited on porous particulate inorganic cores used as sacrificial 
templates. The (PVPON/PMAA) ultrathin interpenetrating networks (IPNs) are obtained 
by chemical cross-linking of PMAA layers. PVPON was physically entrapped in the 
capsule wall upon PMAA cross-linking. Unlike other pH-sensitive PMAA-based 
hydrogels, the IPNs capsules integrate pH-triggered response with high loading 
capacity due to the improved drug entrapment inside the two-component capsule. 
Amount of the encapsulated drug is controlled by varying porosity of the sacrificial 



inorganic templates used for drug encapsulation prior to LbL deposition. The effects of 
the sacrificial template properties and the network cross-link density on capsule 
permeability are studied. We believe that the capsules of PMAA hydrogel with 
entrapped PVPON hold promise as advanced drug-delivery carriers of improved 
efficiency. 

COLL 222 

Temperature-responsive multilayer microgels of poly(N-vinylcaprolactam) 

Chrysanty Tedjo, tedjoc@uab.edu, Veronika Kozlovskaya, Jun Chen, Xing Liang, 
Eugenia Kharlampieva.Department of Chemistry, University of Alabama at Birmingham, 
Birmingham, Alabama 35294, United States 

Temperature-sensitive hydrogels, composed of crosslinked networks of temperature-
sensitive polymers, have attracted considerable attention in science, engineering, and 
medicine. We present novel type of autofluorescent microgel particles of poly(N-
vinylcaprolactam) (PVCL), a rarely explored biocompatible polymer, that can reversibly 
change their volume in response to temperature. The microgels were produced via 
layer-by-layer (LbL) assembly of PVCL-based copolymers and poly(methacrylic acid) 
onto porous sacrificial templates, followed by chemical cross-linking of PVL into 
autofluorescent structures. Microgel dimensions, morphology, and properties were 
controlled by the choice of a sacrificial template, molecular weight of the PVCL 
copolymer, and LbL deposition time. Our results demonstrate that the PVCL-based 
microgels offer opportunities for developing novel stimuli-responsive systems as 
advanced temperature-triggered encapsulation/release devices. 

COLL 223 

Sythesis and generation of bi- and tri-dentate chelating poly(ethylene glycol)-
terminated self-assembled monolayers on gold 

Diego Leal, henry.moore@utb.edu, H. Justin Moore.Chemistry and Environmental 
Sciences, The University of Texas at Brownsville, Brownsville, Texas 78520, United 
States 

Polyethylene glycol (PEG) has been used since the 1980's to generate non-fouling or 
protein-resistant surfaces. Shortly thereafter, scientists began to test oligo-ethylene 
glycol terminated self-assembled monolayers (SAMs) to inhibit protein adsorption. 
Further investigation into the mechanism of non-fouling surfaces resulted in the finding 
of several key insights about PEG-thiols: (1) the protein-resistant behavior depends on 
the manner in which the molecules assemble on the surface, (2) the final state of the 
monolayer on the surface depends on solvent, temperature, and time, and (3) less 
ordered monolayers are more protein-resistant than highly ordered, crystalline 
monolayers. Previous studies revealed that SAMs generated from chelating alkane 
trithiols exhibited enhanced film disorder and increased thermal stability. To this end, we 



targeted the synthesis of two oligo-ethylene glycol trithiols having the chemical formulas 
of HO(CH2O)nCH2C(CH2SH)3, where n = 3,4 to test their protein-resistant behavior and 
thermal stability. 

COLL 224 

Bio-nanolithography: Mechanically guided self-assembly of silk-elastin-like 
protein using Atomic Force Microscopy 

Nitinun Varongchayakul1, nitinunv@umd.edu, Joseph Capello3, Hamidreza 
Ghandehari4, Santiago D. Solares2, Joonil Seog1.  (1) Department of Materials Science 
& Engineering, University of Maryland, College Park, Maryland 20742, United States  
(2) Department of Mechanical Engineering, University of Maryland, College Park, 
Maryland 20742, United States  (3) Protein Polymer Technologies Inc., La Jolla, 
California 92037, United States  (4) Department of Pharmaceutics and Pharmaceutical 
Chemistry and Bioengineering, University of Utah, Salt Lake City, Utah 84112, United 
States 

Here we propose a simple way of patterning silk-elastin-like peptide (SELP) nanofibers 
on mica using Atomic Force Microscopy. The local nanomechanical force exerted by 
AFM tip accelerates the formation of the nucleation sites where SELP nanofibers 
elongate. As force increases, the nucleation sites form more readily, indicating the force 
is lowering the activation energy of nuclei formation. The quantitative kinetic analysis 
reveals the time required to observe the first nucleation fits well with Bell model.  

 
 

COLL 225 

Cubical ultrathin hydrogel microcontainers: pH-triggered shape transitions 

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

We report on two types of pH-triggered shape response in cubical hollow 
microcapsules. The cubical microcontainers were produced as poly(methacrylic acid)-
based hydrogel (PMAA) replicas of cubical inorganic carbonate microparticles obtained 
from chemically cross-linked multilayers of hydrogen-bonded precursor films. We found 
that while cubical (PMAA)20 capsules turned into spherical-like when transitioned from 
pH=3 to pH=8, cubical PMAA-poly(vinylpyrrolidone), (PMAA-PVPON)5, hydrogel cubical 
capsules retained their cubical shape and increased in size instead. The decrease in 
cross-link density in the (PMAA-PVPON)5 hydrogel hollow microcontainers resulted in 
the increase in their swelling ratio. 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 226 

High throughput development of emulsions for softening personal care wipes 

Christopher V. Decker, Philip E. Kieffer, Scott W. Wenzel, Corey T. Cunningham, 
ccunning@kcc.com.Corporate Research & Engineering, Kimberly-Clark Corporation, 
Neenah, Wisconsin 54956, United States 

Most wet wipes are dilute, single-phase, aqueous solutions distributed on a nonwoven 
basesheet. Despite the relative soft feel of basesheets in general, the purpose of this 
project was to evaluate whether oil-in-water emulsions could improve this attribute. 
Emulsion use is limited by cost constraints and the ability to create stable, low viscosity 
and minimal solid content formulations. After identifying a prototypical emulsion 
consisting of vegetable oil fatty acids and emulsifier, a high throughput screening 
approach was developed. The workflow involved compounding the formulations and 
measuring the fabric handle of wetted basesheet samples. This approach evaluated 
variables such as emulsifier type and concentration, fatty acid source, type of 
basesheet, and solution add-on in a controlled and efficient manner. Statistical analysis 
identified the chain length of the fatty acid and the emulsifier HLB value as significant 
factors in predicting fabric handle. Consumer panel evaluation of optimized formulas 
correlated with the handle data. 

COLL 227 

Matrix-assisted Polymer Pen Lithography: A new method for immobilization of 
bioorthogonal reactions and kinetic characterization of force catalyzed reactions. 

Shudan Bian, sb3170@nyu.edu, Adam B. Braunschweig.Department of Chemistry and 
The Molecular Design Institute, New York University, New York, New York 10003, 
United States 

Matrix-assisted Polymer Pen Lithography (PPL) induces site-specific reactions to 
pattern fluorescent and redox active inks with sub-micrometer scale feature sizes onto 
cm2 area with precise control over feature diameter, ligand density, and orientation. 

 
 
 
This strategy demonstrates the generality of matrix-assisted PPL as a facile and 
reproducible tool for exploring the viability of organic transformations that are not 
commonly used in surface science applications. This approach also facilitates the 
kinetic study of force catalyzed cyclic reactions. 



COLL 228 

Anionically cross linked homopolymer colloids applied in formation of metal 
nanoparticles 

Behzad Tangeysh, behzadtangeysh@gmail.com, Bradford B. Wayland.Department of 
Chemistry, Temple University, Philadelphia, PA 19122, United States 

Addition of dianions to the aqueous solution of partially protonated 
polydimethylaminoethylmethacrylate (PDMAEMA) efficiently lead to the formation of 
polymer colloidal particles held together by dinegatively charged anions that cross link 
the partially protonated PDMAEMA homopolymer. This procedure is used to incorporate 
[PtCl6]-2, [PtCl4]2- and [PdCl4]2- as a cross linker into the framework of well defined 
polymer network colloid particles. TEM and DLS analysis of the colloidal solutions 
showed the existence of near spherical colloids with the size range between 100 to 300 
nm. Zeta potential measurements showed that the particle dispersions have good 
stability in the pH range of 4.5 to 6.5. Integrating of the metal dianion complexes into 
polymer colloidal structures and subsequent reduction resulted in formation of small 
(~1nm) narrowly dispersed metal nanoparticles. Application of this method to form 
colloid particles is expected to provide a convenient room temperature route for 
controlled formation of small metal nanopaticles. 

COLL 229 

Blending of Triblocks and Diblocks With Identical Hydrophilic Block for 
Multicompartment and Multigeometry Nanostructures 

Zheng Zeng1, zzeng@udel.edu, Jiahua Zhu1, Yingchao Chen1, Shiyi Zhang2, Karen 
Wooley2, Darrin Pochan1.  (1) Department of Materials Science and Engineering, 
University of Delaware, Newark, DE 19716, United States  (2) Department of Chemistry, 
Texas A&M University, College Station, TX 77843-3255, United States 

Unique polymer nanostructures, such as toroids, disks, and helices, have been obtained 
from a single triblock copolymer poly(acrylic acid)-b-poly(methylacrylate)-b-
poly(styrene)~(PAA-PMA-PS) through a self-assembly process in dilute water/THF 
(tetrahydrofuran) solvent mixtures in the presense of organic multiamine molecules. 
Aiming to better understand their formation and explore novel structures, diblock 
copolymers, e.g. PAA-PMA and PAA-PS, were mixed with PAA-PMA-PS to coassemble 
at desired solution conditions to produce known nanostructures (e.g. toroid, disk, helix 
fomations). By taking advantage of the kinetic pathway of assembly and mulitamine-
PAA complexation, the additional diblock copolymers can be trapped in the same 
micelle with the triblock PAA-PMA-PS. Interesting transitions were found in 
toroid/disk/helix fomations by changing the amount of the diblock copolymers in the 
mixtures. The morphologies of the blended nanoparticles were characterized with 
cryogenic and conventional transmission electron microscopy. 



COLL 230 

Heterogeneous ozonolysis of surface adsorbed eugenol and 2-methoxy-
4propylphenol 

Erinn O'Neill, eoneill@drew.edu, Alae Z Kawam, Ryan Z Hinrichs.Department of 
Chemistry, Drew University, Madison, New Jersey 07940, United States 

Biomass combustion releases lignin pyrolysis products – many of which are 2-
methoxyphenols with various side chains in the 4-position – into the atmosphere, where 
they likely contribute to the organic composition of troposperic aerosols. To model this 
chemistry, we investigated the adsorption of gaseous eugenol and 2-methoxy-4-
propylphenol on NaCl and Al2O3, which serve as surrogates for sea salt and mineral 
aerosols, respectively. Organic coatings approached monolayer coverage for NaCl and 
KI under dry conditions (i.e., RH < 2%) but exhibited lower surface coverage upon co-
adsorption of water at higher humidity. Both methoxylphenols dissociatively adsorbed 
on Al2O3 at near-monolayer levels at all RH levels studied (2–70% RH). Exposing 
surface adsorbed methoxyphenols to 400 ppb ozone resulted in efficient oxidation 
initiated by 1,3-cycloaddition at both the alkene side chain and the aromatic ring, and 
the relative rates for eugenol versus 2-methoxy-4-propylphenol allowed for quantitative 
comparison of addition at these two distinct sites. 

COLL 231 

Photochemical oxidation of phenols and methoxyphenols adsorbed on mineral 
oxides 

Nicholas Chiappini, nchiappini@drew.edu, Ryan Z Hinrichs.Department of Chemistry, 
Drew University, Madison, New Jersey 07940, United States 

The photochemical oxidation of phenols and methoxyphenols – common functional 
groups associated with lignin pyrolysis products – may represent an important 
degradation pathway for such aromatic compounds in tropospheric chemistry. To 
assess this potential, we used diffuse reflectance infrared spectroscopy to investigate 
the adsorption of model organics, including phenol and eugenol, on rutile (TiO2) and 
alumina (γ-Al2O3). Dissociative adsorption of phenolic functional groups results in 
irreversible adsorption at all relative humidities studied (2–50%). Samples were 
subsequently exposed to the output of a xenon lamp solar simulator. Studies compared 
the photochemical oxidation under UV-visible full spectral exposure versus λ > 300 nm, 
using a short wavelength cutoff filter to model actinic radiation. Kinetics and reaction 
products are also compared for TiO2, a well know photocatalyst, versus Al2O3, and as a 
function of relative humidity. The atmospheric potential of this photochemistry will be 
discussed. 

COLL 232 



Charge transport pathways through single porphyrins in electrode-molecule-
electrode junctions 

Zhihai Li, zhihaili@temple.edu, Eric Borguet.Chemistry, Temple University, 
Philadelphia, Pennsylvania 19122, United States 

Studying single molecule conductivity can elucidate charge transport processes through 
molecules and help develop molecular devices. A critical issue is the effect of anchoring 
groups. However, this has principally been investigated in two terminal molecules with 
only a few different anchoring groups. While there is ambiguity in the preferential 
pathway in an electrode-molecule-electrode junction for molecules with four identical 
terminals, our experiments showed that charge transport in porphyrins follows the 
longest path.[1] Interestingly, and contrary to previous reports, the principal effect of 7 
different anchoring groups is to change the effective length through which charge is 
transported in porphyrins.[2]  

References:  

1. Z. Li, E. Borguet, Determining Charge Transport pathways through Single Porphyrin 
Molecules Using STM break Junctions, JACS, 2012, 134, 63-66. 

2. Z. Li, E. Borguet, Effect of Anchoring Groups on Single Molecule Charge Transport 
through Porphyrins, (Submitted) 

COLL 233 

Plasmon-exciton coupling in double-shell nanostructures: Investigating the effect 
of spacer layer composition 

Brendan G DeLacy1, brendan.g.delacy.civ@mail.mil, Marin Soljacic2, Wenjun Qiu2.  (1) 
Research & Technology Directorate, U.S. Army Edgewood Chemical Biological Center, 
Aberdeen Proving Ground, MD 21010-5424, United States  (2) Department of Physics, 
Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

Colloidal suspensions of double-shell nanostructures were fabricated and their 
absorption properties measured in the visible region. The double-shell structures 
consisted of a silver core, a thiol spacer layer, and an outer J-aggregate cyanine dye 
layer. 

 
 
 
Silver nanoparticles were coated with a range of thiols that varied in chemical content 
and alkyl chain length. A cationic cyanine dye, 1,1-diethyl-2,2-cyanine iodide (PIC), was 
then self assembled onto the thiol spacer layer. For comparison, PIC was adsorbed 
directly onto silver nanoparticles, i.e. no spacer layer present, and on silver core/silica 
shell nanoparticles. The formation of the dye aggregate was observed for a range of 



thiol spacer layers. Additionally, an analytical expression was obtained for descibing the 
plasmon-exciton interaction in these nanostructured systems. Computational and 
experimental results indicate that the absorption wavelength of the aggregate dye is 
dependent on both the spacer layer chemistry and the distance of the dye layer from the 
silver core.  

 
 

COLL 234 

Using localy photobrightened CdSe quantum dots for a sensitive silver (I) 
detection 

Arika Pravitasari, apravitasari@mail.chem.tamu.edu, Agustin Diaz, James 
Batteas.Department of Chemistry, Texas A&M University, COLLEGE STATION, Texas 
77840, United States 

Here, we established a simple platform by using locally photobrightened CdSe Quantum 
Dots (QDs) capped with 11-mercaptoundecanoic acid (11-MUA) as a probe for sensitive 
Ag+ detection. The photoluminescence (PL) of the CdSe QDs was first increased by 
photobrightening via laser photoexcitation. This locally photobrightened CdSe QDs were 
more sensitive to its local environment compared to the background QDs, which is 
promising for its usage as probes for sensitive sensors. The quenching mechanism 
followed was the cation exchange reaction, confirmed by X-ray photoelectron 
spectroscopy (XPS) measurements. The assembly of CdSe monolayers in microfluidic 
channels was used to monitor the kinetics of CdSe QDs PL quenching as a function of 
Ag+ concentration with a minimal degree of oxidation from ambient air. The varying 
degree of photobrightening corresponding to changes in the ligand surface coverage on 
CdSe and the extent of surface oxidation were also investigated as a function of the PL 
quenching. 

COLL 235 

Thermostable DNA Immobilization 

Dongbiao Ge, dge01@students.poly.edu, Xin Wang, Keeshan Williams, Rastislav 
Levicky.Department of Chemical and Biological Engineering, Polytechnic Institute of 
New York University, Brooklyn, NY 11201, United States 

This study reports stabilization of hybridization activity of DNA oligonucleotide 
monolayers immobilized to gold through a polymer-anchor layer, and compares it to that 
of widely-used monovalent thiolate attachment in the range from 25 to 90 oC. After 
confirming stability of immobilization and, more importantly, hybridization activity even 
under harsh temperatures, these thermostable films are used to demonstrate 
measurements of (1) reversible surface melting transitions and (2) temperature 
dependence of competitive hybridization, when fully matched and mismatched 



sequences compete for binding to immobilized DNA oligonucleotides. Comparison of 
surface mismatch penalty for the sequences considered, as derived from surface 
melting transitions, indicates that the mismatch free energy penalty at the surface is 
comparable to that in solution. Competitive hybridization experiments reveal highly 
prominent impact of temperature on rates of approach to equilibrium, with kinetic 
freezing into nonequilibrium states close to room temperature and rapid approach to 
equilibrium at sufficiently elevated temperatures. Monitoring of surface strand coverages 
is realized with cyclic voltammetry and electroactively-labeled oligonucleotides. 

COLL 236 

Facile, green synthesis of large single crystal copper micro and nanoparticles 
with ascorbic acid and gum arabic 

Preston B Landon1, plandon@ucsd.edu, Alexander H Mo1, Gutierrez Gutierrez2, 
Ratnesh Lal1.  (1) Bioengineering, University of California San Diego, La Jolla, CA 
92093, United States  (2) Chemistry, The University of Texas-Pan American, Edinburg, 
TX 78539, United States 

Large single crystal colloidal copper particles with diameters between 0.5-2 μm were 
created using a green synthesis process. The process used ascorbic acid to reduce a 
finely balanced Schweizer's reagent created using copper salts in the presence of 
various gum Arabic concentrations. The Schweizer's reagents were created by adding 
various amounts of ammonium hydroxide to copper sulfate and the pH of the solution 
was controlled by the addition of ascorbic acid. The best particle formation was found to 
occur at high temperature with copper sulfate between pH 9 and 7.5 with optimal 
formation at pH ~8.5. At high concentrations copper particle formation was found to 
occur from the aggregation of smaller particles which continued to nucleate once 
aggregated this resulted in the creation of globular particles and large aggregates of 
micron sized particles. The addition of gum arabic resulted in the creation of large single 
crystal particles that did not aggregate. 

COLL 237 

Design of UV-controlled "on/off" microfluidic pumps 

Vinita Yadav, vxy116@psu.edu, Hua Zhang, Ryan Pavlick, Meng Wu.Department of 
Chemistry, The Pennsylvania State University, State College, Pennsylvania 16802, 
United States 

We discuss a set of smart micropumps that sense their surrounding environment and 
respond accordingly. First we have shown photoacid crystallites function as 
micropumps in the presence of UV light, via diffusiophoresis, which can be turned 
“on/off” in a controlled manner. The pump can be restarted multiple times simply by 
reillumination. Electroosmotic component was distinguished from diffusiophoretic 
component and quantified. We also demonstrated this pump can be used for patterning. 



Secondly, we showed a Schiff base too can work as a micropump in acidic environment 
wherein the velocity can be controlled by controlling the pH and in-turn the ion gradient; 
the highest velocities being achieved at the lowest pH. Further, we combined the 
photoacid and Schiff base simulating a source-drain set-up and both spatial and 
temporal control over velocities was achieved.  

 
 

COLL 238 

Syntheses of Ester-quats by Michael addition reaction 

Hyun Ah Hwang1, hyun-ah1223@hanmail.net, Eun kyung kang1, Byung Min Lee1,3, 
bmlee@krict.re.kr, Byeong Hyo Kim2.  (1) Department of Green chemistry and Biology, 
UST, Deajeon, Republic of Korea  (2) Department of Chemistry, Kwangwoon University, 
Seoul, Republic of Korea  (3) Surface Materials Research Group, Korea research 
institute of chemical technology, Deajeon, Republic of Korea 

Because of high biodegradability of ester-quats, there are many attempts on the 
syntheses of those. In this work, two types of ester-quats were obtained via Michael 
addition reaction under mild conditions. Two kinds of ester-quats were obtained by the 
reaction of alkyl acrylates and amines such as ethanolamine and propylenediamine 
under mild conditions followed by the quarternization with dimethyl sulfate. The 
synthesized este-quats were characterized by NNR, FT-IR, HR/MS. 

COLL 239 

Passivation of the biosensor model surface with 1-octadecanethiol 

Yue Liu, yueliu@udel.edu, Andrew Teplyakov, Junghuei Chen.Chemistry and 
Biochemistry, University of Delaware, Newark, Delaware 19716, United States 

DNA biosensor model system was built on semiconductor substrate. The ssDNA 
oligomer with 5' and 3' ends modified with biotin and thiol respectively was covalently 
attached to the Si(111) substrate through sulfo-succinimidyl 4-(N-maleimidomethyl)-
cyclohexane-1-carboxylate (Sulfo-SMCC) crosslinker attached to a 11-amino-1-
undecene monolayer. The entire system was then exposed to streptavidin-coated gold 
nanoparticles. Following this last step, the remaining surface reactive sites were 
chemically blocked with 1-octadecanethiol (ODT). X-ray photoelectron spectroscopy 
(XPS) data showed increasing nitrogen concentration after dosing the surface with 
streptavidin-coated gold nanoparticles. Sulfur presence was detected and analyzed by 
the time-of-flight secondary ion mass spectroscopy. Fourier-transform infrared (FTIR) 
spectra indicated that a well-ordered monolayer was formed following passivation with 
ODT, which successfully blocked the unreacted surface sites. Atomic force microscopy 
showed a 1 nm decrease of apparent height of gold nanoparticles following ODT 
passivation. 



 

 
 

COLL 240 

Metal colloidal particles: Metallization of DNA origami structures 

Mukanth B Vaidyanathan1, mvaidyan@ucsd.edu, Preston B Landon1, 
plandon@ucsd.edu, Alexander H Mo2, Joon B Lee1, Mike B Hwang1, Lu B Yang1, 
Ratnesh B Lal1.  (1) Bioengineering, University of California, San Diego, La Jolla, CA 
92093, United States  (2) Materials Science and Engineering Program, University of 
California, San Diego, La Jolla, CA 92093, United States 

A new method to fabricate hollow colloidal metallic nano-bowls using a DNA 
metallization technique is presented. Hollow colloidal metallic nano-bowls were 
fabricated by the metallization of DNA organized onto the surface of sacrificial colloidal 
spheres. The thickness of the shells was controlled by changing the organized DNA 
structures as well as the metallization parameters. The inner diameter of resulting nano-
bowls was determined by the diameter of the spherical colloidal template. The data from 
the characterization of the particles using SEM, AFM, dynamic light scattering and 
plasmon resonance is presented. 

COLL 241 

Thermosensitive Copolymer Functionalized Nanoparticles 

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

In this presentation we will describe our use of 'smart' thermosensitive copolymers to 
functionalize gold nanoparticles. Polymers consisting of N-Isopropylacrylamide and 
Acrylamide units of tailored ratios were used to modify the gel transition temperature of 
the pNIPAAm-co-pAAm polymer. To facilitate binding to gold nanoparticles with sizes of 
11, 25, and 50 nm, a disulfide initiator was used and incorporated into the copolymer 
structure. Once functionalized, the copolymer-capped nanoparticles posses thermal 
properties very similar to the smart polymer. For example, once the transition 
temperature is reached, the polymer shell undergoes a hydrophilic to hydrophobic 
phase transition, which results in the reversible self-assembly of the nanoparticles. The 
structure of the copolymer brush layer, and the temperature induced self-assembly was 
probed via dynamic light scattering, and UV-vis monitoring of the nanoparticles surface 
plasmon resonance. Future application of these thermosensitive smart particles will also 
be discussed. 

COLL 242 



Assessing role of specific anions in templated crystal nucleation at the liquid-
liquid interface 

Kiersten Giusto, Morris Catherine, Paul Sanstead, Nick Florio, Courtney Veilleux, 
slee@iona.edu, Sunghee Lee, slee@iona.edu.Department of Chemistry, Iona College, 
New Rochelle, NY 10801, United States 

We investigated the specific anion effects of potassium salts of various anions upon the 
interfacially templated crystal nucleation of K2SO4 at a liquid-liquid interface. It was 
found that the presence of several salts at low concentrations could induce changes in 
important crystallization characteristics, and that these changes depended greatly on 
the specific identity of the salt. Surfactants studied included cationic and neutral 
surfactants. Addition of 10 mM of salts results in a diminution in efficiency of the 
templating capability of CTAB monolayer, as evidenced by higher levels of 
supersaturation required for crystal formation. The ability of the anions to perturb these 
values varied in a manner consistent with a Hofmeister series. Interestingly, DODAB 
maintained its templating effectiveness regardless of the nature of the salt or 
concentration. These studies have provided significant insights into the understanding 
of the interaction of ordered surfactant arrays with salts. 

COLL 243 

Role of Bacterial Surface Properties for the Adhesion of Silver Nanoparticles 

Seoktae Kang1, seoktae.kang@khu.ac.kr, Emma Jeong2, Hangsik Shin2.  (1) Civil 
Engineering, Kyung Hee University, Yongin-si, Republic of Korea  (2) Department of 
Civil and Environmental Engineering, KAIST, Daejeon, Republic of Korea 

The adhesion of silver nanoparticles to four species of gram-negative and gram-positive 
bacteria is systematically examined. In general, an increase in the ionic strength of the 
solution results in the increase of nanoparticle adhesion onto three bacterial species 1) 
by the collapse of electrical double layer repulsion as DLVO calculations indicated, and 
2) by the aggregation and subsequent adhesion of silver nanoparticles onto bacterial 
surfaces. However, DLVO theory does not fully explain the adhesion of silver 
nanoparticles onto gram-positive B. subtilis, which has significantly lower exopolymers 
on the cell wall. It is further suggested that the adhesion of silver nanoparticles in not 
only determined by the solution and surface chemistries, but also by the biological 
surface properties of bacteria. 

COLL 244 

Oligonucleotide Functionalized Quantum Dots 

Hyunjoo Han, hjhan@syr.edu, Valerie Valle, Mathew M. Maye.Department of 
Chemistry, Syracuse University, Syracuse, New York 13244, United States 



In this presentation we describe recent work on the functionalization of CdSe/ZnS 
quantum dots (qdots) with single stranded oligonucleotides (ssDNA) and histagged 
proteins. Two approaches were used. The first takes advantage of a histidine-mediated 
phase transfer protocol that results in qdots with high colloidal stability in aqueous 
buffers. The weakly bound histidine encapsulation facilitates monolayer exchanged with 
both thiolated ssDNA and polyhistidine-tagged proteins. The successful bio-modification 
at the qdot interface was probed by FRET analysis. The second route employs polymer-
wrapping the hydrophobic qdots with an amphiphilic polymer, followed by DNA 
conjugation. This approach results in larger hydrodynamic diameters, but improves the 
number of ssDNA bound to the qdot, which increases self-assembly efficiencies. The 
use of the DNA modified qdots to construct multi-color qdot clusters via bottom up solid-
state assembly will also be discussed. 
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Phase Transfer and Biofunctionalization of Qdots via the Histidine Mediated 
Phase Transfer Method 

Joshua Zylstra, joshzylstra@gmail.com, Robert P. Doyle, Mathew M. 
Maye.Department of Chemistry, Syracuse University, Syracuse, New York 13244, 
United States 

We describe a quantum dot (qdot) phase transfer protocol using ligand exchange and 
the amino acid histidine. The histidine molecule was chosen in order to first displace the 
organic encapsulation and second to provide a weakly chemisorbing intermediate at the 
qdot ionic interface. Because the histidine-capping is easily displaced by an assortment 
of different molecules while in aqueous buffers, we refer to this approach as modular. 
Characterization via FTIR and NMR revealed the extent of ligand exchange, and 
provide insights into the interfacial binding mechanism. The colloidal and photo stability 
of the qdots was probed via UV-vis and steady state fluorescence. The modularity of 
this approach is shown by tailoring the qdot surface charge via sequential ligand 
exchange using mixed-monolayers of carboxylic acid and polyethylene glycol 
terminated thiols. The ability of the histidine-capped qdots to bind proteins and other 
biomaterials will also be discussed. 
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New anionic-nonionic double-tail Surfactant for high-temperature and low-salinity 
Reservoirs 

Xiaodong Zhai, Xiaodong_Zhai@hotmail.com, Zhiqin Shen, Weidong Zhang, Yiqing 
Yang, Hui Zhang, Ou Sha, Yingcheng Li.SINOPEC Key Laboratory of surfactants for 
EOR, SINOPEC Shanghai Research Institute of Petrochemical Technology, Shanghai, 
Shanghai 201208, China 



An efficient and cheap surfactant being able to reduce oil-water interfacial tension (IFT) 
to ultra-low level (10-3mN/m) for high-temperature and low-salinity reservoirs' is rather 
difficult to obtain. Straight-tail EOR surfactants have inherently high co-solvent 
requirements while the surfactants with branched tails don't, for their tendency to form 
ordered arrays and undesired liquid crystal gels. Furthermore, the double-tail 
surfactants provide a facile and flexible route of constructing surfactants with larger 
hydrophobic tails that can be practiced on high-temperature and low-salinity reservoirs. 
The double-tail surfactants stemming from fatty acid methyl ester was synthesized and 
their interfacial tension behavior was investigated at 83oC, TDS of 9650mg/l and the 
surfactant concentration of 0.1wt %. The IFT minimum became lower and lower with the 
increase of the hydrophobic chains monotonically and even reached 10-4 mN/m level 
when n was 16. 

 

 
 

Fig. 1 chemical structure of the surfactants and their interfacial tension behavior 
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Relation between adhesion, friction and surface roughness. 

Shivaprakash N Ramakrishna, shivaprakash.ramakrishna@mat.ethz.ch, Lucy Y 
Clasohm, Prathima C Nalam, Akshata Rao, Nicholas D Spencer.Department of 
Materials, ETH - Swiss Federal Institute of Technology, Zurich, Switzerland 

The dependence of friction and adhesion forces on normal load is investigated on 
surfaces with stochastically arranged, identical nano-scale structures. A nanoparticle 
roughness gradient, with particle diameter 12 nm, is prepared to mimic a multiple-
asperity surface. 

 

 
 

Adhesion and friction measurements were conducted, along the roughness gradient, by 
means of polyethylene colloid-probe atomic force microscopy under perfluorodecalin. 
The results show that the adhesion force is proportional to the number of particles in 
contact and the measured friction is proportional to the observed adhesion. An abrupt 
increase in adhesion and friction values is observed when the colloid sphere touches 
the supporting substrate under low-particle-density conditions. A nonlinear dependence 
of friction with load is observed when the adhesion is high (high particle density). 
However at low particle densities, lower adhesion result in linear dependence of friction 
with load . Our result shows that the obtained friction forces for rough surfaces are 



proportional to real area of contact, where Areal is the product of the number of particles 
that come in contact with the contact area between the colloidal sphere and each 
nanoparticle. Contact mechanics are applied and a transition from a JKR to a DMT 
model is seen as the particle density decreases along the gradient. 
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Preparation of -NH-terminated-Si(111) surfaces through wet chemistry 

Fangyuan Tian, fangyuan@udel.edu, Douglass F Taber, Andrew V 
Teplyakov.Department of Chemistry & Biochemistry, University of Delaware, NEWARK, 
DELAWARE 19716, United States 

In this work, we present a new method to functionalize Si(111) surfaces with –NH- 
termination through wet chemistry at room temperature. Compared with previous Si-N 
based silicon surfaces preparation procedures, the greatest advantage of our work is 
that only mild reaction conditions are needed: no glove box or vacuum environment are 
required. Starting with a commercially available Si(111) crystal, Cl-terminated silicon 
sample was prepared by previously developed wet chemistry methods. Then, this 
surface was treated with a NH3/THF solution at inert conditions to obtain the –NH- 
terminated Si(111) surface. In order to identify the surface products after each 
modification step, the surface was monitored by infrared spectroscopy, X-ray 
photoelectron spectroscopy and time-of-flight secondary ion mass spectrometry. In 
addition, density functional theory calculations were employed to predict N 1s core-level 
energy and evaluate the possible reaction mechanisms. 
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Determination of Interfacial Velocity with Novel Fluorescence Approach 

Janet Wong, j.wong@imperial.ac.uk, Mourad Chennaoui, Aleks Ponjavic.Department 
of Mechanical Engineering, Imperial College London, United Kingdom 

Characterising the boundary condition at the solid-liquid interface is crucial to the 
understanding of physical phenomena such as friction, adsorption and mixing. In this 
presentation, the fluid velocity at the solid-liquid interface was measured with two 
fluorescence-based techniques. Firstly, the effect of shear rate on slip of a model 
polymer melt was examined by photobleached fluorescence imaging. Depending on 
shear rate, various flow regimes were observed. A critical shear rate exists above which 
the slip length increases with increasing shear rate. Pressure and molecular weight only 
play minor roles in this model system. Secondly, the interfacial velocity of an aqueous 
solution was measured in the proximity of a glass substrate with Förster Resonance 



Energy Transfer (FRET) imaging, which potentially allows measuring slip velocity less 
than 10 nm away from the surface. The effects of the surface chemistry and roughness 
on interfacial slip will be discussed. 
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Corrosion Detection in Oil-Based Systems with Fluorescence Imaging 

Janet Wong, j.wong@imperial.ac.uk, Mourad Chennaoui.Department of Mechanical 
Engineering, Imperial College London, United Kingdom 

Corrosion is one of the major failure mechanisms in metallic engineering components. 
The estimation of a component's corrosion resistance in its working environment is 
crucial to its safe operations. Most of the corrosion studies were performed in aqueous 
systems. Since engineering systems are often lubricated by oil-based lubricants, the 
effect of these lubricants on metal corrosion should not be overlooked. The low 
corrosion rate expected means a highly sensitive technique is required to observe 
corrosion in oil-based system. Fluorescence imaging, having single-molecule level 
sensitivity, was successfully applied in this corrosion study. Oil-based nano-emulsions 
were used as model lubricants. The effect of surface topography on the corrosion of 
Aluminium and Steel was investigated. Results show the proposed method is capable of 
monitoring early stage corrosion with good lateral resolution. Surface roughness has an 
effect on the corrosion rate with pits preferentially initiated in scratches. 
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Cytotoxicity Study of Various Metal Nanoparticles Conjugated in Polyelectrolyte 
Films 

Na-Hyun Shin, ll1213ll@naver.com, Kyung-Ha Lee, Sung Yun Yang.Department of 
Polymer Science and Engineering, Chungnam National University, Daejeon, Republic of 
Korea 

Recently, many nanomaterials have been considered new candidates as new functional 
materials. We have conducted research on modifying the surface of these nano-
structured materials using various metal nanoparticle-embedded systems. These 
organic-inorganic hybrid materials revealed multiplexed properties that may be applied 
for biological application. In this case, an excellent biocompatibility or no cytotoxicity 
may be the highly required property of the materials. We studied the surface properties 
of many different metal nanoparticle-hybridized polymer coatings including cytotoxicity. 
Some of them showed the excellent biocompatible, stealthy coating property. Cell 
adhesion and proliferation properties on these materials were also studied with an aid of 
micropatterning technique. 
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Reversible damage and repair of hydrophobic self-assembled monolayers 

Sonam Phuntsok, sphuntsok71@tigermail.qcc.cuny.edu, Derek A. 
Bruzewicz.Department of Chemistry, Queensborough Community College, Bayside, NY 
11364, United States 

Well ordered hydrophobic self-assembled monolayers (SAMs) are easily generated 
from octadecyltricholorosilane (OTS) or analogous thiols on a variety of surfaces, 
including glass, silicon, and metallic thin films. Oxidative damage to SAMs by sulfuric 
peroxide (piranha etch) controllably reduced the hydrophobicity of the organic surfaces 
as measured by goniometry (contact angle of water). Fourier-Transform infrared 
spectroscopy (FTIR) provided information about the orientation of organic chains in the 
damaged layers. Subsequent treatment of oxidatively damaged SAMs with OTS 
restored hydrophobicity. FTIR was used to investigate the ordering and orientation of 
the repaired SAMs under various conditions. The repaired organic layers served as 
models for two-dimensional surfaces, and may be useful substrates for analytical work 
that requires surfaces with controllable hydrophobicity. 

Reversible Damage and Repair of Hydrophobic Self-Assembled Monolayers 

COLL 253 

Verification of the Washburn capillary rise method for determinating contact 
angles of porous materials 

Suchata Kirdponpattara1,2, suchata_k@hotmail.com, Bi-min Zhang Newby2.  (1) 
Department of Chemical Engineering, Chulalongkorn University, Pathumwan, Bangkok 
10330, Thailand  (2) Department of Chemical and Biomolecular Engineering, The 
University of Akron, Akron, Ohio 44325, United States 

The Washburn capillary rise method has been commonly used to determine wettability 
of powder and porous materials. In particular, the rate of a liquid penetrating a 
cylindrical tube packed with the material of interests is used to determine the contact 
angle of the liquid on the material. However, material packing could greatly influence 
liquid penetration, thus contact angles. In this study, we determined the effect of 
packing on contact angle obtained using the method. Three polymers: polystyrene, 
poly(methyl methacrylate), and nylon 6/6, grounded into different sizes and packed 
differently into glass tubes were used. The results show that in most cases, the contact 
angles obtained using the Washburn capillary rise method were higher than those 
measured by the sessile drop method. A slower liquid penetration using large particles 
resulted in contact angles closer to those obtained by sessile drop. We then applied the 
optimal size/packing conditions to verify the feasibility of applying the method to obtain 
the wettability of a bacterial cellulose/alginate composite sponge. 
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Dynamic Infrared Spectroscopy of Self-Assembled Monolayers (SAMs) on Gold 
Surfaces 

Brian G Alberding, bga2@psu.edu, Benjamin J Lear.Department of Chemistry, 
Pennsylvania State University, University Park, Pennsylvania 16802, United States 

Dynamic infrared spectroscopy (DIRs) can determine the rate of fast (ps) exchange in 
molecular systems. This idea is known in solution from studies of the fluxional molecule 
Fe(CO)3(norbornadiene) and the H-bonding system CH3C≡N/MeOH. In this work, DIRs 
has been established at metal surfaces by functionalizing these known systems with 
undecanethiol chains for attachment to gold. Furthermore, dynamic effects were 
imposed by using mixed monolayer systems that either buried the active group within a 
surrounding longer-chain (1-octadecanethiol) monolayer or freely extended the active 
group outside of a shorter-chain (1-octanethiol) monolayer. Gold surfaces were 
prepared by the template stripping (TS) method from the following sandwich structure 
Si/SiO2/Au(1500 A)/OA/Glass, where OA = optical adhesive. Also, long- and short-
chain alkanethiol protected nanoparticle surfaces were obtained by the Brust method 
and then ligand substituted with the desired functionalized IR system. Exchange rates 
were determined by bandshape analysis of the ν(C≡O) and ν(C≡N) peaks. 
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Proton and UV Initiated “Respond-React” Micro Pumps 

Hua Zhang, huz111@psu.edu, Vinita Yadav, Ryan Pavlick, Wentao Duan, Ayusman 
Sen.Chemistry, The Pennsylvania State University, State college, PA 16801, United 
States 

Design and fabrication of “respond-react” micro-pumps which are capable of turning on 
by specific external signals (“respond”) and pumping the fluid in their vicinity (“react”) 
without external power source are highly desired for various applications such as 
microchips, drug delivery, artificial control of fluid and particles. Report of such system, 
however, is limited. Previously reported systems are bimetallic catalysts which 
decompose toxic hydrogen peroxide or hydrazine to produce electroosmotic flow of fluid 
and migration of tracers. However, the idea that micro-pump consumes chemical 
energy and then do work with turn on and off property has not been discovered fully. 
Our recent research successfully showed that other principle such as 
polymerization/depolymerization behavior, if carefully designed, could be used to 
generate fluidic flow. To further explore the possibility of making this type of microfluidic 
pumps, in this article, we demonstrate the principle of dynamic formation/dissociation of 
Schiff base and simple photo acid generator (PAG) could also be utilized to serve this 
purpose. 
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Layer-by-Layer assembled gold nanoparticles: Size-dependent cellular uptake 
and cytotoxicity 

Eva-Christina Wurster1, eva-christina.wurster@ur.de, Asmaa Elbakry1, Renate Liebl1, 
Reinhard Rachel2, Achim Goepferich1, Miriam Breunig1.  (1) Department of 
Pharmaceutical Technology, University of Regensburg, Regensburg, Germany  (2) 
Center for Electron Microscopy at the Institute for Anatomy, University of Regensburg, 
Germany 

The use of nanoparticles is a popular strategy for various drug and gene delivery 
applications. Common to all of those approaches is the internalization of nanoparticles 
by the target cells. This process is strongly influenced by the physicochemical 
characteristics of the nanomaterial, for example the particle size. To better understand 
those nano-bio interactions, we investigated the size-dependent uptake of layer-by-layer 
gold nanoparticles with nucleic acid as the therapeutic cargo and the known transfection 
agent branched poly(ethylene imine). We determined not only the optimal particle 
diameter for cellular uptake, but also considered for the first time the number of 
therapeutic cargo molecules per cell. Additional experiments showed that the 
cytotoxicity of poly(ethylene imine), was significantly reduced upon conjugation to the 
nanoparticle surface. In summary our results support the successful design of effective 
nanocarriers for drug and gene delivery applications. 
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Experimental study on the freezing of water-based nanofluid 

Ying Chen1, chenying@gdut.edu.cn, Lisi Jia2, Songping Mo1, chenying@gdut.edu.cn, 
Xing Li1, Xianglong Luo1.  (1) Faculty of Materials and Energy, Guangdong University of 
Technology, Guangzhou, Guangdong 510006, China  (2) College of Power 
Engineering, Chongqing University, Chongqing, China 

The effect of surfactants on the freezing of nanofluid was investigated. Titanium dioxide 
nanoparticles were added into deionized water to prepare nanofluids by using sodium 
dodecyl benzene sulfonate, polyvinylpyrrolidone and hexadecyl trimethyl ammonium 
Bromide as surfactants, respectively. The mass concentration of each surfactant varied 
from 0.01 to 1%. The particle size distributions of nanofluids were measured by a laser 
particle size analyzer. Nanofluid was put into a test tube and cooled at a constant 
temperature until it freezed. The results showed that different surfactants had different 
effects on the supercooling degree of nanofluid. The relationship among the Gibb's free 
energy of nucleation, the degree of supercooling, the contact angle and the radius of 
solid substrate was analyzed. It was found that the supercooling degree didn't depend 
upon the size of the nano-aggregates, but was mainly decided by the contact angle, 
which strongly lied on the surfactant adsorption on nucleation sites. 
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Investigation on the thermal conductivity of lauric acid-based nanofluid 

Ying Chen1, chenying@gdut.edu.cn, Xing Li1, Songping Mo1, chenying@gdut.edu.cn, 
Lisi Jia2, Xianglong Luo1.  (1) Faculty of Materials and Energy, Guangdong University of 
Technology, Guangzhou, Guangdong 510006, China  (2) College of Power 
Engineering, Chongqing University, Chongqing, China 

Fatty acids can be used as phase change materials for thermal energy storage; 
however, they have very limited applications so far due to their low thermal 
conductivities. This study conducted a two-step method to add TiO2 nanoparticles into 
lauric acid to improve its thermal conductivity. The morphologies of TiO2/lauric acid 
nanofluids with different particle weight fractions of 0.5% to 2% were examined by 
scanning electron microscopy and showed good dispersion of TiO2 nanoparticles in 
lauric acid. The effect of weight fraction of TiO2 nanoparticles on the thermal 
conductivity of nanofluid was investigated by laser flash method. As the weight fraction 
increased, the thermal conductivity of TiO2/lauric acid nanofluid increased. TiO2 
nanoparticles at a weight fraction of 2% could increase the thermal conductivity of lauric 
acid by 42.7%. A theoretical model of nanofluid thermal conductivity was established. 
The values calculated by the model were in good agreement with the experimental data. 
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Omnidirectional antireflective and mechanically stable superhydrophobic 
surfaces from nanostructured ormosil colloids 

Adem Yildirim1,2, ademy@bilkent.edu.tr, Muhammed C Ghaffari2, Bihter Daglar1,2, 
Hulya Budunoglu1,2, Tural Khudiyev1,2, Ali K Okyay1,2,3, 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 Electrical and Electronics Engineering, Bilkent University, 
Ankara, Turkey  (4) Department of Physics, Bilkent University, Ankara, Turkey 

Achieving superhydrophobicity and antireflection in a single coating would be very 
beneficial for solar cells and other outdoor photovoltaic devices, optical lenses, and 
windows. Herein, we report the preparation of superhydrophobic surfaces with 
omnidirectional and broadband antireflection property from nanostructured organically 
modified silica (ormosil) colloids. The colloids can be easily coated large areas with spin 
or spray coating methods. The water contact angle of the coating is close to 160° and 
water droplets easily roll off from its surface at around 10° tilting. Also, it exhibits visible 
to NIR antireflection at both normal and oblique incidence angles. Furthermore, coating 
is mechanically robust against excessive water dripping and thermally stable up to 500 
°C. When this multifunctional superhydrophobic coating is used on a dye synthesized 
solar cell (DSSC) it improves the solar cell efficiency about 25% and provides self-
cleaning property. 
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Disruption of phosphatidylcholine lipid assemblies by perfluorobutanesulfonate 

E Davis Oldham1, edward-oldham@uiowa.edu, Wei Xie1, Amir M Farnoud2, Jennifer 
Fiegel2,3, Hans-Joachim Lehmler1,4.  (1) Department of Occupational and Environmental 
Health, University of Iowa, Iowa City, Iowa 52242, United States  (2) Department of 
Chemical and Biochemical Engineering, College of Engineering, University of Iowa, 
Iowa City, Iowa 52242, United States  (3) Department of Pharmaceutical Sciences and 
Experimental Therapeutics, University of Iowa, Iowa City, Iowa 52242, United States  
(4) Interdisciplinary Graduate Program in Human Toxicology, University of Iowa, Iowa 
City, Iowa 52242, United States 

Perfluoroalkyl acids (PFAAs) such as perfluorobutanesulfonate (PFBS) are persistent 
environmental contaminants due to their widespread industrial production and chemical 
inertness. Their mechanisms of toxicity may involve partitioning into lipid bilayers. We 
investigated the interaction between PFBS and phosphatidylcholine (PC) lipid 
assemblies (i.e., dimyristoyl-, dipalmitoyl- and distearylphosphatidylcholine) using 
fluorescence anisotropy and Langmuir monolayer techniques. PFBS decreased the 
transition temperature and transition width of PC bilayers. The apparent membrane 
partition coefficients ranged from 4.9 x 102 to 8.2 x 102. These values were independent 
of PC chain length. In Langmuir monolayer studies the limiting molecular area (LMA) 
increased and the surface pressure at collapse of the PCs decreased in a 
concentration-dependent manner. The compressibility of all three PCs was decreased 
by PFBS. In summary, PFBS disrupted PC monolayers and bilayers, indicating potential 
for PFBS to be a human toxicant. 
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Soft Particle Passage through Nanopores 

Grant R Hendrickson1, ghendrickson@gatech.edu, Deric A Holden2, Henry S White2, 
Andrew Lyon1.  (1) School of Chemistry and Biochemistry, Georgia Institute of 
Technology, Atlanta, GA 30332, United States  (2) Department of Chemistry, University 
of Utah, Salt Lake City, UT, United States 

Mechanically soft colloids, specifically microgels, have drawn interest in biotechnology 
due in part to their similarity in modulus to cells and tissues, their chemical diversity, and 
their wealth of free space for solutes. With increasing interest in these particles as 
delivery vehicles, application of different experimental methods are needed for 
accessing design rules for processes such as loading capacity, particle dissolution, 
protein fouling, circulation times, tumor penetration and renal clearance. Here, resistive 
pulse analysis (RPA) of microgel passage through glass capillary nanopores allows for 
study of the passage parameters, particle stiffness, and ionic content of microgels on a 
signal particle basis. In addition to accessing the specific design rules for allowing 
passage through small pores, RPA should provide direct single particle characterization 
of other nanotechnological parameters such as solute loading and particle degradation. 
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Colloidal Supported Metal Nanoparticles (CSMNs) as Recyclable Nanocatalysts 
for Heck Cross-Coupling Reactions 

Kalyani Gude, kalyani.gude@gmail.com, Radha Narayanan.Department of Chemistry, 
University of Rhode Island, Kingston, Rhode Island 02881, United States 

Transition metal nanoparticles act as attractive catalysts because of their large surface-
to-volume ratio. The two major traditional types of nanocatalysts are colloidal metal 
nanoparticles and those adsorbed onto bulk supports. The colloidal supported metal 
nanoparticles (CSMNs) are an intermediate class of nanocatalysts that combine the 
advantages of heterogenous catalysts in a near homogeneous format. We have 
synthesized silica colloids and covalently attached palladium nanoparticles onto their 
surface to form CSMNs. The CSMNs are characterized using TEM and EDS. We have 
tested the use of CSMNs as recyclable nanocatalysts for the Heck cross-coupling 
reaction and monitored the kinetics of the reaction by using HPLC. The recycling 
potential of the CSMNs as nanocatalysts will be compared to that of palladium 
nanoparticles adsorbed onto bulk supports that have the same % palladium content. 
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Nanocatalysts derived from Au or Pt-alloy on NiFe and CeO2 nanopartricles: A 
study of catalytic CO oxidation 

Shiyao Shan, sshan2@binghamton.edu, Lefu Yang, Yan Liu, Lingyan Wang, Jin Luo, 
Jun Yin, Rameshwori Loukrakpam, Abrar Ahmed, Chuan-Jian Zhong.Department of 
Chemistry, State University of New York at Binghamton, Binghamton, New York 13905, 
United States 

The ability to engineer the surface structure of metal, alloy, or metal oxide nanoparticles 
is essential for harnessing the nanoscale catalytic properties. This report describes 
recent findings of an investigation of catalysts derived from Au-deposited NiFe alloy 
nanoparticles (NiFe@Au) and Pt-alloy deposited CeO2 nanoparticles (Pt-alloy/CeO2). 
Examples will focus on the catalytic oxidation of carbon monoxide on these catalysts. 
NiFe@Au was shown to exhibit enhanced catalytic activity for CO oxidation in 
comparison with Au supported on iron oxide particles, in which the difference in O2 
insertion due to slightly different lattice change as a function of Ni/Fe ratio was believed 
to play an important role. For Pt-alloy/CeO2, a combination of the oxygen activation on 
Pt-alloy and on CeO2 was responsible for the observed enhancement of activity. 
Implications for exploring these catalysts in preferential oxidation of CO in water gas 
shift reaction for hydrogen production will also be discussed. 
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Gold/silver coated magnetic nanoparticles: synthesis and characterization 



Liqin Lin1,2, linliqin1984@gmail.com, Elizabeth Crew1, Lingyan Wang1, Shiyao Shan1, 
Lefu Yang1, Jin Luo1, Qingbiao Li2, Chuan-Jian Zhong1.  (1) Department of Chemistry, 
State University of New York at Binghamton, Binghamton, New York 13902, United 
States  (2) Department of Chemical and Biochemical Engineering, Xiamen University, 
Xiamen, Fujian 361005, China 

Magnetic nanoparticles coated with gold or silver (M@Au or M@Ag) have found 
increasing applications in biomedical diagnostics and specific targeting, and in catalytic 
reactions as well. A key challenge to the exploration of these applications is the ability to 
control the core-shell morphology, the magnetic core based function, and the gold or 
silver based surface chemistry. In this presentation, recent results in an investigation of 
the synthesis of the M@Au and M@Ag nanoparticles with controllable size, 
morphology, magnetic function and surface properties will be discussed. Examples of 
the magnetic cores will focus Fe3O4, MnZnFe2O4, NiFe, and other alloy nanoparticles. In 
addition to characterization of the magnetic properties, the surface properties of the 
nanomaterials are characterized by surface plasmon resonance, surface enhanced 
Raman scattering, biomolecular immobilization, surface catalytic reactivity, and 
antibacterial activity. Implications of the findings for a better design of the core-shell 
nanostructures will also be discussed. 
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Thin film assembly of nanoparticles on flexible sensor devices: Device bending 
and strains 

Jun Yin1, jyin1@binghamton.edu, Jin Luo1,2, jluo@binghamton.edu, Mei Shan Ng1, 
Susan Lu3, Chuan–Jian Zhong1.  (1) Department of Chemistry, State University of New 
York at Binghamton, Binghamton, NY 13902, United States  (2) NSCscale, Inc., Vestal, 
NY 13850, United States  (3) Department of Systems Science and Industrial 
Engineering, State University of New York at Binghamton, Binghamton, NY 13902, 
United States 

The ability to precisely control the effect of wrapping or bending adaptability on chemical 
sensing properties of flexible sensors with nanoparticle assemblies as the sensing 
materials in various complex sensing environments requires a fundamental 
understanding of the electrical correlation with the device strain. In this presentation, 
new findings of an investigation of molecularly– mediated thin film assembly of gold 
nanoparticles on flexible chemiresistor devices under different device strains and 
exposure molecules will be described. Both theoretical and experimental data have 
revealed that the electrical conductivity of the nanoparticle assembly depend on a 
combination of the device strain and the chemical/physical nature of the exposure 
environment. The findings on the correlation of the response sensitivity to the strain 
directions (tensile vs. compressive strain), and the orientation of the microelectrode 
patterns with respect to the device strain direction are also discussed, along with some 
initial results from high cycle bending fatigue experiments under different mechanical, 
thermal, and environmental loadings. 
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Molecular Dynamics Simulations of Alkylsilane Monolayers on Silica 
Nanoasperities: Impact of Surface Curvature on Monolayer Structure and 
Pathways for Energy Dissipation in Tribological Contacts 

Bradley W. Ewers, bewers@tamu.edu, James D. Batteas.Department of Chemistry, 
Texas A&M University, College Station, Tx 77842, United States 

Self-assembled monolayers of alkylsilanes have been studied in tribological applications 
as a means to eliminate adhesion and wear in silicon based microelectromechanical 
systems (MEMS) devices. Unfortunately, they are easily damaged during incidental and 
intentional contact of surfaces, and roughness on the nanoscale, which focuses contact 
pressures to asperity contacts, plays a major role in their failure. Complementing prior 
studies employing AFM and FTIR, molecular dynamics simulations were performed to 
determine how nanoscopic curvature at asperities affects the pathways of heat and 
pressure dissipation in these films on a molecular scale. Simulated silica nanoparticles 
functionalized with alkylsilanes were used to simulate functionalized asperities. 
Tribologically relevant properties were examined, including gauche defect density and 
exposed silica surface. Surface curvature had a moderate direct effect on these 
properties, but more substantially, films on surfaces with nanoscopic curvature were 
found to have lower packing densities, which had a much greater impact on film 
integrity. 
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Reactivity Control in Peptides using Reverse Micelle-forming Amphiphilic 
Homopolymers 

FENG WANG, fwang@chem.umass.edu, Andrea Gomez-Escudero, Rajasekharreddy 
Ramireddy, Gladys Murage, Richard W Vachet, Sankaran Thayumanavan.Department 
of Chemistry, University of Massachusetts at Amherst, Amherst, MA 01003, United 
States 

Reverse micelle formed by amphiphilic homopolymer with negative charges at its 
hydrophilic segment has been shown to extract specific peptides from mixtures based 
on electrostatic interaction. We have investigated the reactivity of peptide towards 
labeling reagent inside this negative charged reverse micelle. We demonstrate that by 
changing pH, we can easily achieve selective labeling of different functional groups of 
the peptide. Furthermore, labeling study is carried out in free buffer and positive 
charged amphiphilic polymer to understand the principles that dictate this selectivity. 
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Avoiding the formation of cracks in hard colloidal films 



Jacob H Prosser1, prosserj@seas.upenn.edu, Teresa Brugarolas1, Steven Lee1, Adam 
J Nolte2, Daeyeon Lee1.  (1) Chemical & Biomolecular Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, United States  (2) Chemical 
Engineering, Rose-Hulman Institute of Technology, Terre-Haute, Indiana 47803, United 
States 

Cracks form in hard colloidal films during drying because the normal stress imposed by 
the suspending medium through interfacial tension gives rise to a transverse stress in 
the plane of the film that exceeds the tensile stress the substrate-bound particles which 
are in a close packed arrangement can withstand. The tensile stress at the onset of 
cracking has been demonstrated to only depend on the film thickness, particle shear 
modulus, particle packing fraction, and the liquid-air interfacial tension. This indicates 
that for a given particle type, solvent, and film compaction mechanism, cracking will only 
be observed above a critical film thickness. But our recent experiments have uncovered 
that with subsequent deposition of thin crack-free, hard nanoparticle layers, films having 
thicknesses above the theoretically predicted and experimentally observed critical 
values can be constructed. This suggests that a close packed film composed of hard 
nanoparticles behaves simply as a rigid substrate. 

COLL 269 

Cyclohexane Dehydrogenation Catalyzed by Silica Supported Pt-Au Model 
catalysts 

Long Chen, chenlong2004@126.com, Yunxi Yao, Zhen Yan, Li Liu, D. Wayne 
Goodman.Department of Chemistry, Texas A&M University, College Station, Texas 
77840, United States 

Bimetallic Pt-Au model catalysts were prepared on SiO2 thin films under ultra-high 
vacuum (UHV) conditions. The surface composition and morphology of these model 
catalysts were characterized by Auger electron spectroscopy (AES), infrared reflection 
adsorption spectroscopy (IRAS) and temperature programmed desorption (TPD) with 
CO as a probe. Au is found to be enriched on the surface of bimetallic Pt-Au clusters. 
Both IRAS and TPD results indicate CO adsorption on Pt is weakened by the addition of 
Au. Cyclohexane dehydrogenation over the Pt-Au/SiO2 model catalysts were 
investigated under near atmospheric pressures (105 Torr, C6H12 : H2 = 1 : 20) in a batch 
reactor contiguous to the UHV chamber. Benzene production is found to be strongly 
enhanced by Au, reaching a maximum at a surface composition of ~75 atom% Au and 
declining thereafter. Post-reaction AES indicates carbon deposition is greatly 
suppressed by the addition of Au to Pt. The enhancement of the cyclohexane 
dehydrogenation to benzene by Au is explained by the reduction of carbon deposition 
and ensemble size effects. 

COLL 270 

Nitric oxide-releasing silica particles as anti-plaque therapeutics 



Christopher J Backlund, Backlund@unc.edu, Mark H Schoenfisch.Department of 
Chemistry, The University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, 
United States 

Nitric oxide (NO) is a key mediator of multiple physiological processes including 
neurotransmission, blood pressure, and the immune response to pathogens. As such, 
much work has focused on the development of NO-release scaffolds as 
pharmacological therapeutics. For example, we and others have reported on the 
synthesis of NO-releasing silica particles as antibacterial agents. Herein, we describe 
the synthesis and efficacy of NO-releasing particles against putative dental pathogens. 
Free-floating cultures of Streptococcus mutans and Aggregatibacter 
actinomycetemcomitans were exposed to NO-releasing silica particles with different 
NO-release kinetics (half-life) but similar NO totals. The minimum bactericidal 
concentrations (MBCs) of the particles were determined after 2h to evaluate the efficacy 
of the NO-release kinetics. This study demonstrates NO's potential to eradicate dental 
pathogens, with insight to the future development of NO-releasing silica particles as 
anti-plaque oral therapeutics. 

COLL 271 

Monolayer film composition and substrate morphology effects on the redox 
actuation of microcantilevers functionalized with ferrocenylalkanethiolates 

Eric R. Dionne1,2, diochem@gmail.com, Antonella Badia2.  (1) Department of 
Chemistry, Université du Québec à Montréal, Montréal, QC H3C 3P8, Canada  (2) 
Department of Chemistry, Université de Montréal, Montréal, QC H3C 3J7, Canada 

Microcantilevers are devices capable of transducing chemical interactions into a 
quantifiable nanomechanical motion via surface stress changes. Despite the potential to 
detect biomolecules at the part-per-trillion (10-12 M) level, microcantilever sensors suffer 
from an irreproducible analytical response because the origin of the cantilever deflection 
is poorly understood. In order to gain a better fundamental understanding of the 
molecular interactions that induce the deflection motion, we have investigated the origin 
of the surface stress changes that arise during the electrochemical oxidation of gold-
coated microcantilevers functionalized with model self-assembled monolayers of 
ferrocenylalkanethiolates.[1,2] Our most recent work has focused on the effects of the 
monolayer film composition and the underlying gold substrate morphology. This poster 
shows how the gold surface roughness and the ferrocenylalkanethiolate surface 
coverage influence the electrochemistry and actuation of the functionalized 
microcantilever. 

References  

[1] Norman, L., Badia, A., J. Am. Chem. Soc., 2009 , 131, 2328 

[2] Norman, L., Badia, A, J. Phys. Chem. C., 2011 , 115, 1985 



COLL 272 

Functionalized imidazolium-based gemini surfactants capable of a reversible, pH 
dependent response 

Nate D Urban1,2, nathaniel.urban@colorado.edu, Douglas L Gin1,2, Richard D Noble2, 
Brian Wiesenauer1.  (1) Department of Chemistry and Biochemistry, University of 
Colorado at Boulder, Boulder, Colorado 80309-0215, United States  (2) Department of 
Chemical and Biological Engineering, University of Colorado at Boulder, Boulder, 
Colorado 80309-0424, United States 

A new class of functional imidazolium-based, gemini surfactants has been synthesized. 
The two charged imidazolium units that act as hydrophilic headgroups surround a 
ketone with an enhanced chemical equilibrium that readily favors the hydrate or enol 
form in mildly basic or acidic aqueous media. This reversible equilibrium opens the door 
to the design of chemically dynamic micelles and ordered lyotropic liquid crystal (LLC) 
phases capable of responding to changes in the pH of the surrounding solvent 
environment. The design and synthesis of these new responsive gemini imidazolium 
surfactants and the effect of the reversible equilibrium on their micelle and LLC phase 
formation will be discussed. 

COLL 273 

Tuning the order and structure of nanoparticle monolayers with opposing 
particle-particle and particle-surface potentials 

John J Kelley1,2, john.kelley@wpafb.af.mil, Michael L Jespersen1, Jennifer A Luna-
Singh1, Richard A Vaia1.  (1) Materials and Manufacturing Directorate, Air Force 
Research Laboratory, WPAFB, OH 45433, United States  (2) UES, Inc., Dayton, OH 
45432, United States 

Gold nanoparticle (AuNP) assemblies have uses in a wide range of technologies, such 
as catalysis, sensors, antennas, electronics, and medicine. Top-down approaches, e.g., 
nanolithography, provide complex non-periodic structures with high precision, but at 
high cost, low throughput and limited lateral coverage. On the other hand, bottom-up 
approaches, e.g., Langmuir-Blodgett deposition and micro-contact printing, allow for 
rapid construction of periodic nanostructures with fewer limitations on lateral coverage. 
These colloidal approaches, though, struggle with controlling structural characteristics 
and integrating into traditional device fabrication approaches. Recent simulations have 
indicated that additional structural control for these approaches could be afforded by 
combining repulsive particle-particles potentials with attractive particle-surface 
potentials. The effect of parameters such as ligand chemistry (citrate or 
mercaptopropanesulfonate), AuNP solution ionic strength (10-5 - 1 M) and AuNP 
concentration (10-12 - 10-7 M) on the order and density of AuNP assemblies is 
discussed. In addition, effects of post-assembly treatments, e.g., thermal annealing and 
exposure to salt solutions, are considered. Experiments indicate that the order and 



density of AuNP assemblies are predominately governed by the nature of the deposition 
solution (i.e., concentration, ionic strength and pH) along with the charge state of 
adsorbate head groups. Also, it is observed that post-assembly treatments minimally 
influence the order of electrostatically-bound AuNPs, thus indicating inherently strong 
particle-surface interactions. The processing-structure correlations elucidated by these 
studies have implications for technologies necessitating large area, deliberately 
designed nanoscale arrays, including next-generation MEMS, plasmonic and 
photovoltaic technologies. 

COLL 274 

DNA-Capped Gold Nanoparticles as Delivery Vehicles for Anticancer Drugs, 
Doxorubicin and Actinomycin D 

Colleen M. Alexander1,2, cmalex01@syr.edu, Mathew M. Maye1,2, James C. 
Dabrowiak1,2.  (1) Department of Chemistry, Syracuse University, Syracuse, New York 
13244, United States  (2) Syracuse Biomaterials Institute, Syracuse University, 
Syracuse, New York 13244, United States 

We have recently developed and implemented a drug delivery vehicle based on DNA-
capped gold nanoparticles (NPs). Using the known DNA-intercalating properties of 
many chemotherapy agents, we have designed NPs to load up to 200 drugs/NP, using 
sequence specific intercalation. For example, the frontline chemotherapy drugs 
doxorubicin (DOX) and actinomycin D (ActD) have been employed. The mechanism for 
cooperative binding, and the relative binding constants have been probed by monitoring 
the melting transition of the dsDNA capping, by the swelling of the hydrodynamic 
diameter by DLS, and via gel electrophoresis. The cytotoxicity of these encoded 
nanocarriers was also evaluated using neuroblastoma cancer cells. These results, and 
recent work on a multifunctional second-generation system will also be discussed. 

COLL 275 

PMDI and stearic acid as coupling agents to improve interfacial adhesion for 
glass fiber reinforced polymer composites 

Yagang Zhang, ygzhang@illinois.edu, Wumanjiang Eli.Xinjiang Technical Institute of 
Physics and Chemistry, Chinese Academy of Sciences, Urumqi, Xinjiang 830011, China 

Glass fiber reinforced polymer composite holds great potential for advanced materials 
applications. Organosilanes are widely used as coupling agents for glass resin 
composites. We report here using poly(diphenylmethane diisocyanate) (PMDI), and 
stearic acid as coupling agents to improve interfacial adhesion for glass fiber reinforced 
polymer composites. Resin (PE/PP/epoxy/PS/PET/PBT) are mixed with PMDI (1%-3% 
of resin) and stearic acid (0.3%-1% of resin). Glass fiber (10%-30% of resin) is added 
and mixed. The resulting mixture is heated according to the resin used and mixed with 
stirring. Results show this coupling method greatly improves impact strength and tensile 



strength and water resistance of the polymer composites. The working mechanism is 
that PMDI react with the hydroxyl groups on glass surface and stearic acid to form 
urethane or amide which build a bridge between the two phases through hydrogen 
bonding, Van der Waals and chain entanglements. 

COLL 276 

A new way to pattern, structure and actuate hydrogels by current-induced ion 
binding 

Daniel Morales, dhmorale@ncsu.edu, Etienne Palleau, Michael Dickey, Orlin 
Velev.Department of Chemical and Biomolecular Engineering, North Carolina State 
University, Raleigh, North Carolina 27695-7905, United States 

Polyelectrolyte hydrogels provide a soft platform capable of forming three-dimensional 
shapes for tissue scaffolding and drug delivery. As the hydrogels can also be stimuli 
responsive, patterned hydrogels can now find applications in soft robotics and shape 
memory materials. We present a method utilizing metal ion complexation by an electric 
field to imprint a predetermined shape onto a hydrated poly(acrylamide-co-sodium 
acrylate) gel. This provides a skeletal backbone which controls the 3D structure formed 
during shrinking, depending on the environment. This rapid and efficient method is 
promising since it is low cost and requires simple equipment and materials. The 
patterned stiffening is fully reversible when the gels are exposed to solutions of 
chelators such as EDTA. We will report how the bending characteristics change as a 
function of solvent immersion time, imprinting duration, and copper ion binding equilibria 
and will demonstrate how they can be applied to make a hydrogel “grabber” in alcohol. 

COLL 277 

Stable Carbon Nanotubes (CNTs) as Potential Water Pollutants 

Chintal Desai, cbd3@njit.edu, Somenath Mitra.Departement of Chemistry and 
Environmental science, New Jersey Institute of Technology, Newark, NJ 07102, United 
States 

With the advent of nanotechnology, there is the possibility of contamination of water 
resources with nanoparticles. While hydrophillic particles disperse easily in water, it is 
possible that hydrophobic particles may stabilize in presence of solvents. The possibility 
of anti-solvent precipitation of Octadecylamine functionalized multiwall carbon 
nanotubes (MWCNT-ODA), where water acts as an anti-solvent is presented.Colloidal 
behavior was studied using a dynamic light scattering and particle aggregation was 
found to increase with the addition of electrolytes, with Tetrahydrofuran (THF) and 
Ethanol showing the maximum effect. This material forms highly stable dispersions in 
different water/solvent systems, and the particle sizes ranged from 170 to 400nm. The 
aggregation behavior of the antisolvent precipitated system did not follow the 
conventional Derjaguin–Landau–Verwey–Overbeek (DLVO) theory, which was different 



from what has been reported previously for hydrophilic, water soluble f-CNTs. Based on 
this study, it is evident that hydrophobic f-CNTs are potential water pollutants. 

COLL 278 

Green-synthesis of biocidal silver nanoparticles with sialyllactose as a reducing 
agent and an increased freeze-drying stability using sucrose and trehalose 

Hwa Jung Noh1, scoo1614@naver.com, A-Rang Im2, Hyun-Seok Kim3, Jae Kyung 
Sohng4, Chong-Kook Kim1, Yeong Shik Kim2, Seonho Cho3, Youmie Park1, 
youmiep@inje.ac.kr.  (1) College of Pharmacy, Inje University, Gimhae, Gyeongnam 
621-749, Republic of Korea  (2) Natural Products Research Institute/College of 
Pharmacy, Seoul National University, Seoul, Republic of Korea  (3) National Creative 
Research Initiatives (NCRI) Center for Isogeometric Optimal Design, Seoul National 
University, Seoul, Republic of Korea  (4) Department of Pharmaceutical Engineering, 
Sun Moon University, Asansi, Chungnam 336-708, Republic of Korea 

We report a green-synthesis of silver nanoparticles (AgNPs) with sialyllactose as a 
reducing agent. High resolution-transmission electron microscopy and atomic force 
microscopy images revealed spherical and amorphous AgNPs with an average 
diameter of 23.64 nm. From FT-IR spectra, the N-H amide of sialyllactose may 
contribute to the binding of AgNPs. 2,3-Sialyllactose-reduced AgNPs are composed of 
54.3 wt% organic components and 45.7 wt% metallic silver. The biocidal activity against 
20 different Gram-positive and Gram-negative bacteria showed approximately 8-fold 
improvement when compared with sialyllactose alone. The use of carbohydrate 
stabilizers was employed to increase the freeze-drying stability. The most effective 
stabilizers were found to be sucrose and trehalose. Furthermore, AgNPs exhibited 
excellent salt and on-the-shelf stabilities in the presence of these stabilizers. The 
derivatives of sialic acid are known to be anti-influenza agents; thus sialyllactose-
reduced AgNPs might offer as valuable biocidal agents to manage both pathogenic 
bacteria and viruses. 

COLL 279 

Surface Modification of Zinc Oxide Nanorods with Zn-Porphyrin via Metal-Ligand 
Coordination for Photovoltaic Applications 

Juhyun Park, jpark@cau.ac.kr, Yebin Lee, adish6@naver.com, Jungtae Kim.School of 
Chemical Engineering and Materials Science, Chung-Ang University, 221 Heukseok-
Dong, Dongjak-Gu, Seoul 156-756, Republic of Korea 

We modify ZnO nanorods with Zn-porphyrin to obtain the improved characteristics of 
energy transfer, which is further investigated for the applicability to photovoltaic devices. 
A nitrogen heterocyclic ligand containing a thiol group is covalently grafted onto the 
surface of finely structured ZnO nanorods with a length of 50~250nm and a diameter of 
15~20 nm. Zn-porphyrin is then attached to the ligand molecules by the mechanism of 



metal-ligand axial coordination which is confirmed by using TEM, XPS, FT-IR, and UV 
spectroscopy exteriments. 

 

 
 

The resulting energy band diagram constructed from UPS data suggests that the 
porphyrin-modified ZnO nanorods might provide an efficient pathway for energy transfer 
upon being applied to photovoltaic devices. 93%of photolumenescence quenching is 
observed. 

COLL 280 

Fabrication of TiO2 inverse opal films coated with noble metal 

Yeeun Kang, whitehj1204@hanmail.net, Kyungho Song, Seong-Geun Oh.Department 
of Chemical Engineering, Hanyang University, Seoul, Seoul 133-791, Republic of Korea 

Titanium dioxide (TiO2) is a promising material because it has very special properties 
such as large band gap, good photoactivity, nontoxicity, high chemical stability, and so 
on. Therefore, TiO2 is utilized in many areas including photocatalysts, gas sensors, 
photovoltaic cells. 

In this study, we fabricated the TiO2 inverse opal (TIO) films through dip coating process 
via modified sol-gel method. The inverse opal structure has large surface area and it 
makes to improve the phtocatalytic performance of TiO2. After that, a small amount of 
noble metal was coated on the surface of TIO films through photodeposition method to 
inhibit charge carrier recombination and enhance the photoactivity. This noble metal-
deposited TIO films can be used as a developed photocatalyst. 

The resultant samples were characterized by FE-SEM, XPS and UV-Vis spectroscopy. 
Furthermore, photocatalytic activity was analyzed by decomposition of MB. 

COLL 281 

Influences of surfactants and calcination temperature on the morphology and 
thermal property of alumina-grafted manganese oxide nanocomposites prepared 
by coprecipitation method 

Boseong Kwon, bossung@hanyang.ac.kr, Jun-Hwan Park, Seong-Geun 
Oh.Department of Chemical Engineering, Hanyang University, Seoul, Republic of Korea 

In this research, alumina-grafted manganese oxide nanoparticles were synthesized 
successfully through coprecipitation method. Manganese and aluminium salts and 
ammonium hydroxide were used as starting reagents and a precipitation agent, 



respectively. Also, various surfactants such as polyoxyethylenesorbitan monolaurate, 
hexadecyltrimethylammonium bromide, and sodium dodecyl sulfate were added into the 
reaction medium. The effects of these surfactants on the formation and crystal structure 
of Al2O3-coated manganese oxide were studied by the variation of their concentrations. 
In addition, the temperature of heat treatment for samples was controlled to examine its 
influence on the thermal stability of composites. The synthesized alumina-Mn oxide 
nanocomposites were characterized by FE-SEM, TEM, XRD, and EDS. The thermal 
properties of prepared composites were investigated by using DSC and TGA. 

COLL 282 

Molecular interactions between model membranes and ionic liquids 

Hyunil Ryu1, Hui-Soo Jang1, Sun Min Kim2, Tae-Joon Jeon1, tjjeon@inha.ac.kr.  (1) 
Department of Biological Engineering, Inha University, Incheon, Republic of Korea  (2) 
Department of Mechanical Engineering, Inha University, Republic of Korea 

Model cell membranes composed with phospholipids or polymers are useful tools to 
study the molecular interactions of cell membranes, providing fundamental information 
in biophysics. In this work, we study various interactions of model cell membranes in the 
presence of ionic liquids(ILs). ILs are often called as green solvent due to the low-
volatility, non-flammability and electrical conductivity. However, several researches 
have shown that the ILs may be toxic to living organisms while the exact mechanism of 
cytotoxicity is not well studied. Our results suggest that the cytotoxicity is attributed to 
the membrane perturbation by ILs. Our work elucidating molecular interactions between 
model cells and ILs will provide important information in the design of greener solvent, 
as well as sensor applications. 

COLL 283 

Morphology and thickness of sol-gel derived ZnO thin films 

Soyoung Lee, s0215y@hanmail.net, Taeho Kang, Jun-Hwan Park, Seong-Geun 
Oh.Department of Chemical Engineering, Hanyang University, Seoul, Seoul 133791, 
Republic of Korea 

ZnO thin films were fabricated by using the ZnO nanoparticles dispersed in organic 
solvent. Firstly, the nano-sized ZnO particles were prepared by hydrolysis and 
condensation of zinc acetate dihydrate using potassium hydroxide in methanol. 
Secondly, the synthesized ZnO nanoparticles were dispersed in suitable amounts of 
organic solvents. Because they were agglomerated by high surface energy, 2-(2-
methoxyethoxy)acetic acid was used as a ligand to stabilize ZnO dispersions. Finally, In 
order to fabricate ZnO thin films, ZnO dispersions were coated on the glass substrate by 
spin coating and dip coating processes. The film thickness and morphology were 
influenced by various factors such as viscosity and boiling point of organic medium and 



kind of coating method. The characterizations were performed by using FE-SEM, TEM, 
DLS, XRD, and UV-Vis spectrophotometer. 

COLL 284 

Effects of PVP molecular weight on the formation of Ag/TiO2 composites with 
echinoid morphology via alcohol reduction method and their photocatalytic 
activities 

Inseok Jang, insukz@hanyang.ac.kr, Kyungho Song, Seong-Geun Oh.Department of 
Chemical Engineering, Hanyang University, Seoul, Seoul 133-791, Republic of Korea 

Ag nanoparticles were immobilized on the echinoid-like TiO2 particles via alcohol 
reduction process with poly(vinyl pyrrolidone) (PVP) of different molecular weights 
(Mw.). The size of Ag nanoparticles prepared by using PVP K15 (Mw.: 10,000) and K30 
(Mw.: 40,000) were 12-15 nm and 19-31 nm, respectively. On the other hand, Ag 
nanoparticles were not formed when PVP K12 (Mw.: 3,500) was used. The crystal 
structure of Ag nanoparticles formed on TiO2 was face-centered cubic silver phase and 
the chemical states of Ag nanoparticles were Ag+ and Ag0. The photocatalytic 
performance was enhanced by Ag deposition. Among the samples, the prepared 
Ag/TiO2 composite by using PVP K15 exhibited better photocatalytic activity than other 
composites due to its higher Ag coverage on the TiO2 surface. The characterizations of 
prepared particles were performed by hi-resolution transmission electron microscopy 
(HR-TEM), selected area diffraction (SAED), X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS). 

COLL 285 

Interaction of organic-functionalized luminescent cadmium chalcogenide clusters 
with small organic molecules in water 

Naoto Fukunaga1, f-naoto@ees.hokudai.ac.jp, Yukatsu Shichibu2, Katsuaki Konishi2.  
(1) Graduate School of Environmental Science, Hokkaido University, Sapporo, 
Hokkaido 060-0810, Japan  (2) Faculty of Environmental Earth Science, Hokkaido 
University, Sapporo, Hokkaido 060-0810, Japan 

Cadmium chalcogenide nanoparticles and clusters (e.g. CdS, CdSe) have attracted 
much interest because of their prominent photoluminescence (PL) properties arising 
from the semiconductor character. We take notice of organic-functionalized clusters 
derived from neutral clusters “Cd10E4(SPh)12” (E = S, Se) and have studied their PL 
response towards the recognition-based guest binding events at the organic-inorganic 
interface. In this study we show that water-soluble clusters having an inner alky-chain 
layer and outer PEG layer exhibit selective turn-on PL responses to lipophilic phenols 
such as bisphenol A and 4-nonylphenol in aqueous media. The results of control 
experiments revealed that the PL response arises from guest accommodation near the 
inorganic core through the hydrophobic interaction and hydrogen bonding interaction 



involving the phenolic OH group. We also report the results of studies on the factors that 
affect the optical properties and responses to the organic guest molecules. 

COLL 286 

Preparation of TiO2 nanorod array/Echinoid-like particles double-layer film for 
Dye-Sensitized Solar Cells 

Kyungho Song, skh123123@hanmail.net, Inseok Jang, Seong-Geun Oh.Department 
of Chemical Engineering, Hanyang University, Seoul, Seoul 133791, Republic of Korea 

Dye-sensitized solar cells (DSSCs) were intensively studied in the last two decays as 
alternatives to conventional silicon-based solar cells because of its low cost and 
relatively high power conversion efficiency. TiO2 semiconductor structure is one of the 
major components in DSSCs and influences on power conversion efficiency 
significantly. To obtain high power conversion efficiency, large surface area and fast 
electron transport rate is required. 

In this study, we report a double-layer structure for DSSCs consisting of TiO2 nanorod 
array and echinoid-like particles. TiO2 nanorod array film offers direct pathway of 
electrons resulting in fast electron transfer rate. Echinoid-like particles, which are 
synthesized by our group earlier, have large surface area, resulting in increasing the 
amount of adsorbed dye. This double-layer structure satisfies both fast electron transfer 
rate and large surface area which are important factors for the high power conversion 
efficiency. 

COLL 287 

Effect of water on the synthesis of diphenyl carbonate by the oxidative 
carbonylation of phenol over Pd/AC 

Zhang Guanglin1, Wang Shengping2, spwang@tju.edu.cn.  (1) Chemical Engineering 
and Technology, Hebei University of Technology, Tianjin, Tianjin 300130, China  (2) 
Chemical Engineering and Technology, Tianjin University, Tianjin, Tianjin 300072, 
China 

The system Pd/AC/ Ce(OAC)3 /BQ(benzoquinone), in combination with 
tetrabutylammonium bromide(TBAB) as a surfactant agent is an efficient catalyst for the 
oxidative carbonylation of phenol to diphenyl Carbonate(DPC). The existence of water 
has a significant effect on the synthesis of diphenyl carbonate by the oxidative 
carbonylation of phenol. It can be deduced that the critical value of water content is 
1.3wt% by experiments. Based on the XRD results, active components in the catalyst 
have agglomerated to big crystal with the existence of water, which makes catalyst 
deactivated. Based on the XPS results, water hindered the recycle of Pd(0) to Pd(Ⅱ), 
resulting in the increase of Pd(0), as well as the decrease of catalyst activity. 



COLL 288 

Photocurrent Generation by Phospholipid-Assembled Conjugated 
Oligoelectrolytes and Nile Red 

Juhyun Park1, jpark@cau.ac.kr, Yebin Lee1, adish6@naver.com, Jungtae Kim1, 
jjang8851@naver.com, Il Seung Yang2, Seong Keun Kim2.  (1) School of Chemical 
Engineering and Materials Science, Chung-Ang University, 221 Heukseok-Dong, 
Dongjak-Gu, Seoul 156-756, Republic of Korea  (2) Department of Chemistry, Seoul 
National University, 1 Gwanak-ro, Gwanak-gu, Seoul 151-742, Republic of Korea 

We present that conjugated oligoelectrolytes (COEs) can be a new type of light 
sensitizers useful for photocurrent generation. We build up a light-harvesting system in 
which 4,4'-bis(4'-(N,N-bis(6”-(N,N,N-trimethylammonium)hexyl)amino)-styryl)stilbene 
tetraiodide (DSSN+ ) assembled in lipid bilayers and Nile red embedded in an alkyl thiol 
layer are directionally ordered onto a gold electrode, and explore the photocurrent 
generation upon light irradiation. 

 

 
 

The photoexcited electrons are effectively transferred from the DSSN + to the electrode 
whose surface is normal to the long molecular axis of DSSN +. When we employ Nile 
red as an acceptor whose absorption spectrum is well overlapped with the emission 
spectrum of DSSN +, the photocurrent can be even more enhanced in the virtue of 
fluorescence resonance energy transfer (FRET). 

COLL 289 

Sizing of graphene oxide particles in solution 

Samik A Das2, Andrew J Oyer1, andrew.oyer@uconn.edu, A. Jaeton Glover3, Hannes 
C Schniepp3, Douglas H Adamson1,2.  (1) Institute of Materials Science, Polymer 
Program, University of Connecticut, Storrs, Connecticut 06269, United States  (2) 
Department of Chemistry, University of Connecticut, Storrs, Connecticut 06269, United 
States  (3) Department of Applied Science, The College of William and Mary, 
Williamsburg, Virginia 23185, United States 

Graphene oxide (GO), formed by exfoliating oxidized graphite, is analyzed to determine 
the physical dimensions of a population of sheets, an important parameter in the 
development of new micro technologies and processes. Graphene was oxidized under 
specific conditions (time etc.), and the resulting solid was sonicated in DI water for an 
hour. The resulting suspension was then analyzed via disc centrifuge, atomic force 
microscope, and particle size analyzer. Due to the nonuniformity of the suspensions, a 



broad range of sizes is observed. Refinement for the measurement techniques and 
sample preparation has led to samples with well-characterized sheet size populations. 

COLL 290 

Chemical functionalization of reduced-graphene oxide for self-assembly 

Adam H Woomer2, andrew.oyer@uconn.edu, Andrew J Oyer1, Douglas H Adamson1,2.  
(1) Institute of Materials Science, Polymer Program, University of Connecticut, Storrs, 
Connecticut 06269, United States  (2) Department of Chemistry, University of 
Connecticut, Storrs, Connecticut 06269, United States 

Functionalization of graphene oxide sheets prepared by Hummers' method was 
accomplished through reaction of graphene oxide with a diazonium salt solution. Pre 
and post-reduction of graphene oxide was used to increase nitration of sheets and 
remove remaining oxygen functionalities, respectively. Nitrated graphene oxide was 
then subjected to reduction by iron, in an attempt to reduce the nitro functionality to an 
amine. Analysis was performed throughout synthesis of nitrated graphene oxide and 
iron reduction. Both nitrated graphene oxide and aminated graphene oxide were studied 
for their capacity to form self assembled structures. 

COLL 291 

Producing cellulose acetate nanoparticles by the "ouzo" effect 

Xingfei Zhao, xzhao07@syr.edu, William T Winter.Cellulose Research Institute and 
Department of Chemistry, SUNY-ESF, Syracuse, NY 13210, United States 

The “ouzo” effect is a nanoprecipitation technique for producing polymeric 
nanoparticles. A spontaneous emulsification occurs when an aqueous phase is mixed 
rapidly with the polymer-containing organic phase. The process is mild and has a lower 
energy input relative to alternative processes. To date little data is available for the 
production of polysaccharide nanoparticles through this simple and rapid technique. 

In this study, stable and uniform cellulose acetate nanoparticles were prepared using 
the “ouzo effect” in a cellulose acetate/acetone/water system. Cellulose acetate was 
supersaturated with water after rapid diffusion of acetone solvent into the aqueous 
phase, inducing a nucleation controlled aggregation. With different conditions the 
measured nanoparticle diameters ranged from 100-200 nm, with a PDI less than 0.2. 
The particle diameter was sensitive to solution composition in agreement with a 
nucleation-aggregation mechanism. The resulting biocompatible and biodegradable 
nanoparticles of cellulose acetate could be potentially used as drug carriers. 

COLL 292 



The self-assembly of a macroion with anisotropic surface charge density 
distribution 

Fadi Haso1, fah210@lehigh.edu, Tianbo Liu1, Xikui Fang2.  (1) Department of 
Chemistry, Lehigh University, Bethlehem, PA 18015, United States  (2) Ames 
Laboratory, Ames, IA 50011, United States 

The self-assembly of a macroion, K56Li74H14 [MnIII
40P32WVI

224O888]144_ .ca.680H2O, was 
monitored using dynamic and static light scattering along with transmission electron 
microscopy techniques. The macroion possesses inhomogeneous surface charge 
density which makes its self-assembly behavior very unique. In solvents where the 
charge density inhomogeneity is significant, the counter-ion mediated attraction among 
the macroions is directional which results in rod-like assemblies. On the other hand, in 
solvents which promote non-directional hydrogen bonding between the macroions, the 
macroions self-assemble into spherical blackberry-type structures which have been 
observed in many other macroionic systems with homogeneous surface charge. The 
two types of morphologies are interchangeable. We propose that this work will open a 
new route for assembling macroions to different morphologies by tuning their surface 
charge distribution and/or solvent. 
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Microporous molecular networks synthesized by organic sol-gel method for gas 
storage and separation 

Su-Young Moon, msy1609@gist.ac.kr, Jas-Sung Bae, Eunkyung Jeon, Minseon 
Byeon, Ji-Woong Park.Department of Materials Science and Engineering, Gwangju 
Institute of Science and Technology, Gwangju, Republic of Korea 

Microporous molecular networks were synthesized by organic sol-gel polymerization 
with tetrakis(4-aminophenyl)methane and various diisocyanate monomers. The organic 
sol-gel method indicated two-stage mechanism involving the formation of colloidal 
dispersions and the subsequent growth to monolithic networks by solvent evaporation. 
The colloidal organic networks prepared with various structures of diisocyanates 
exhibited different gelation time, critical concentration and porosity. The organic 
molecular networks processed into the nanoparticles, bulk or film from sol showed high 
thermal stability and chemical resistance. The microporosity of molecular networks was 
characterized by carbon dioxide isotherm at 273K and the adsorption selectivity of these 
porous materials toward CO2, CH4 and N2 was calculated from single-component-
isotherm by IAST calculation. These polyurea networks indicated exceptionally high 
adsorption selectivity for CO2, over CH4 or N2. (This work was supported by a Korea 
Science and Engineering Foundation (KOSEF) grant [2010-0026421] funded by the 
Korean government (MEST)) 
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Luminescent metal-organic frameworks for sensing and adsorption of toxic 
industrial chemicals 

Jared B DeCoste1, jared.b.decoste2.ctr@mail.mil, Amanda L. Jenkins2.  (1) Edgewood 
Chemical Biological Center, Aberdeen Proving Ground, MD 21010, United States  (2) 
Science Applications international Corporation (SAIC), Gunpowder, MD 21010, United 
States 

Metal-organic frameworks (MOFs) are a leading class of porous materials for their 
adsorption, gas storage, and catalytic properties. Recently, luminescent MOFs, many of 
which incorporate lanthanides, have been explored for their sensing capacities. Novel 
MOFs of the form M2(isophthalic acid)(3-oxoglutric acid)2 [M=Dy, Sm, or Y] have been 
synthesized and characterized. These MOFs have shown luminescent changes upon 
the adsorption of toxic industrial chemicals (TICs) including ammonia, sulfur dioxide, 
and cyanogen chloride. The adsorption events were quantified with breakthrough 
experiments and characterized with laser induced fluorescence, ATR-FTIR, and MAS 
NMR to determine the adsorption mechanism for each TIC/MOF combination. The 
changes in luminescent properties, coupled with high adsorption capacities, make these 
MOFs ideal for sensing and filtration applications. 
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Fabrication of two dimensional supramolecular structures via pH-induced 
hydrogen bonding: An electrochemical scanning tunneling microscopy study 

Sepideh Afsari Mamaghani, sepideh@temple.edu, Zhihai Li, Eric Borguet.Department 
of Chemistry, Temple University, Philadelphia, Pennsylvania 19122, United States 

Understanding the effect of external parameters, e.g., pH and electrochemical potential, 
on the ordering of two-dimensional architectures is important and has many potential 
applications in molecule-based devices, nanoelectronics and biosensors. In this study, 
triaminobenzene (TAB) and terephthalic acid (TPA) were chosen to explore the role of 
pH-induced hydrogen-bonding in the formation of two-dimensional nanostructures in 
acidic, neutral and basic solutions under potential control on Au(111). TPA forms long 
range ordered supramolecular adlayer in sulfuric acid and moderately acidic solution 
(pH ~ 5.5), presumably driven by hydrogen bonding. However, no ordered pattern of 
TAB was detected in sulfuric acid in contrast to TPA. At pH ~ 5.5, TAB forms different 
ordered domains on negatively charged Au(111). In addition, we address the formation 
of a hybrid structure of TPA with TAB and the interaction among molecules having 
different functional groups to build up pH-induced ordered domains. 
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Unique self-assembly behaviors of the inorganic-organic polyoxometalate (POM)-
based trimer hybrid materials in acetone/water solutions 



Baofang Zhang1, baz211@lehigh.edu, Tianbo Liu2, Leroy Cronin3.  (1) Department of 
Chemistry, Lehigh University, Bethlehem, PA 18015, United States  (2) Department of 
Chemistry, Lehigh University, Bethlehem, PA 18015, United States  (3) school of 
chemistry, the university of Glasgow, university Avenue, Glasgow G12 8QQ,, Scotland, 
United Kingdom 

Trimer hybrid materials TBA15H3[{P2V3W15O59(OCH2)3CNHCOCCH}3] and 
TBA15H3[{P2V3W15O59(OCH2)3CNHCOC}3] represent a novel class of hybrid materials. 
The stability of the hybrid molecule is greatly enhanced by the stable covalent bonds 
between the POMs with the linker. The trimer hybrid materials can self-assemble in 
acetone/water mixed solvents with acetone content 75 ~ 95vol%. Laser light scattering 
was used to monitor the self-assembly process. It shows that the hybrid cluster can 
form vesicle-like structures in solution with size ranging from 39 nm to 70 nm. TEM 
results further prove the vesicular assemblies. The trimer hybrid with more polarity linker 
can form smaller vesicle than the trimer hybrid with less polarity under the same 
conditions. Although the hydrophobic interaction involves the self-assembly process, the 
charge-regulation blackberry mechanism plays a major role, because there are more 
charges on the three POMs. The current research may provide useful information about 
drug delivery and nano-reactors. 
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Dendronized Gold Nanoparticles for siRNA Delivery 

YI-CHEUN YEH, yicheun@gmail.com, Sung Tae Kim, Apiwat Chompoosor, Sarit S. 
Agasti, David J. Solfiell, Vincent M. Rotello.Department of Chemistry, University of 
Massachusetts-Amherst, Amherst, Massachusetts 01003, United States 

Gold nanoparticles (AuNPs) functionalized with dendritic ligands provide a scaffold for 
effective small interfering RNA (siRNA) delivery. AuNPs were capped with different 
generations of dendritic ligands via Murray place-exchange reaction, resulting G0-AuNP 
, G1-AuNP and G2-AuNP . These dendronized ligands feature biodegradable glutamic 
acid scaffolds and cationic moieties that interact electrostatically with negatively 
charged siRNA. Higher generation of dendronized AuNPs, G2-AuNP , presented higher 
loading efficiency of siRNA and generated stable self-assembled nanoplexes at 
NP/siRNA ratio of 2. To investigate the siRNA delivery efficiency of G2-AuNP , siRNA 
mediated knockdown of beta-galactosidase (beta-gal) expression was studied in SVR-
bag4 cells. The result indicated the G2-AuNP down-regulated beta-gal expression by 
~50% with minimal toxicity. Dendronized AuNPs possess the benefits of polymeric 
delivery vehicles while minimizing toxicity through use of non-toxic core functionality. 

COLL 298 

Functionalizable immobilized membrane mimetic systems based on tethered 
bilayer lipid membrane 



Valentinas Gruzdys, gruzdys1@gmail.com, Yong Ma, Rui Jiang, Hailong Zhang, Xue-
Long Sun.Chemistry, Cleveland State University, Cleveland, Ohio 44115, United States 

Cell membrane mimetic systems play fundamental roles as models in understanding 
biomolecular interactions on the cell surface and provide a tool in developing products 
for biomedical research and applications. Tethered bilayer lipid membrane (tBLM) has 
been applied in biosensing, drug delivery, biocatalysis, and cellular recognition studies 
due to its ability to mimick complex biomembranes. In the past, tBLM has provided a 
tool to study protein adsorption, ion transport, and membrane mechanical properties. 
We report functionalizable tBLM fabrication based on liposome immobilization, rupturing 
and fusion processes. Introduction of triphenylphosphine (TP) lipid into liposome allows 
it to immobilize onto an azide surface via Staudinger ligation. Its rupture followed by a 
second liposome fusion leads to the tBLM formation, which contains TP for further 
modifications on surface. The tBLM was functionalized with azide-containing glycans 
and biotin in chemically selective fashion under biocompatible conditions, and thus 
provides an approach for multifunctional membrane mimetic system fabrication. 
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Development and Characterization of Platinum Silicide as a Tunable Contact 
Material for NEMS Switches 

Frank Streller1, streller@seas.upenn.edu, Graham E. Wabiszewski2, Gianluca Piazza3, 
Robert W. Carpick1,2.  (1) Department of Materials Science and Engineering, University 
of Pennsylvania, Philadelphia, Pennsylvania 19104, United States  (2) Department of 
Mechanical Engineering and Applied Mechanics, University of Pennsylvania, 
Philadelphia, Pennsylvania 19104, United States  (3) Department of Electrical and 
Computer Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, 
United States 

Nanoelectromechanical systems (NEMS) switches have been identified by the 
International Technology Roadmap for Semiconductors as a possible "beyond CMOS" 
technology. However, the reliability of the contact interface is currently a key challenge 
for the commercialization of these devices. This motivates the need for contact 
materials that are highly conductive, chemically inert, minimally adhesive, and 
amenable to CMOS fabrication processes. Platinum silicide (PtxSi) is a promising 
candidate material that may satisfy these complex demands. In the present study, PtxSi 
has been formed using high vacuum (HV) annealing of amorphous silicon (a-Si) and 
platinum (Pt) bilayers. Differences in the formation behavior of the resulting silicides 
were then characterized using in-situ and ex-situ X-ray photoelectron spectroscopy. 
These experiments showed for the first time that the surface chemical composition of 
PtxSi formed through a-Si and Pt diffusion may be tuned by changing the amount of a-Si 
available during silicidation. This gives direct control over the selection of highly 
conductive and chemically inert Pt-rich variants, or low-adhesion Si-rich forms. 
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Self-assembly of CdSe0.5S0.5 Quantum Dots 

Jill Sledziewski1, jes410@lehigh.edu, Shaohua Li2, Zhonghua Peng2, Tianbo Liu1.  (1) 
Department of Chemistry, Lehigh University, Bethlehem, PA 18015, United States  (2) 
Department of Chemistry, University of Missouri - Kansas City, Kansas City, MO 64110, 
United States 

The self-assembly behavior of macroins in solution has been shown to be affected by 
several factors including changes in charge, pH, and polarity. The well-defined shape, 
size, and charge of the monodispersed molecules in solution allows for the assembly 
process through counterions and electrostatic interactions. Similar self-assembly 
behavior is now observed in another macroion which has not been previously studied. 
CdSe0.5S0.5 quantum dots have been shown to form hollow spheres in solutions of 
ethanol. The presence of the hollow spheres has been confirmed using dynamic light 
scattering, static light scattering, and transmission electron microscopy. Current 
research is to selectively change the size of these particles with hopes of future 
biological applications. 
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Stable, Functional and Processable Organosilver Sols 

Bhanu P. S. Chauhan, Aimen Khawaja, khawajaa1@student.wpunj.edu, Swetha 
Matam, MATAMS@wpunj.edu.Engineered Nanomaterials Laboratory, Department of 
Chemistry, William Paterson University, Wayne, NJ 07470, United States 

Active metal nanoparticles are a very versatile class of building blocks because of their 
unique size dependent electronic, optical, and electrical property profile. Particularly, 
silver sols are very interesting class of materials due to their applications in the field 
such as catalysis, targeted drug delivery, SERS (surface enhanced Raman 
spectroscopy), photography, and as anti-bacterial agents. Though, there have been 
tremendous progress in the development of the new routes to prepare organo silver 
sols but still there is need to develop high yielding, mild and reliable processes to make 
silver nanoparticles in organic solvents. 

In recent years we have been investigating silane mediated reductions of metal slts to 
produce metal nanoparticles, which can be in-situ stabilized with the silicon based 
materials or with another stabilizing agents. In this work, we will present a very general 
process for reducing the silver salts in organic solvents. Stable silver nanoparticles were 
successfully synthesized and they were analyzed using different techniques like UV-
Visible Spectroscopy, AFM, SEM, TEM and EDS. A comparative study of the reducing 
property of various functional silanes was investigated in presence of extra stabilizing 
agents such as amines and phosphines. The stability studies of the resulting 
nanoparticles were also undertaken and were monitored using UV-vis spectroscopy. 
Reactions were also carried out using different organic solvents to investigate solvent 
stabilization. 



COLL 302 

Chemical and tribological properties of a CVD-deposited TiCN coating on a steel 
substrate 

Timothy Miller1, millerti@udel.edu, Jia-Ming Lin1, Laurent Pirolli2, Laurent Coquilleau2, 
Rajesh Luharuka2, Andrew V Teplyakov1.  (1) Department of Chemistry and 
Biochemistry, University of Delaware, Newark, DE 19716, United States  (2) 
Schlumberger Technology Corporation, Sugarland, TX 77478, United States 

Titanium carbonitride (TiCN) is commonly utilized for a variety of purposes, ranging from 
tool protective coatings to microelectronic electron diffusion barriers. Depending on the 
coating's ultimate use, different techniques are needed to deposit the coating onto the 
substrate. Here, the TiCN was deposited by chemical vapor deposition from the 
organometallic precursor tetrakis-dimethylamino-titanium onto a 4140-series steel 
substrate at 600 K. A clean, uniform layer was observed with a Ti:C:N composition of 
1:1:1. The topography of the coating and underlying substrate was examined by atomic 
force microscopy. The chemical and electronic states of the coating and the substrate 
were investigated by X-ray photoelectron spectroscopy. The uniformity of the film was 
confirmed by the time-of-flight secondary ion mass spectroscopy as well as 
transmission electron microscopy. The TEM results also showed a well-defined 
interface between the TiCN coating and the steel. Finally, the coating's Young's 
Modulus was compared to that of steel. 
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Three peak-single chirality fluorescence of functional banded single wall carbon 
nanotubes 

Alexandra H Brozena, abrozena@gmail.com, Yin Zhang, Jarrett D Leeds, YuHuang 
Wang.Department of Chemistry and Biochemistry, University of Maryland, College Park, 
MARYLAND 20742, United States 

Optical properties of semiconducting single-wall carbon nanotubes (SWNTs) are highly 
dependent on the environmental and physical state of these nanostructures. Molecular 
adsorption, charge transfer, and bundling all contribute to low fluorescence quantum 
yield, but covalent functionalization is particularly known to eliminate SWNT 
fluorescence. However, recent studies have indicated that the location of organic 
functional groups on the SWNT lattice has a dramatic effect on optical properties. 
Functional banded SWNTs created by the Billups-Birch reduction propagation chemistry 
maintain optical absorption and fluorescence characteristics associated with non-
functionalized SWNTs. Two new peaks are also observed on the fluorescence spectra. 
Systematic investigation of the dependence on degree of functionalization, functional 
groups and reduction chemistry suggests these peaks derive from exciton trapping by 
functional bands and possibly the reduced SWNT state due to localization of electrons 
at defect sites. 
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Fundamental Analysis of Polymer Domain Separation 

Spencer L Giles1, spencer.giles@nrl.navy.mil, Nicholas Heller2, Clive Clayton2, James 
H Wynne1.  (1) Chemistry Division, Naval Research Laboratory, Washington, DC 20375, 
United States  (2) Materials Science and Engineering, Stony Brook University, Stony 
Brook, New York 11794, United States 

Phase separation of incompatible polymer systems has been the subject of recent 
reports, with special attention devoted to the fundamental understanding of how to 
reproducibly control and utilize this phenomenon on demand. Although there are a 
variety of methods for controlling such functionality, our group has focused attention on 
the creation of nano-phase separation through synthetic design and stoichiometry. 
Individual and polymer systems were analyzed using multiple techniques including 
differential scanning calorimeter (DSC), dynamic mechanical analysis (DMA) for bulk 
analysis, while laser scanning confocal microscopy and atomic force microscopy were 
utilized to analyze the coating surface-air interface. Evidence of phase separation was 
observed in the DSC and DMA thermograms via the appearance of two distinct glass 
transitions. Laser scanning confocal and atomic force microscopy techniques provide 
visual evidence of the phase separation on cured films of the individual and 
combinatorial polymer systems. The laser scanning confocal microscopy technique was 
employed to monitor the phase separations in addition to changes that resulted in 
surface roughness of cured films. 
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Nanoparticle surface structure regulates cellular uptake mechanisms 

Krishnendu Saha, ksaha@chem.umass.edu, Sung Tae Kim, Bo Yan, Oscar R 
Miranda, Felix S Alfonso, Vincent M Rotello.Department of Chemistry, University of 
Massachusetts Amherst, Amherst, MA 01003, United States 

Nanoparticle surface functionality plays an important role in cellular uptake and can 
induce different cytotoxic responses. Designing nanoparticles with improved therapeutic 
efficacy requires a systematic understanding of their interaction with the cell membrane 
and subsequent transport into the cell. In this study, we have demonstrated that the 
subtle changes in the surface monolayer of gold nanoparticles can dictate its endocytic 
mechanisms, mostly involving dynamin, scavenger receptors, and lipid raft-dependent 
pathways. Moreover, different uptake mechanisms were observed in malignant and 
non-malignant cells for the same nanoparticle. Through the appropriate choice of 
nanoparticle surface functionality, endocytic mechanisms can be regulated to improve 
targeting specificity and minimize cytotoxicity. 
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Mechanistic study of the production of hydrogen gas during the fabrication of 
silver nanoparticles 

Gabriel M Feeley, gabrielfeeley@gmail.com, Mallory L Hinks, David 
Pullman.Department of Chemistry and Biochemistry, San Diego State University, San 
Diego, CA 92182, United States 

A standard method of fabricating silver nanoparticles is the reduction of silver ions by 
sodium borohydride (NaBH4) in the presence of a suitable capping agent. In our 
experiments, we use silver nitrate as the source of silver ions and sodium citrate as the 
capping agent. The goal of our current study is to determine the mechanism of the 
reaction. In the work described here, we present results on the time evolution of 
hydrogen gas produced both during the reaction and after it is complete. Through 
control experiments, the H2 contribution from the reaction of NaBH4 with water has been 
subtracted, and through isotopic labeling experiments, the source of the H atoms in the 
H2 has been determined. In order to monitor the various products, we have constructed 
a special mass spectrometer apparatus which allows us to quantitatively collect and 
monitor the gas products of the reaction. 
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Conjugated polymer assemblies on graphitic surfaces 

Matthew D. McInnis1,2, mdmcinnis@knights.ucf.edu, Jianhua Lui1,2, Lei Zhai1,2.  (1) 
Department of Chemistry, University of Central Florida, Orlando, Florida 32826, United 
States  (2) Department of Nanoscience and Technology, University of Central Florida, 
Orlando, FL 32826, United States 

Conjugated polymers (CPs) can effectively disperse carbon nanotubes (CNTs) in 
organic solvents by coating CNT surfaces, blocking aggregation, and imparting the 
solubility of the CP to the CNTs. CPs are known to form 1D macromolecular structures 
as crystaline wires nanometers in width and up to microns in length and some can 
crystalize from the surface of CNTs. To form conjugated polymer nanowires (CPNWs) 
on graphitic surfaces, the CP must be adsorbed in such a way as to produce a flat 
growth front for crystalization. CPNW formation on CNTs or graphene could provide a 
bottom-up approach to produce viable organic electronic devices. Through in situ UV-
Vis spectroscopy and TEM microscopy, CP conformation on graphitic surfaces is 
systematically investigated by observing the formation of CPNWs on CNTs of varying 
diameter to link polymer structure and CNT diameter to the formation of CPNWs and 
shed light on CP/CNT interaction. 
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Large area build-up of polyelectrolyte multilayers by spraying - Dependence of 
film thickness uniformity on spray conditions 



Suzanne Eisenberger, Joseph Lavoie, joseph.lavoie1@us.army.mil, Stephanie 
Marcott, Ramanathan Nagarajan.Molecular Sciences and Engineering Team, Natick 
Soldier Research, Development and Engineering Center, Natick, MA 01760, United 
States 

We have investigated the film uniformity of polyelectrolyte multilayer films generated by 
a spray layer-by-layer build-up process on a substrate that is 0.3 m x 0.3 m in size. The 
few available reports of multilayer build-up by spray systems in the literature have been 
limited to relatively small substrate areas, less than 0.05 m x 0.05 m. The spray system 
described here has been designed to cover a large spray area as much as 0.5 m x 0.5 
m and for preparing polyelectrolyte multilayers on conformable substrates such as 
polymer films or textile materials. Four spray nozzles are mounted on one surface of the 
spray unit to deliver different polyelectrolyte solutions or wash water. A movable surface 
holds the substrate on which the multilayers are to be deposited. The standoff distance 
between the nozzles and the substrate can be changed from few cm to more than 50 
cm in this unit. A controller mounted on the spray unit exterior, controls the spray 
duration from each nozzle, the duration of and interval between deliveries from one 
nozzle to another and also the sequence of delivery of the solutions. The following test 
parameters were evaluated: spray pressure, standoff distance from nozzle to target 
substrate, the time durations of sprays, time delay between sprays from one nozzle to 
another and specific sequence of spray events. The thickness of multilayer films formed 
were measured by ellipsometry at 16 locations at various radial and angular positions 
on the substrate. We report the variation in the measured film thickness as a function of 
the spatial location and various spray parameters. 
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Micellar Properties and Hemolytic Activities of Nearly Discrete Cholestanol-PEGs 

Winston R Becker1, wbecker@vt.edu, Liang Chen1, Brian Kim1, Trevor Parker1, 
Stefanie Karangelen1, Lillian Clark1, Caroline Yoon1, Alan R Esker1, Joseph O 
Falkinham2, Richard D Gandour1.  (1) Department of Chemistry, Virginia Tech, 
Blacksburg, Virginia 24060, United States  (2) Department of Biological Sciences, 
Virginia Tech, Blacksburg, Virginia 24060, United States 

Poly(ethylene glycol)-lipids (PEG-lipid) are key components for developing drug delivery 
vehicles, biomaterials, and tissue scaffolds. For example, PEG-lipids comprise stealth 
liposomes for delivering drugs. A robust series of Cholestanol-PEG (n = 9–215, PDI 
<1.05)  

 
 
 
polymers were examined to probe physicochemical properties essential to saftey. 
Critical micelle concentrations (CMCs) were measured with dye release and surface 
tension methods in phosphate-buffered saline (pH 7.4) and water. Hemolytic activity 
was measured by the release of heme at 595 nm. Values of CMC gradually decreased 



with increasing PEG length. Hemolytic activity was observed in compounds with short 
chain lengths; chain lengths > 80 showed no hemolytic activity ≤ 1 mg/mL. Hemolytic 
activity peaked at chain lengths between 19 and 23. These experiments provide 
information about the behavior of Cholestanol-PEG of different chain length in a 
biological environment, which is a necessary step in order to construct safe drug 
delivery vehicles. 
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How to prevent coffee-ring formation: Effects of substrate wettability, roughness, 
and chemical homogeneity 

Lanhe Zhang, Wei Chen, weichen@mtholyoke.edu.Department of Chemistry, Mount 
Holyoke College, South Hadley, MA 01075, United States 

Evaporation-induced self-assemblies of poly(vinyl alcohol) adsorbed gold nanoparticles 
from aqueous droplets were investigated on three silica substrates – silicon wafer, 
quartz, and glass – with different surface roughness and chemistry. The deposit pattern 
of a sessile drop containing small colloidal particles results from a convective flow 
bringing particles to the three-phase contact line, a Marangoni flow driven by surface 
tension difference, particle-particle interactions, and particle-substrate interactions. In an 
aqueous system, the contribution from the Marangoni flow is insignificant. Substrate and 
particle surface chemistry modulate surface-particle and particle-particle interactions 
and affect how particles pack relative to their nearest neighbors. In addition, substrate 
surface chemistry and roughness play significant roles in controlling the extent of 
contact line pinning and affecting particle distribution in a deposit. How substrate 
wettability, roughness, and chemical homogeneity affect drying dynamics, overall 
deposit pattern, and internal organization of neighboring particles in evaporation-
induced self-assemblies is elucidated. 
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Simple, Cost-effective Patterning Techniques 

Bi-min Zhang Newby, bimin@uakron.edu, Yangjun Cai.Department of Chemical and 
Biomolecular Engineering, The University of Akron, Akron, Ohio 44325-3906, United 
States 

A brief overview on simple and cost-effective surface patterning techniques developed 
in our research group is being presented. These techniques are based on daily surface 
and interfacial phenomena to create ordered micro/nano structures. Two of them will be 
emphasized; the Marangoni flow (MF) (e.g. “tears-of-wine”) based self-assembly and 
the fracture-induced formation (FIF) of ordered polydimethylsiloxane (PDMS) strips by 
peeling. Various water droplet arrays created by MF can serve as templates for 
generating various polymeric structures, including PDMS stamps for contact printing 
applications (e.g. patterning proteins). The ordered parallel strips formed by FIF can be 



applied to create polymeric films containing strips as well as to fabricate various mesh-
like and check-board type patterns. The resulting structures/patterns are currently being 
utilized as tissue engineering scaffolds for deep wound repairs and vascular grafts. 
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Water dispersible and colloidally stable superparamagnetic iron oxide 
nanoparticles for biomedical detection 

Andrew D. Price1, adprice@sandia.gov, Erika C. Vreeland2, Todd C. Monson1, Debbie 
M. Lovato3, Richard S. Larson3, Edward R. Flynn4, Dale L. Huber1.  (1) Sandia National 
Laboratories, Albuquerque, NM 87185, United States  (2) Department of Chemical 
Engineering, University of New Mexico, Albuquerque, NM 87131, United States  (3) 
Department of Pathology, University of New Mexico, Albuquerque, NM 87131, United 
States  (4) Senior Scientific, LLC, Albuquerque, NM 87111, United States 

By magnetorelaxometry, immobilized superparamagnetic iron oxide nanoparticles 
(SPIONS) may be detected with extreme sensitivity creating a powerful tool for 
detecting and locating diseased cells bound to antibody labeled SPIONS. Success of 
the technique is dependent on the availability of monodisperse and colloidally stable 
nanoparticles. The most successful method for generating SPIONS with controlled size 
and minimal heterogeneity employs the thermal decomposition of iron precursors in the 
presence of oleic acid. To create water dispersible nanoparticles the oleic acid coating 
is exchanged for the biocompatible polymer poly(N-vinylpyrrolidone) (PVP). Amine 
endgroups may be incorporated into the polymer by reversible addition-fragmentation 
chain transfer (RAFT) polymerization of the PVP providing a common chemistry for 
biomolecule conjugation. We demonstrate antibody conjugation to PVP coated SPIONS 
without significant aggregation establishing a design suitable for in vivo studies. The 
methods presented here should aid in the current development of magnetorelaxometry 
for early disease detection. 

COLL 313 

Intrinsic relation between catalytic activity of CO oxidation on Ru nanoparticles 
and stability of Ru oxides uncovered with ambient pressure XPS 
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Recent progress in colloidal synthesis of nanoparticles with well-controlled size, shape, 
and composition, together with development of in situ surface science characterization 
tools, such as ambient pressure X-ray photoelectron spectroscopy (APXPS), has 
generated new opportunities to unravel surface structure of working catalysts. We show 
an APXPS study to investigate catalytically active species on Ru nanoparticles under 
oxidizing, reducing, and CO oxidation reaction conditions. Ru nanoparticles 2.8 and 
6nm in size were synthesized in the presence of a poly(vinyl pyrrolidone) polymer 
capping agent and deposited onto a flat Si support as two-dimensional arrays, using the 
Langmuir-Blodgett deposition technique, as model catalysts. It was found that both 
sizes of the Ru nanoparticles are covered with a surface oxide layer. Mild oxidative and 
reductive characteristics suggest an ultra-thin shell of surface oxide around the Ru 
metal core, the thickness of which is found to be dependent on the nanoparticle size. 
The smaller 2.8nm Ru nanoparticles were oxidized to a larger extent than the larger 
6nm nanoparticles, within the temperature range of 50~200oC. The stability of these 
active core-shell type Ru nanoparticles is found to increase with nanoparticle size. The 
catalytic activity of Ru nanoparticles increases with increasing nanoparticle size, within 
the 2.1 to 6nm range. Thus, particle size dependence of Ru nanoparticles for catalytic 
CO oxidation can be correlated with enhanced stability of the core-shell type Ru oxide 
as particle size increases. 
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Catalytic activity of Au/TiO2 and Pt/TiO2 nanocatalysts synthesized by arc plasma 
deposition under CO oxidation 
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The fabrication of oxide-supported metal catalysts via wet chemical routes has been 
well known in heterogeneous catalysis. However, uniform deposition of metal 
nanoparticles, with controlled size and shape, on the support with high reproducibility is 
still a challenge in catalyst preparation. Among various synthesis methods, arc plasma 
deposition (APD) of metal nanoparticles or thin films on oxide supports has received 
great interest recently, due to its high reproducibility and large-scale production, and is 
being used in catalytic applications. In this work, Au and Pt nanoparticles, 2-4 nm in 
size, have been deposited on TiO2 powder by APD. The size of the metal nanoparticles 
was controlled by the arc voltage, metal deposition, and APD conditions. These catalytic 
materials were characterized by X-ray diffraction (XRD), inductively coupled plasma 
(ICP-AES), N2-physisorption, CO-chemisorption, and transmission electron microscopy 
(TEM). Catalytic activity of the materials was measured by CO oxidation using oxygen, 
as a model reaction, in a micro-flow reactor at atmospheric pressure. We found that 
Au/TiO2 is reactive, showing 100 % conversion at 80oC, while Pt/TiO2 shows 100 % 
conversion at 170oC. We discuss the effects of structure and metal-oxide interactions of 
the catalysts on catalytic activity. 



COLL 315 

Protein monolayer electrochemistry of self-organized gold 
nanoparticle~cytochrome c superstructures 

Molly E Graffam, molly.graffam@student.fairfield.edu, Bayan Abunar, 
bayan.abunar@student.fairfield.edu, Elizabeth M Garvey, 
elizabeth.garvey@student.fairfield.edu, Kaitlyn L Buzard, Amanda S Harper-
Leatherman.Department of Chemistry & Biochemistry, Fairfield University, Fairfield, CT 
06824, United States 

When gold nanoparticles and cytochrome c (cyt. c) are added together in solution, 
spontaneous electrostatic and other weak interactions help to create loosely 
multilayered superstructures of protein, abbreviated as Au~cyt. c superstructures. Cyt. c 
is stabilized to unfolding when encapsulated as Au~cyt. c superstructures in highly 
porous aerogels, and even in the absence of the aerogel scaffold, each Au~cyt. c 
superstructure stabilizes thousands of protein molecules to unfolding relative to cyt. c 
alone in solution. We have chosen to expand this work by studying the electrochemical 
characteristics of Au~cyt. c superstructures using protein monolayer electrochemistry. 
We explore the number of electrochemically active layers of protein within the 
multilayered superstructures and the stability of organized cyt. c to denaturation. We will 
present the thermodynamic, kinetic, and adsorption environment characteristics of cyt. c 
organized within Au~cyt. c superstructures of varying ratios of Au to cyt. c compared to 
unassociated cyt. c. 

COLL 316 

Creation and characterization of self-assembling hydrogen bonded structures 
exhibiting a variety of shapes and properties 

Noah M Johnson, nmj37@drexel.edu, Dayne F. Swearer, Haifeng (Frank) 
Ji.Department of Chemistry, Drexel University, Philadelphia, Pennsylvania 19104, 
United States 

Using a simple technique of solvent evaporation on different surfaces, we have 
managed to construct a wide range of hydrogen-bonded crystal structures. Several 
different chemical classes have been used to form a variety of structures, including 
nanowires and nanopillars. The different crystal structures are shown to not only affect 
the appearance of the structures, but alter their properties, such as fluorescence and 
conductivity. Because of this, they have the potential to be used in a many different 
applications, from light-emitting diodes to alternative energy production. 

COLL 317 

Synthesis of diameter and composition-controlled aluminum iron oxide 
nanocrystals for high quality carbon nanotubes 



Seung Soo Lee1, sl9@rice.edu, Carolina Avendano1, Minjung Cho1, Phuc Nguyen2, 
Vicki L Colvin1.  (1) Department of Chemistry, Rice University, Houston, Texas 77005, 
United States  (2) Chemistry, University of Houston, Houston, Texas 77004, United 
States 

Aluminum iron oxide (aluminum ferrite) nanocrystals are excellent catalysts for high-
quality carbon nanotube (CNT) growth. Uniform nanocrystalline aluminum ferrites from 
4.0 to 22.2 nm were synthesized by the decomposition of aluminum and iron precursors 
at a high temperature. Aluminum ferrites had a varied composition of aluminum (18%-
50%); the concentration of the aluminum precursor was directly proportional to the 
percent of aluminum in the ferrite nanocrystal. CNT carpet growth rates using these 
prepared aluminum ferrite and iron oxide nanocrystals were 10 times faster for the 
ferrites than for pure iron oxides. In addition, CNTs grown by aluminum ferrites were 
uniformly of higher quality (IG/ID = 11.4) than comparable materials formed from pure 
iron oxides (IG/ID = 9.8). These data illustrate that aluminum in an iron oxide nanocrystal 
not only prevents catalyst poisoning, but slows the decomposition of the carbon source 
(acetylene) in the CNT growth process, leading to less amorphous carbon. 

COLL 318 

First-principles modeling of Al(III) aqueous nanoparticles 

Katharine R. Witkin, katharine-witkin@uiowa.edu, Sara E. Mason.Department of 
Chemistry, University of Iowa, Iowa City, Iowa 52240, United States 

Complicating factors such as structural complexity and broad ranges of environmentally 
relevant conditions motivate a combined experimental and theoretical effort to delineate 
the structure-reactivity relationships of naturally occurring nanomaterials. Here, we 
model an aluminum polycation [Al30O8(OH)56(H2O)24]18+, referred to as Al30, and its 
reactivity with Cu(II), based on recent experimentally determined structures. We model 
the experimentally proposed Cu-Al30 structure alongside multiple hypothetical 
configurations that vary in the attaching functional group identity and protonation state, 
and separately vary the placement of complexing ligands about the bound Cu(II). We 
use total energy information, optimized geometries, and electronic structure analysis to 
establish and explain trends in Al30 reactivity. Based on the results of Cu-Al30, plans 
for future modeling work on Al30 reactivity towards other divalent cations are 
formulated. 

COLL 319 

Optimizing the relaxation (r1,r2) dynamics for size controlled gadolinium oxide 
nanoparticle MR contrast agents 

Minjung Cho, mc12@rice.edu, Richa Sethi, Seung Soo Lee, Huiguang 
Zhu.Department of Chemistry, Rice University, Houston, Texas 77005, United States 



In this work, diameter controlled gadolinium (Gd) oxide nanoparticles ranging from 2 to 
22 nm were formed through high temperature thermal decomposition of gadolinium 
nitrate precursor in the presence of surfactants (oleic acid and/or oleylamine) and 1-
octadecene. These size tunable gadolinium oxide nanoparticles were transferred into 
aqueous phase using oleic acid (OA), octylamine modified poly(acrylic acid) (PAA-OA), 
and lauric acid modified poly(2-acrylamido-2-methyl-1-propanesulfonic acid) (PAMPS-
LA) for MRI T1 contrast agents. The longitudinal relaxivity (r1) of water proton of the 
hydrated gadolinium oxide nanoparticle was optimized and examined depending on 
their particle diameter (d) and average molecular weight (Mw) of phase transfer agents; 
the high r1 value was 80∼109 S-1mM-1, which is 20 times higher than those of Gd(III)-
chelates (4.3∼4.6 S-1mM-1). Moreover, in vitro cell toxicological studies revealed that 
various polymer coated gadolinium oxide suspensions, especially PAA-OA coated 
nanocrystals had no significant effect on human dermal fibroblasts (HDF) even at high 
concentration (e.g. 150 uM (25 mg/L)). This work illustrates that surface engineered 
monodisperse gadolinium oxide nanoparticles can be a strong candidate for MRI 
contrast agent offering high r1 relaxivity values. 

COLL 320 

A fundamental understanding on the relationship of film structure to 
photocatalytic activity of titania films fabricated by a new surfactant self-
assembling sol gel method 

Ketao Xu1, sunlightluo2006@gmail.com, Yongjun Chen2, chenyjuc@gmail.com.  (1) 
Department of energy and power engineering, Dalian University of Technology, Dalian, 
Liaoning 116024, China  (2) Department of energy and power engineering, Dalian 
University of technology, Dalian, Liaoning 116024, China 

This presentation will discuss about the relationship of microstructure to photocatalytic 
activity of titania films fabricated by a new surfactant self-assembling sol gel method. By 
adjusting pH and the amount of water in this sol-gel system, a remarkable change on 
the microstructure and photocatalytic activity of titania films can be observed. Detailed 
information on the fundamental understanding on the formation of pore, decreased 
particle size and enhanced photocatalytic activity of titania films will be presented. 

COLL 321 

Novel pyridinium lipoplexes for nucleic acid delivery – a formulation and stability 
study 

Lisa L Dragic, Marc A Ilies, mailies@temple.edu.Deparment of Pharmaceutical 
Sciences, Temple University School of Pharmacy, Philadelphia, PA 19140, United 
States 

The transfer and expression (transfection) of genetic material into specific cells of a 
patient in order either to replace a defective gene or to introduce a new function to the 



cells can be performed with multiple delivery technologies. Synthetic transfection 
systems offer a promising alternative to viral vectors due to their good safety profile, 
ease of manufacturing and storage under GMP-compliant norms and limitless size of 
the nucleic acid material that can be delivered. However, the efficiency of these systems 
has to be improved, by adapting the structure of the lipoplexes to the extracellular and 
intracellular delivery barriers. 

We will present our results towards the formulation, DNA compaction properties and 
stability of a DNA delivery system based on a novel biodegradable pyridinium cationic 
lipid, designed to provide more flexible cationic bilayers with enhanced fusogenicity.  

COLL 322 

Separation of supported lipid bilayer nanoparticles from excess vesicles in 
solution 

Hairong Wang, Jelena Drazenovic, tub67635@temple.edu, Hongwen Zhou, Stephanie 
L Wunder.Chemistry, Temple University, Philadelphia, PA 19122, United States 

Nanoparticles are finding expanding uses in pharmaceutical and biomedical 
applications, so that their interactions with lipids are increasingly important. In order to 
quantify the amount of adsorbed lipid to nanoparticles in high salt/buffer and in the 
presence of excess lipid, conditions expected in vivo, in vitro or in the environment, it is 
necessary to understand the morphology of the nanoparticle/lipid aggregates, since the 
high surface area of nanoparticles usually leads to extensive clustering. Here we 
investigate mixtures of 100 nm silica (SiO2) nanoparticles and zwitterionc lipids in the 
form of small unilamellar vesicles (SUVs) under conditions where single-supported lipid 
bilayer (single-SLB) formation occurs, and in the presence of excess lipid. We show that 
these suspensions are colloidally stable both above and below the gel-to-liquid 
crystalline phase transition temperature (Tm), but that the mechanism of stabilization 
and structure of the suspensions depends on the ionic strength of the surrounding 
medium. 

COLL 323 

Novel Protein-Based Nanomaterials with Improved Protein Stabilities and Cellular 
Uptake 

Inoka K Deshapriya, inoka.deshapriya@uconn.edu, Challa V Kumar.Department of 
Chemistry, University of Connecticut, Storrs, CT 06269, United States 

A simple, effective and general approach to synthesize protein nanoparticles by 
carbodiimide crosslinking of proteins in the presence of a dye is presented. 
Nanospheres with hydrodynamic radius (RH) of less than 100 nm were obtained as 
determined by scanning electron microscopy (SEM) and dynamic light scattering (DLS). 
Retention of the native-like structures of protein nanoparticles was observed by their 



corresponding circular dichroism spectra. Enzyme nanoparticles also retained their 
catalytic activities to a significant extent. For example, nanoparticles prepared from 
glucose oxidase (GO) showed complete retention of its native oxidase activity. 
Surprisingly, GO nanoparticles retained activities (75%) after heat treatment (@60 °C, 5 
min and cooled to room temperature for 1 hr) while untreated GO retained only 10% of 
its activity, under similar conditions. Interestingly, protein nanoparticles showed 
improved half-lives at elevated temperatures and thermal stabilities, when compared to 
the free proteins. More importantly, initial studies showed rapid cellular uptake and 
release of BSA nanoparticles in oral cancer cells and remained around the nucleus. 
Lipase-derived nanoparticles indicated prolonged accumulation around the nucleus and 
in some vesicles of cell lines. These are the first examples of high stability of protein 
nanoparticles and their rapid cellular uptake. 

COLL 324 

Harnessing Hansen Solubility Parameters To Predict Organogel Formation 

Songwei wu, songweiwu822@gmail.com, Jie Gao, Michael Armin Rogers.Food 
Science, Rutgers, New Brunswick, New Jersey 09804, United States 

Hansen solubility parameters predict the capacity of molecular gels to form in a vast 
array of organic solvents. The prediction ability for 12-hydroxystearic acid is closely 
associated with the hydrogen-bonding Hansen solubility parameter (dh). Solvents with a 
hydrogen-bonding Hansen solubility parameter less than 4.7 MPa1/2produce clear 
organogels, opaque organogel forme between 4.7 < dh < 5.1 MPa1/2 and solutions 
remained when the hydrogen-bonding Hansen solubility parameter is greater than 5.1 
MPa1/2. Furthermore, the critical gelator concentration is linearly correlated with the 
hydrogen-bonding Hansen solubility parameter. Solvents with the same functional 
group, which varied only by chain length, have correlations between the static relative 
permittivity, Hansen solubility parameter, dispersive HSP, polar HSP and hydrogen-
bonding HSP and the critical gelator concentration. 

COLL 325 

Using coherent surface x-ray scattering to study electrode surface dynamics 

Vladimir Komanicky1,3, Michael Pierce1,2, Andi Barbour1, abarbour@anl.gov, Hoydoo 
You1.  (1) Materials Science Division, Materials Science Division, Argonne National 
Laboratory, Argonne, Illinois 60439, United States  (2) Department of Physics, 
Rochester Institute of Technology, Rochester, New York 14623, United States  (3) 
Faculty of Sciences, Safarik University, Kosice, Slovakia 

We present successful efforts to develop a new surface x-ray scattering technique that 
allows in-situ measurements of surface dynamics in electrochemical systems. The 
technique, sensitive to the microstates of the system, can measure the transient 
dynamics of phase relaxation from one phase to another upon changing 



electrochemical conditions, as well as the equilibrium dynamics of microstates even if 
the electrode macroscopic state appears static. We will discuss the underlying physics 
of surface x-ray speckle correlation spectroscopy and present our recent study of Au 
(100) surface in vacuum, water, and electrolytes. This work and the use of the 
Advanced Photon Source was supported by the U.S. DOE, Office of Basic Energy 
Sciences under Contract No. DE-AC02-06CH11357. The work at Safarik University was 
supported by VEGA 1/0138/10 and VVCE-0058-007. 

COLL 326 

Behavior of pre-osteoblasts on electrospun poly[(propylmethacryl-heptaisobutyl-
POSS)-co-(methylmethacrylate)]-based composites 

Adam Bauer, li3b@cmich.edu, Jizhou Fan, Jianzhao Liu, Bingbing Li.Department of 
Chemistry, Science of Advanced Materials Doctoral Program, Central Michigan 
University, Mount Pleasant, MI 48859, United States 

Polyhedral oligomeric silsesquioxane (POSS) nanofillers have attracted significant 
research interest due to their biocompatibility and low-inflammatory response. Our 
previous study has demonstrated that poly[(propylmethacryl-heptaisobutyl-POSS)-co-
(methylmethacrylate)] (POSS-MMA)-based membranes with various morphological 
features can be prepared by electrospinning or electrospraying of polymer solutions with 
concentrations ranging from 17 wt% to 1 wt%. In this study, various blends of 
poly(epsilon-caprolactone) (PCL) and POSS-MMA were used to prepare fibrous 
membranes which were then characterized using scanning electron microscopy and 
surface tensiometer. Aligned and random electrospun composite fibers were further 
utilized to study the influence of fiber alignment on pre-osteoblast adhesion, 
morphology, and viability. Water contact angle measurements indicate the increase in 
the hydrophobicity of electrospun membrane with increasing the concentration of 
POSS-MMA. Cell viability assay shows the metabolic activity of pre-osteoblasts cultured 
on POSS-based composite membranes increased in comparison to PCL control. 
Electron micrographs show that pre-osteoblasts elongate and migrate preferentially 
along the axis of fiber alignment, which could potentially mimic the anisotropic 
mechanical properties of bone. 

COLL 327 

Characterization of Poly(epsilon-caprolactone) Thin Films Reinforced with 
Polyhedral Oligomeric Silsesquioxanes 

Katie Greenman, li3b@cmich.edu, Jianzhao Liu, Wenjun Du, Bingbing Li.Department 
of Chemistry, Science of Advanced Materials Doctoral Program, Central Michigan 
University, Mt Pleasant, MI 48859, United States 

Poly(epsilon-caprolactone) has been used in drug capsules, dental materials, and tissue 
scaffolds. This study was to investigate the phase behavior of PCL/polyhedral 



oligosilsesquioxane (POSS) blends confined in thin film geometry in order to guide 
biomedical applications of PCL/POSS composites. Octaisobutyl-POSS (Octa-iBuPOSS) 
and methacrylisobutyl-POSS (m-iBuPOSS) were chosen to perform comparative study 
on nanofillers-matrix compatibility. The composite films were analyzed using scanning 
electron microscopy (SEM), atomic force microscopy (AFM), and x-ray diffraction 
(XRD). PCL spherulites were observed for thin films of thicknesses above 50 
micrometer. For PCL/Octa-iBuPOSS blends, a segregation layer of octa-iBuPOSS 
formed with increasing the concentration of octa-iBuPOSS. Diffusion-limited-growth of 
the dewetted layer was revealed under SEM. In contrast, the phase separation of m-
iBuPOSS from PCL matrix was significantly less than that in the PCL/octa-iBuPOSS 
system. The well-defined spherulitic growth of PCL was not affected by adding m-
iBuPOSS up to 30 wt%. The m-iBuPOSS aggregates appeared near the surface with 
further increasing the m-iBuPOSS concentration up to 50 wt%. Even at this stage, the 
borders of the PCL spherulites were still visible and the density of aggregates was 
substantially less than that observed in comparable PCL/octa-iBuPOSS film, indicating 
the PCL matrix is more compatible with m-iBuPOSS than with octa-iBuPOSS . 

COLL 328 

Molecular level understanding of polymer/adhesive interfaces 

Chi Zhang, zhangchi@umich.edu, Zhan Chen.Chemistry, University of Michigan, Ann 
Arbor, Michigan 48109, United States 

Studying interfacial structures of polymers and adhesives can help to develop optimal 
materials with good adhesion properties to polymers. We applied sum frequency 
generation vibrational spectroscopy, a surface specific optical technique, to investigate 
different polymer/adhesive interfaces with and without the addition of adhesion 
promoters. Silane adhesion promoters are incorporated into silicones and epoxies to 
study their interfacial behaviors. Results show that (1) methoxy group in epoxy silane at 
silicone/poly(ethylene terephthalate) (PET) interfaces play important roles in adhesion; 
(2) methyl groups of methyl silane octadecyltrimethoxysilane at the interface result in 
weak adhesion. Results of this research show that a small amount of silane molecules 
added to adhesives can substantially change the polymer/adhesive interfacial structure, 
greatly affecting the adhesion strength at the interface. This work demonstrates the use 
of SFG as a powerful tool to elucidate molecular mechanisms for adhesion at buried 
interfaces. 

COLL 329 

Clay-reinforced chitosan/polybenzoxazine aerogels 

Almahdi A Alhwaige1, aaa148@case.edu, Tarek Agag2, Hatsuo Ishida2, Syed 
Qutubuddin1,2.  (1) Department of Chemical Engineering, Case Western Reserve 
Univesity, Cleveland, Ohio 44106-72017, United States  (2) Department of 



Macromolecular Science and Engineering, Case Western Reserve Univesity, 
Cleveland, Ohio 44106-72017, United States 

Chitosan (CTS) as natural polymer has several interesting properties including 
biodegradability, environmental friendliness and useful reactive moieties. However, the 
solubility in acidic solutions and poor mechanical properties are still the major 
drawbacks for certain applications including metal extraction and hydrogels. The 
objective of this work is to improve the stability of chitosan aerogels in acidic solutions 
via cross-linking with polybenzoxazine and reinforcing by clay (montmorillonite). Main-
chain type benzoxazine polymer, MCBP(BA-tepa), as precursor for crosslinking has 
been synthesized by reacting bisphenol-A, tetraethylenepentamine, and formaldehyde. 
CTS/MCBP(BA-tepa)/Na-MMT suspensions containing 5 wt% total solid in acidic water 
were prepared and freeze-dried to form aerogels, followed by gradual thermal treatment 
for crosslinking. The characteristics of the aerogels were studied using X-ray diffraction 
(XRD), scanning electron microscopy (SEM), and thermal gravimetric analysis (TGA). 
The cross-linking leads to decrease the hydrophilicity of aerogels with improved 
dimensional stability under acidic conditions. 

Keywords : Aerogel, chitosan, polybenzoxazine, and montmorillonite. 

COLL 330 

Formation of lipid sheaths around nanoparticle supported lipid bilayers 

Selver Ahmed1, sahmed9@ncsu.edu, Sushma Savarala1, Yanjing Chen2, Geoffrey 
Bothun2, Stephanie L Wunder1.  (1) Chemistry Department, Temple University, 
Philadelphia, PA 19122, United States  (2) Department of Chemical Engineering, 
University of Rhode Island, Kingston, RI 02881, United States 

High surface area nanoparticles often cluster, with unknown effects on their cellular 
uptake and environmental impact. Here we show that when there is excess lipid 
available compared with that required to form a single SLB, large aggregates of SLBs 
enclosed by a close-fitting lipid bilayer sheath are formed. The proposed mechanism for 
this process is one where small unilamellar vesicles adsorb to aggregates of SLBs just 
above the gel-to-liquid phase transition temperature, Tm, of the lipids, and then fuse with 
each other (rather than to the underlying SLBs) upon cooling below Tm. The sacks of 
SLB NPs that are formed are encapsulated by the contiguous close fitting lipid sheath, 
and precipitate below Tm, due to reduced hydration repulsion and the absence of 
undulation/protrusion forces for the lipids attached to the solid support. The single SLBs 
can be released above Tm, where these forces are restored by the free lipid vesicles. 

COLL 331 

Ultraviolet absorbance of (γ-methacrylpropyl)-silsesquioxane films modified with 
titanium tetrabutoxide and Its Validation by Computing Energy-band Structure 



Yu Hu1, Di Wang2, Hong You3, youhong@hit.edu.cn.  (1) Department of New Media 
and Arts, Harbin Institute of Technology, Harbin, Heilongjiang 150001, China  (2) 
Department of Chemistry, Harbin Institute of Technology, Harbin, Heilongjiang 150001, 
China  (3) Department of Environment Science and Engineering, Harbin Institute of 
Technology, Harbin, Heilongjiang 150001, China 

Based on Based on (3-methacryloxypropyl)-silsesquioxane (MP-SSO, MS) and 
modified with various amounts of titanium tetrabutoxide (TTB), hybrid films, film-MS-
SSO-TTB (f-MST), were prepared using hydrolytic condensation and crosslinking. The 
average absorbance (AA) of the modified films is about 10-11 % in the ranges of 
Ultraviolet B (UV-B, 280-320 nm) and 50-78 % in the ranges of Ultraviolet A (UV-A, 320-
400 nm), which implies that these films indeed can provide a physical barrier for 
blocking the UV () absorbed into the skin. The AT values of three films were in the order 
of f-MPT>f-GPT>f-VPT due to complete-cage structures of building blocks (POSS) and 
the size of organic branches covalently bonded to the silica network in the molecular 
structures. This indicates that VPT powder might be significantly better to selected for 
the SPF. The TTB addition results in the hybrid structure containing TiO2 which causes 
a decrease in the AA radiation from sunlight. Lower transparency of the films containing 
25 wt-% TTB fractions is ascribed to more amounts of TTB in the modified films. Both 
TEOS and TTB adequate additions resulted in a hybrid structure (containing SiO2 and 
TiO2), and an addition can cause an increase in the AT radiation from sunlight. 
However, the AT of f-MSTE is higher than that of f-MSTT, which was validated using 
molecular dynamic simulation and calculation of the states density and the energy-band 
structure of MPMS-SSO, SiO2 and TiO2 building blocks. 

COLL 332 

Au- and Ag-TiO2 Activity on the Photocatalytic Degradation of 4-Chlorophenol 

Pramoch Rangsunvigit1,2, Pramoch.r@chula.ac.th, Sitthicahi Tangsatjatham1, 
Sumaeth Chavadej1,2.  (1) The Petroleum and Petrochemical College, Chulalongkorn 
University, Bangkok, Bangkok 10330, Thailand  (2) Center of Excellence on 
Petrochemical and Materials Technology, Chulalongkorn University, Bangkok, Bangkok 
10330, Thailand 

Photocatalytic degradation of 4-chlorophenol (4-CP) in a batch reactor was investigated 
with a series of TiO2, both undoped and Au and Ag doped. Experiments were carried 
out in a batch reactor under an 11 W low pressure mercury lamp. Total organic carbon 
(TOC) was used as an indicator in addition to the concentration of 4-CP for the 
effectiveness of the degradation. Interestingly, 4-CP degradation did not depend on the 
type of the catalyst used compared to photolysis. On the contrary, the presence of any 
of the catalyst significantly affected the intermediate, hydroquinone (HQ) and 
hydroxyhydroquinone (HHQ), degradation. In addition, Ag and Au played different roles 
in the intermediate degradation. Degussa P25 showed higher catalytic activity than the 
synthesized TiO2 and in some cases TiO2 doped with a precious metal in terms of TOC 



degradation. The addition of the a precious metal to TiO2 does not improve the 4-CP 
degradation but it does on the degradation of the intermediate products. 

COLL 333 

Rh-Ce-Ox mixed oxide films prepared by magnetron sputtering: Ｃharacterization 
of the system and its catalytic activity 

Klára Ševčíková1, klarak.sevcikova@seznam.cz, Václav Nehasil1, Stanislav Haviar1, 
Mikhailo Voroghta1, Iva Matolínová1, Vladimír Matolín1, Hideki Yoshikawa2.  (1) 
Department of Surface and Plasma Science, Charles University in Prague, Prague, 
Czech Republic  (2) NIMS Beamline station, National Institute for Materials Science, 
Sayo, Hyogo 679-5198, Japan 

Ionically dispersed Rh in Rh-Ce-Ox catalysts improves the redox properties and catalytic 
activity of the system [1]. Rhodium-cerium mixed oxide layers with various concentration 
of rhodium in ionic state can be easily prepared by magnetron sputtering. The Rh-Ce-Ox 
layers with different concentration of Rh sputtered onto flat silicon substrates were 
characterized by means of Hard X-ray and X-ray photoelectron spectroscopy (HXPS 
and XPS). The structure of the system was investigated by SEM and XRD. The catalytic 
activity of the system was studied by temperature programmed reaction (TPR) of CO 
oxidation. 

[1] A. Gayen, K.R. Prikolkar, P.R. Sarode, V. Jayaram, M.S. Hedge, G.N. Subbanna, S. 
Emura, Chemistry of Materials 16 (2004) 2317 

COLL 334 

Chronoamperometric-based detection of hydrogen peroxide using palladium 
nanoparticles 

Clara P Adams, clara.p.adams@wmich.edu, Sherine O Obare.Chemistry, Western 
Michigan University, Kalamazoo, MI 49008, United States 

The detection of hydrogen peroxide is a field that has a growing interest because of its 
wide applications in the chemical, pharmaceutical, and food industries. It is important to 
detect hydrogen peroxide in food to ensure that the concentration levels are suitable for 
consumption. Monodisperse palladium nanoparticles were used to develop a 
chronoamperometric-based sensor for the detection of hydrogen peroxide. Thioether 
stabilized palladium nanoparticles with diameters of 1.8 nm, 2.0 nm and 3.0 nm were 
synthesized using a pyrolysis method. The palladium nanoparticles were immobilized 
on gold electrode surfaces using an organic linker. The effect of particle size on sensor 
performance was evaluated. The sensor was effective in detecting hydrogen peroxide in 
a phosphate buffer saline solution (PBS) and in milk samples. Detection limits of 45 µM 
and 75 µM, respectively, were obtained. The sensitivity of the sensor allowed detection 
of hydrogen peroxide at levels below the maximum admissible concentration. 



COLL 335 

The structure of POSS with large organic group characterized by UV-MALDI-TOF 
mass spectrometry and quantum chemical calculation 

Yu Hu1, Di Wang2, Hong You3, youhong@hit.edu.cn.  (1) Department of New Media 
and Arts, Harbin Institute of Technology, Harbin, Heilongjiang 150001, China  (2) 
Department of Chemistry, Harbin Institute of Technology, Harbin, Heilongjiang 150001, 
China  (3) Department of Environment Science and Technology, Harbin Institute of 
Technology, Harbin, Heilongjiang 150001, China 

[(3-Methacryloxy)propyl]silsesquioxanes (MSSO) were prepared from the hydrolytic 
condensation of [(3-methacryloxy)propyl]trimethoxysilane (MPMS) in the presence of an 
acid catalyst (HCOOH). The proposed MSSO structures were characterized with 
Fourier transform infrared (FTIR) and nuclear magnetic resonance (NMR) (1H, 13C and 
29Si), and were assigned by ultraviolet laser matrix-assisted desorption/ionization time-
of-flight mass spectrometry (UV-MALDI-TOF MS). The large organic group connected 
to silicon was simplified for the quantum chemical calculation (QCC), and the correlation 
of the calculated total energies (ET) before and after simplification was analyzed by 
multiple linear regression, verifying no significant influence on the final conclusions of 
the research of structural formulas by a correlation coefficient (r). The geometric 
parameters (Si-O bond length and Si-O-Si, O-Si-O bond angles) and ET of the simplified 
MSSO were calculated by QCC to determine the relative stability of various MSSO 
structures. The structural geometry (silicon ring), the fraction of intramolecular cycles (f) 
and the number of the silicon rings (F) were also employed to qualitatively determine 
the relative stability. The results of the calculation showed that almost all of the cage 
structures had a lower ET than the isomeric ladder structures; therefore, most MSSO 
structures are of the cage type. 

COLL 336 

Optical shear responsive waterborne graphene dispersions 

David Ager, dager@emich.edu, John Texter.School of Engineering Technology, 
Eastern Michigan University, Ypsilanti, MI 48197, United States 

Ionic liquid based monomers are used to produce stimuli responsive nanolatexes and 
triblock copolymers. These materials make excellent stabilizers for nanocarbons and in 
particular we demonstrate facile dispersion of graphene into water at or very close to 
the completely exfoliated limit. We have discovered that these dispersions, 
concentrated and dilute, behave as opto-rheological fluids when subjected to shear 
flow. We also demonstrate the coating of these dispersions on various hard and porous 
substrates to make advanced conductive materials. Coatings on Anapore alumina 
membranes illustrate significant in-plane electrical conductivity (3-4 S/cm) despite the 
insulating nature of the nanolatexes. The stimuli responsiveness imposed by various 



anions is presented and discussed, and the use of this responsiveness in coating thin 
films is demonstrated. 

COLL 337 

Transparent thin film nanotube assemblies with low sheet resistance via acid 
aoping: An alternative to ITO 

David Hagen1, david_hagen@tamu.edu, Yong Tae Park1, Jaime Grunlan1,2,3.  (1) 
Department of Mechanical Engineering, Texas A&M University, College Station, TX 
77843-3123, United States  (2) Department of Chemical Engineering, Texas A&M 
University, College Station, TX 77843-3122, United States  (3) Materials Science and 
Engineering Program, Texas A&M University, College Station, TX 77843-3003, United 
States 

Highly transparent and conductive thin films were assembled as a potential indium tin 
oxide (ITO) replacement using layer-by-layer (LbL) assembly with di-walled carbon 
nanotubes (DWNTs), sodium deoxycholate (DOC) as a stabilizer, and 
poly(diallyldimethyl ammonium chloride) [PDDA]. This assembly of DOC-stabilized 
CNTs and PDDA grows linearly as a function of bilayers deposited, with transparency 
(>84% T) and electrical conductivity (~300 Ω/sq) at a thickness of 23.5 nm (at 20 
bilayers). Moreover, exposure to nitric acid vapor was able to further reduce sheet 
resistance in this film, down to 104 Ω/sq, due to the removal of insulating material and 
charge transfer doping. The optoelectronic performance of a 5 BL DWNT LbL film is 
much better than most other CNT thin films and capable of ITO replacement. 
Additionally, the bending and electrochemical stability suggest that these films could be 
a useful electrode for a variety of flexible electronics applications. 

COLL 338 

Theoretical study of chiral self-assembly 

Tatiana Popa, tatianap@uvic.ca, Irina Paci.Department of Chemistry, University of 
Victoria, Victoria, British Columbia V8W 3V6, Canada 

Chiral separation is an essential problem of modern day chemical and pharmaceutical 
research. As products of synthetic chemistry, chiral drugs are often manufactured and 
used as racemates. While one enantiomer may exhibit the desired activity, the other 
may be inactive, counteractive or even toxic. Recently, the stereospecific self-assembly 
of chiral molecules on solid substrates is emerging as a new twist on chiral 
discrimination, with new possible applications. We use theoretical investigations to 
understand the underlying physical origin of chiral recognition on surfaces. We report on 
Parallel Tempering Monte Carlo studies of chiral self-assembly in several model 
systems. By controlling the balance between electrostatic and steric interactions, we 
can direct the surface assembly of some of our chiral model molecules towards 
formation of well segregated, enantioselected micellar aggregates. Such studies may 



help understand how one can control and predict the relationships between molecular 
structure, intermolecular interaction, and chiral resolution. 

COLL 339 

Effects of Mg loading on the catalytic activity of NiO-MgO/ Ce0.75Zr0.25O2 catalysts 
on the catalytic partial oxidation of methane 

Vissanu Meeyoo1, vissanu@mut.ac.th, Kittiya Arunsingkarat2, Sitthiphong 
Pengpanich1, Thirasak Rirksomboon2.  (1) Chemical Engineering, Mahanakorn 
University of Technology, Bangkok, Thailand  (2) The Petroleum and Petrochemical 
College, Chulalongkorn University, Bangkok, Thailand 

The Ni/Ce0.75Zr0.25O2 catalyst has been demonstrated to be highly active for synthesis 
gas production via catalytic partial oxidation of methane, yet deactivation remains an 
unsolved impediment mainly due to carbon deposition and NiO sintering. Although 
magnesium (Mg), as a promoter, has been observed to suppress carbon deposition and 
agglomeration of NiO particles under high temperature conditions, resulting improved 
stability of the catalyst, the addition of MgO onto the catalyst at higher amounts caused 
lower catalytic activity. It was found that the catalytic activity decreases sharply when 6 
wt% of Mg was introduced. The Ni surface area decreases with increasing Mg loading. 
Notably, the sequence of Mg loading onto the support was found to have a pronounce 
effect on the metal surface area when high Mg loading applied. Loading Mg onto 
Ce0.75Zr0.25O2 prior to Ni loading was found to yield higher Ni surface area, as a result, 
higher catalytic activities were observed. The stability of NiO-MgO/ Ce0.75Zr0.25O2 
catalysts is comparable to that of Ni/Ce0.75Zr0.25O2 but with less carbon formation. This 
is believed to be due to the formation of NiO-MgO solid solution, which could prevent 
the agglomeration of Ni particles at high temperatures and suppresses the carbon 
deposition on the catalysts. The results also suggested that the formation NiO-MgO 
solid solution is more favorable when Mg was last introduced to Ni/Ce-Zr. 

 

 
 

Fig. 1 The catlytic activities of the catalysts on methane partial oxidation 

 

 
 

Fig. 2 Carbon deposition amount measured by TPO over the catalysts after 6 hours of 
reaction at 750oC and a CH4/O2 ratio of 2 

 



COLL 340 

Development of biocompatible materials 

Montserrat Rabago Smith1, mrabagos@kettering.edu, Xingguo Cheng2.  (1) 
Department of Chemistry and Biochemistry, Kettering University, Flint, Michigan 48504, 
United States  (2) SWRI, San Antonio, TX 78251, United States 

Recently, significance in magnesium as biomaterial has been renewed. Its mechanical 
properties are very similar to bone and it degrades in vivo to non-toxic substances. 
Unfortunately, the corrosion of pure magnesium in vivo is rapid. However, coated alloys 
that corrode at a slower rate may be promising for use in orthopaedic applications. This 
study discusses magnesium coated alloys that demonstrated slowed corrosion in 
simulated body fluid, enhanced biocompatibility and bone re-growth capabilities.  

 
 

COLL 341 

Enhancing the thermal conductivity of polymeric thin-films by incorporation of 
metal nanoparticles 

Nastaran Hashemi, reza@iastate.edu, Reza Montazami.Mechanical Engineering, Iowa 
State University, Ames, Iowa 50011, United States 

Development of efficient stimuli responsive materials is essential to advances in 
biomimetic devices. Liquid-crystal elastomers (LCEs) have been shown to exhibit a 
linear, anisotropic mechanical response to thermal stimulation due to a reversible 
change in orientation of the liquid crystal director, which is tightly coupled to the 
underlying polymer network. Here we report development of a thermomechanical 
nematic LCE actuator containing dispersed gold nanoparticles. Embedding a low 
concentration of gold nanoparticles enhances the inherently low thermal conductivity of 
the elastomer with minimal effect on the elasticity of the cross-linked polymer. Due to 
the high thermal-conductivity of gold, doping LCEs with gold nanoparticles provides 
means to improve the material's response to external stimuli. We quantify the 
mechanical properties, thermoelastic properties and response time of the resultant 
material at different gold nanoparticle concentrations. Under fast heating conditions, the 
gold nanoparticle-doped LCE actuators exhibited >100% increase in the rate of change 
of strain. 

COLL 342 

Influence of gold nanoparticle concentration on the electrochemical performance 
of ionic electroactive polymer actuators 



Reza Montazami1, reza@iastate.edu, Dong Wang2, James R. Heflin2.  (1) Mechanical 
Engineering, Iowa State University, Ames, IA 50011, United States  (2) Physics, Virginia 
Tech, Blacksburg, Virginia 24061, United States 

Functionality of ionic electroactive polymer (IEAP) actuators is based on mobility of ions 
through conductive network composite (CNC) layers. Ionic permeability and electrical 
conductivity of CNC layers are defining factors of efficiency of IEAP actuators. In this 
work we have demonstrated control of ionic permeability and electrical conductivity of 
CNC layers by incorporating and controlling the volume density of gold nanoparticles in 
CNC layers. Varying the concentration of gold nanoparticles in CNC thin-films was used 
as a means to control the CNC–ion interfacial area and electrical resistance of CNC. 
Increasing the interfacial area and electrical conductivity of the CNC, while maintaining 
porosity, provide means for mobilization of more ions at a significantly shorter time, 
which results in generation of strain at a faster rate. We have demonstrated that cationic 
strain and time-dependent response to a square-wave voltage in actuators with denser 
CNCs is improved by 64% and 460% respectively. 

COLL 343 

Electrochemical characterization of cytotoxicity of nanoparticles 

Wangyujue Hong, reza@iastate.edu, Reza Montazami.Mechanical Engineering, Iowa 
State University, Ames, Iowa 50011, United States 

When exposed to a bioenvironment, nanoparticles exhibit different chemical and 
electrochemical properties compare to the bulk material. Oxidation and oxidative stress 
are among the risks posed to the cellular and sub-cellular environment by nanoparticles. 
In this work we have developed a measurement method for redox properties of 
nanoparticle-ligand complexes that complement existing design metrics. We have 
examined the changes in redox properties of a wide range of nanoparticles as a 
function of size, shape, material, functional groups and ligands. It was observed that 
redox potentials of nanoparticle-ligand complexes shift by alternations in physical and 
chemical properties of nanoparticles and ligands. We investigated the shift and 
magnitude of redox potentials of nanoparticle-ligand complexes as a function of material 
and size of nanoparticles as well as molecular weight and structure of ligands. We also 
investigated and quantified participation of ligands in redox reactions via spectroscopic-
potentiostatic hybrid measurements. 

COLL 344 

Porous-conductive nanoparticle-polymer ionic gel electrolyte composite for 
flexible Lithium-ion polymer batteries 

Ruisi Zhang, reza@iastate.edu, Estefania Quintas Colmenares, Reza 
Montazami.Mechanical Engineering, Iowa State University, Ames, IA 50011, United 
States 



Use of gel polymer electrolyte (GPE) materials in secondary-cell Lithium-ion batteries 
has become more common as batteries based on GPE materials have exhibited higher 
efficiency compare to conventional secondary-cell batteries. In addition, use of GPE 
composites in secondary-cell batteries allows designs and shapes of the battery cell 
other than cylindrical. We have synthesized flexible porous-conductive ionic GPE 
materials based on polymers and nanoparticles for use in solid-state polymer batteries. 
We have investigated structural and electrochemical properties of GPE materials based 
on their porosity and conductivity, and have systematically studied and optimized 
porosity of GPE composites by controlling the concentration and size of the embedded 
nanoparticles. Electrical conductivity of GPE composites were controlled by varying the 
volume fraction ratio of metal nanoparticles and insulating nanoparticles. It was 
observed that optimized porous-conductive GPE composites show enhanced 
electrochemical performance and significantly higher capacity compared to 
conventional, non-porous composites, while maintaining their flexibility. 

COLL 345 

Towards rational biomimetic design: A dynamic phenyl molecular switch for Pt 
{111} facet recognition 

Lingyan Ruan1, ruanlingyan@gmail.com, Hadi Ramezani-Dakhel2, Chin-Yi Chiu1, Enbo 
Zhu Zhu1, Hendrik Heinz2, Yu Huang2,3.  (1) Department of Materials Science and 
Engineering, UCLA, Los Angeles, CA 90024, United States  (2) Department of Polymer 
Engineering, University of Akron, Akron, OH 44325, United States  (3) California 
NanoSystems Institute, Los Angeles, CA 90024, United States 

Understanding fundamental origins of biomolecular recognition properties towards 
materials is the key to predictable and programmable biomimetic material design. 
Despite extensive investigations, the evidence is still elusive, and questions on how 
specific biomolecules recognizes specific crystal facets remain. Here, we present a 
detailed mechanistic study unveiling biomolecular facet recognition properties, using a 
well-defined binding pair between platinum {111} facet and a specific peptide (S7) as a 
model system and employing a simple yet reliable strategy by linking the facet 
recognition to the kinetic shape control of colloidal nanocrystals. In contrary to the 
traditional belief in strong affinity of polar motifs (hydroxyl and amide groups), we found 
the facet recognition is achieved through a dynamic phenyl ring “molecular switch” 
which adopts adaptive binding on different crystal facets and creates binding contrast. 
Further insight on binding affinity versus facet specificity was gained through 
examination of the phenol ring of tyrosine. With the mechanistic guidance derived, we 
demonstrated a rational biomolecular design for the predictable biomimetic material 
synthesis.  

 

 
 



COLL 346 

Controlling the confinement of quantum dot excitons through energetic alignment 
of the organic surfactants 

Matthew T Frederick, mattfred@u.northwestern.edu, Victor A Amin, Laura C Cass, 
Emily A Weiss.Department of Chemistry, Northwestern University, Evanston, IL 60208, 
United States 

The coordination of surfactants with frontier orbitals closely aligned to quantum dot (QD) 
orbitals allows for the relaxation of exciton confinement.  

 
 
 
We studied a series of para-substituted phenyldithiocarbamate (PTC) molecules that 
have HOMOs spanning ~1 eV and show that varying the alignment between the QD 
valence band and PTC HOMO influences the degree of exciton relaxation. This control 
of exciton confinement has implications for charge separation and charge transport in 
films of QDs with applications to solar power generation. 

COLL 347 

Analytical centrifugation of commercial fabric softener suspensions: 
Determination of a Stokes sedimentation regime to infer particle size 

Brian J. Love, bjlove@umich.edu, Kiersten M. Batzli.Department of Materials Science 
and Engineering, University of Michigan, Ann Arbor, Michigan 48109, United States 

We have used analytical centrifugation to probe zone settling and clarification of 
commercial fabric softeners formulated as both aqueous mixtures and filled with 
synthetic Laponite clay particles dispersed within. In addition, we have also measured 
how sedimentation velocity is affected by temperature. Analytical centrifugation is 
essentially a scheme by which simultaneous light scattering is tracked as a function of 
radial position while undergoing simultaneous centrifugal acceleration, commercially 
available through LUM Corporation. We will present results of sedimentation velocity 
extracted through the LUMISIZER and resolve how it is affected by the formulation of 
the solution and extensive property variations. We will also show the algorithm to infer 
colloidal vesicle size (~100nm or less) through analysis of so-called iso-concentration 
lines. Correlations are made to the size and structure of other settling dispersions. We 
hope to augment the work with added vesicle microscopy by the fall. 

COLL 348 

Universality in spray-assisted layer-by-layer assembly of oppositely charged 
nanoparticles 



William D. Mulhearn1, mulhearn@seas.upenn.edu, David D. Kim3, Yile Gu2, Daeyeon 
Lee1.  (1) Department of Chemical and Biomolecular Engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, United States  (2) Department of 
Chemical Engineering, Rose-Hulman Institute of Technology, Terre Haute, Indiana 
47803, United States  (3) Department of Mechanical Engineering and Applied 
Mechanics, University of Pennsylvania, Philadelphia, Pennsylvania 19104, United 
States 

Layer-by-Layer (LbL) assembly is a versatile technique to produce uniform and 
conformal thin films, involving the sequential deposition of oppositely charged species. 
Spray-assisted layer-by-layer assembly (spray LbL) accelerates the deposition process 
by delivering solutions of the charged species as a high-velocity mist. We investigate 
spray LbL involving oppositely charged silica nanoparticles and study the fundamental 
kinetics of the spray LbL process. A simple pseudo-first order rate model can be used to 
predict film thickness under various colloid concentrations, spray flow rates, and spray 
times. We show that the spray LbL mechanism consists of two mass transport steps in 
series: bulk spray flux to the substrate surface, followed by random motion of 
nanoparticles through a thin liquid film adhering to the substrate surface. The second 
transport step limits the overall deposition rate, and we examine the importance of a 
convective driving force in accelerating random motion close to the substrate. 

COLL 349 

Specialized probes for AFM-SECM and conductive AFM under liquid 

Romaneh jalilian, David A Mudd, Jose Rivera, Neil Torrez, Mehdi M Yazdanpanah, 
mehdi@nauganeedles.com.NaugaNeedles, Louisville, Kentucky 40299, United States 

Scanning Electrochemical Microscopy (SECM) is widely used as an analytical tool for 
studies of surface reactions and their kinetics at micro-scale. However, the traditional 
SECM techniques suffer from the lack of spatial and lateral resolution. A combination of 
SECM with AFM is desirable to address these limitations. Here, we present a new 
technology for fabrication of probes for AFM-SECM and conductive AFM under liquid. 
Cyclic voltametry and AFM data will be presented that proof the performance of these 
specialized probes.  

 

 
 

COLL 350 

Degradation Mechanism of Methyl Orange Under Photo-Catalysis of TiO2 

Lihong Yu, xiyulihong@gmail.com.Department of Chemistry, The University of 
HongKong, HongKong, China 



The properties of photo-generated reactive species, holes and electrons in bulk TiO2 
(anatase) film andnano-sized TiO2 were studied and their effects towards decomposing 
pollutant dye methyl orange (MO) were compared by transient absorption 
spectroscopies. The recombination of holes and electrons in nano-sized TiO2 was found 
to be on the microsecond time scale while in bulk TiO2 film, the holes and electrons 
recombine to be on the order of picoseconds due to ultra fast free electrons. Photo-
generated holes in nano-sized TiO2 can directly oxidize MO on the time scale of 
nanoseconds, while free electrons photo-generated in bulk TiO2 film can directly inject 
into MO on the order of picoseconds. In polluted water when MO is above 1.6x10-4 M, 
the degradation is mainly due to a direct hole oxidation process, while below 1.6 x10-4 
M, hydroxyl oxidation competes strongly and might exceed the hole oxidation. 

 

 
 
 
 

 
 

COLL 351 

Hydrophobically Modified Hydroxyethyl Cellulose: Synthesis, Characterization, 
and Self-assembled Nanomicelles for Drug Delivery 

Yanzhu Guo1, gyz1984@163.com, Xiaohui Wang1, Xuancai Shu1, Zhuguang Shen1, 
Runcang Sun2.  (1) State Key Laboratory of Pulp and Paper Engineering, South China 
University of Technology, Guangzhou, Guangdong 510641, China  (2) Institute of 
Biomass Chemistry and Technology, Beijing Forestry University, Beijing, China 

Hydroxyethyl cellulose (HEC) is a water soluble semi-synthetic polysaccharide that is 
widely used as thickening agent, hydrophilic gel and framework materials. In this study, 
a novel fully biodegradable amphiphilic graft-copolymer was prepared by hydrophobic 
modification of HEC with р-dioxanone under mild reaction condition using 
dimethylaminopyridine (DMAP) as catalyst. Trimethylsilylated hydroxyethyl cellulose 
(TMSHEC) was firstly synthesized by using hexamethyldisilazane as silylated agent. 
With the partially protection of hydroxyl groups of HEC by silylation, the novel poly(р-
dioxanone) grafted HEC (HEC-g-PDO) copolymers were successfully prepared by 
homogeneous ring-opening graft polymerization and deprotection procedure. The 
structure of HEC-g-PDO copolymers was characterized by FT-IR and 1H-NMR. 
Additionally, the aqueous self-assembly of the copolymers was studied by dynamic light 
scattering (DLS) and transmission electron microscopy (TEM). Fluorescence spectrum 
was used to determine the critical aggregation concentration (CMC) of copolymers. It 
was found that the CMC of HEC-g-PDO copolymers decreased with increasing graft 



ratio of PDO. It is expected that the copolymers of HEC-g-PDO might be used as a 
biodegradable carrier for toxic and hydrophobic drugs. 

COLL 352 

Asymmetric growth in polyelectrolyte multilayers 

Ramy Ghostine, rghostine@chem.fsu.edu, Marie Markarian, Joseph Schlenoff.Florida 
State University, Tallahassee, FL 32304, United States 

The buildup of polyelectrolyte thin films of poly(diallyldimethyl ammonium) chloride 
(PDADMA) and polystyrene sulfonate (PSS) was investigated. The actual amount and 
the counterion charge compensation of the polyelectrolyte chains incorporated into the 
films were calculated by radioactivity experiments. Films were built at different salt 
concentrations by the layer-by-layer assembly technique and the amount of extrinsic 
charge after each layer was measured. The roughness of the films when built at 
different salt concentrations was measured by Atomic Force Microscopy (AFM), and the 
effect of annealing in 1.0 M NaCl was investigated. It was found that there were far 
more positive extrinsic charges when the films were terminated with PDADMA than 
there were negative charges when the films were terminated with PSS. Thus, it appears 
that most of the critical overcompensation in these multilayers is done by PDADMA and 
not by PSS. 

COLL 353 

Surface modification of fibrous structure to design wettability gradient 

Fehime Vatansever, fvatans@g.clemson.edu, Mahmut Oguz Kesimci, Ruslan 
Burtovyy, Konstantin Kornev, Igor Luzinov.Material Science and Engineering, Clemson 
University, Clemson, SC 29634, United States 

This study reports fabrication of gradient polymer coating on a polyester fabric. The 
gradient coating was created using grafting to technique and its dependence on the 
grafting temperature. 

First, polyester fabric was activated with alkali (NaOH) surface treatment. Second, poly 
(glycidyl methacrylate) (PGMA) was deposited on fabric as an anchoring layer. Then, 
dual polymer gradient on polyester fabric was formed by the grafting of polystyrene (PS) 
and polyacrylic acid (PAA). As a result of the grafting, wettability gradient from 
hydrophilic to hydrophobic (change in water contact angle from 0 to 140 degrees on 
fabric) was achieved. Effect of polymer grafting on wicking properties of the fabric has 
been studied. The gradient fabric was tested for control of moisture transport. 

COLL 354 



Synthesis and self-assembly micelles of amphiphilic copolymers and the catalytic 
activity of the micelles immobilized with metal nanoparticles 

Na Hu, eleanor_hu@yahoo.cn, Mingqing Chen.The Key Laboratory of Food Colloids 
and Biotechnology, Jiangnan University[quot]Unaffiliated[quot], Wuxi city, Jiangsu 
Province 214122, China 

The amphiphilic block copolymers polystyrene-b-poly(N-isopropylacrylamide) (PSt-b-
PNIPAM)4 were synthesized by atom transfer radical polymerization (ATRP) in two 
steps. The number-average molecular weight (Mn) and the molecular weight distribution 
(Mw/Mn) could be controlled by the monomer composition. The self-assembly behaviors 
of (PSt-b-PNIPAAM)4 in mixed solution (DMF/H2O) and the lower critical solution 
temperature (LCST) of the resulting micelles were investigated, the results showed that 
the size of the mono-dispersed spherical micelles decreased with the increment of the 
chain length of PNIPAM in the block copolymers and LCST increased. The gold 
nanoparticles (Au NPs) with an average diameter about 5.8 nm were immobilized on the 
surfaces of the micelles with the reduction of the corresponding ions. The obtained the 
micelle-supported gold nanoparticles (Au-micelles) were applied to catalyze the 
reduction of p-nitrophenol in the presence of NaBH4. Moreover, the activity of the Au-
micelle catalyst could be modulated by the temperature. 

COLL 355 

A synthetically facile, acyclic porphyrin dimer selectively binds [70]fullerene over 
[60]fullerene 

Matthew Jurow, Christopher Farley, chris.d.farley@gmail.com, Cesar Pabon, Brian 
Hageman, Aaron Dolor, Charles Drain.Department of Chemistry, City University of New 
York Graduate Center, New York, NY 10016, United States 

The material characteristics of porphyrins and fullerenes make them appealing 
candidates for many nanotechnology applications. In addition to their complementary 
electronic and photophysical properties, it has recently become apparent that there is a 
unique interaction between the flat porphyrin ring and the curved fullerene surface. This 
presents interesting possibilities for the design of supramolecular self-assembled 
systems. Our group has designed a flexible, alkylthiol tethered porphyrin dimer that has 
several synthetic advantages over the rigid, cyclic dimers typically used to bind 
fullerenes. While this molecule exhibits modest binding to C60 in toluene solutions, there 
is a markedly increased affinity for C70. Stern-Volmer plots of the quenched 
fluorescence of the porphyrin dimer indicate a greater than 10-fold selectivity for C70 
over C60. Furthermore, AFM and TEM analysis of drop cast films demonstrate that this 
interaction extends into the solid state, although the assembly architecture may be 
different than in solution. 

COLL 356 



Thermodynamics of low molecular mass organogelator solutions 

Kevin A Cavicchi, kac58@uakron.edu, Li Feng, Brian M Lipowski.Department of 
Polymer Engineering, University of Akron, Akron, OH 44325-0301, United States 

A number of small molecules have been observed to act as gelators in organic fluids, 
forming solutions with solid-like viscoelastic properties at low loading levels. These gels 
are of interest across a broad array of industries including petroleum refining, 
cosmetics, foodstuffs, plastics processing, and advanced materials development. While 
many gelators have been empirically discovered a fundamental question is still: is it 
possible to predict the gelation ability of a small molecule for a specific fluid? This talk 
will discuss our recent efforts to investigate the relationships between the bulk solution 
properties (rheology and morphology) with the thermodynamic phase behavior of small 
molecule gelators in organic fluids. Specifically, solutions were investigated where the 
gelator forms fibrillar, molecular crystal networks that gel the fluid phase. Two topics will 
be emphasized. The first is the strong dependence of gelation on the underlying phase 
behavior and the role of specific features on the gelation, such as liquid-solid and liquid-
liquid phase separation. The second is the use of the regular solution model and 
solubility parameter theory to describe solvent-solute interactions and their utility in the 
design of small molecule gelators. 

COLL 357 

Crystal nucleation in molecular liquids: Insights from molecular simulations 

Jerome Delhommelle, jdelhommelle@chem.und.edu, Caroline 
Desgranges.Department of Chemistry, University of North Dakota, Grand Forks, ND 
58202, United States 

Crystallization first proceeds through a nucleation event. Nucleation, which corresponds 
to the initial formation of a crystalline nucleus, has a strong influence on the crystalline 
structure of molecular nanoparticles and, in turn, on their physical properties. Nucleation 
can be seen as a limiting step in the crystallization. This is because nucleation is 
generally associated with a large free energy barrier that the system has to overcome to 
give rise to the nucleus. We propose in this work to elucidate the molecular mechanism 
underlying the nucleation process. More specifically, using simulation methods suited to 
the study of rare events, we unravel the nucleation process in molecular liquids. 

COLL 358 

Large FePt nanoclusters: synthesis, characterisation and elucidation of formation 
mechanism 

Nguyen TK Thanh1,3, ntk.thanh@ucl.ac.uk, Luke AW Green1,3, Thuy T Trinh2, Shinya 
Maenosono2.  (1) Physics and Astronomy, University College London, London, London 
WC1E 6BT, United Kingdom  (2) School of Materials Science, Japan Advanced Institute 



of Science and Technology, Nomi, Ishikawa 923 1292, Japan  (3) DFRL, The Royal 
Institution of Great Britain, London, United Kingdom 

Due to its high Curie temperature, high saturation magnetization, and high chemical 
stability, FePt NPs are a promising candidate for many applications [1]. Here we present 
FePt nanoclusters of different sizes synthesised via the pyrolysis of iron ethoxide with 
platinum acetyl acetonate [2]. The ratio of precursors to stabilisers was studied; the 
lower the ratio of precursor to stabiliser, the larger the clusters. Changes in 
stabiliser:stabiliser ratio, precursor : stabiliser ratio, and solvent were also studied. In 
dioctyl ether, increasing amount of OLA results in more monodisperse and larger 
clusters. Preliminary SQUID data of 25 – 50 nm clusters indicate superparamagnetism 
at room temp with MS ~ 25 emug-1, this value is significantly lower than expected and 
may be due to the “polycrystalline” nature of the clusters; magnetic moments may 
'cancel' each other out. XRD crystallography allowed facile identification of the most 
prominent FePt fcc phase, however, with changing conditions, peak shifts of this phase 
were observed, alongside evidence of the cubic L12 FePt3 and magnetite phases. TEM 
imaging determined size and morphology of different clusters and STEM allowed 
elemental mapping of select samples. A discussion of cluster formation is presented to 
explain the relationship between synthetic conditions and size, shape, magnetic 
properties and crystallographic data. HRTEM indicates fusion of small crystals (4-6 nm) 
into larger clusters. High magnetic moment NPs may be better for example, for MPI, 
magnetic hyperthermia, MRI and drug targeting via magnetic actuation [3]. Elucidation 
of cluster formation will help in designing better MNPs for applications. By changing the 
phase from fcc to face centred tetragonal (fct), these particles could potentially be used 
in memory storage. 

[1] S. Maenosono, S. Saita, IEEE Trans. Magn. 42 (2006) 1638. 

[2] S. Saita, S. Maenosono, Chem. Mat. 17 (2005) 6624. 

[3] N. T. K. Thanh, Magnetic nanoparticles : from fabrication to clinical applications : 
theory to therapy, chemistry to clinic, bench to bedside, CRC.Taylor & Francis , Boca 
Raton, Florida., 2012. 

COLL 359 

Lysozyme Pattern Formation in Evaporating Droplets 

Heather Meloy Gorr, hlm32@pitt.edu.Department of Mechanical Engineering and 
Materials Science, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, United 
States 

The self-organization of nanoparticles in evaporating droplets of colloidal suspensions 
leads to interesting patterns in the dried residue, which depend on multi-scale transport 
phenomena and interactions between the solute(s), solvent, and substrate. In addition 
to numerous industrial applications, this has attracted recent interest in the biological 



sciences due to potential applications in medical screening and diagnosis. In this study, 
the pattern formation during evaporation of droplets of a simplified model biological fluid 
(DI water + lysozyme) is examined by optical and atomic force microscopy. The drop 
diameters in this study are micro-scale, whereas many related studies examine mm-
scale droplets. For the size range of the drops in this study, the protein movement and 
the resulting dried residue morphology are highly influenced by the rapid evaporation of 
the droplet. Here, we consider the effect of concentration, liquid evaporation rate, and 
particle diffusive motion on the morphology of the deposited drop. 

COLL 360 

Measuring biophysical constants with an NSET torque wrench 

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

Aptamer beacon systems have recently become popular due to their high target 
selectivity, functionalizability, and wide-range of applications. In the biomedical field, 
they are utilizable as detection assays, binding agents, molecular delivery systems, etc. 
Here we report a highly sensitive (Kd=76nM) hairpin aptamer-gold nanoparticle 
conjugate for the optical detection of ATP. Utilizing NSET between the nanoparticle and 
a fluorescent dye, this aptamer beacon system is able to detect and measure ATP 
concentration based upon the conformational change of the hairpin aptamer when ATP-
bound. In the ATP-unbound state, a fluorescent-quenching (“off” state) is observed, 
whereas a fluorescent “on” state is observed in the presence of ATP. Additionally, 
NSET's low optical detection limits make vital kinetic information and binding-site data 
obtainable. This aptamer beacon system shows promise in biomedical monitoring 
systems and, moreover, it achieves a sought-after feat in nanotechnology by producing 
a wealth of information from minimal material and experimentation.  
 

 
 

COLL 361 

Self-assembly of benzo-18-crown-6/crowned-spirobenzopyran copolymers in 
water and controlled release of entrapped organic dyes by photoirradiation 

Yoshio Nakahara, nakahara@center.wakayama-u.ac.jp, Yuki Okazaki, Keiichi 
Kimura.Department of Applied Chemistry, Faculty of Systems Engineering, Wakayama 
University, Wakayama, Japan 

A novel vinyl copolymer incorporating benzo-18-crown-6 (BC) and crowned 
spirobenzopyran (cSP) in the side chain [poly(BC-co-cSP)] was synthesized by free 
radical copolymerization. The spectroscopic measurements made it clear that poly(BC-



co-cSP) spontaneously assembles in water and that its polymeric assembly can 
accommodate hydrophobic organic compounds. Photochromism based on the 
spirobenzopyran moiety was successfully observed even under conditions of polymeric 
assembly formation. This result indicates that photoirradiation can cause significant 
changes in the physical properties of poly(BC-co-cSP). Release behaviors of 
encapsulated organic dyes from polymeric assembly consisting of poly(BC-co-cSP) 
were investigated in Tris–HCl buffer solution (pH 7.4) before and after photoirradiation. 
As a result, controlled release of entrapped organic dyes from polymeric assembly was 
realized using a combination of UV-light and visible-light irradiation in water. 

COLL 362 

Nanoparticle based sensor for identification and differentiation of glycans 

Daniel F Moyano1, dmoyano@chem.umass.edu, S. Gokhan Elci1, Subinoy Rana1, 
Gulen Yesilbag Tonga1, Johnny J Bryant2, Uwe H F Bunz2, Vincent M Rotello1.  (1) 
Department of Chemistry, University of Massachusetts Amherst, Amherst, MA 01003, 
United States  (2) Organisch-Chemisches Institut, Ruprecht-Karls-Universität, 
Heidelberg, Germany 

Glycans are a class of biomolecules recognized as important biomarkers of different 
diseases such as cancer and Alzheimer, where the levels of these carbohydrates in the 
patient biofluids deviate from those of healthy subjects. However, glycan 
identification/differentiation is a challenging problem due to the similarities of their 
chemical structures. We have developed a robust “chemical-nose” sensor array that can 
achieve differentiation of glycans based on the combination of different cationic gold 
nanoparticles and negatively charged conjugated polymers. This system is able to 
selectively discriminate glycans of different size, type, charge and chemical structure in 
a fluorescence turn-on displacement assay. Linear discriminant analysis of the 
fluorescence intensities allows identification of cationic and anionic glycans with a 99% 
correct classification. The limit of detection is as low as 70 µgL-1 (5 nM at a Mn of 14 
kDa). 

COLL 363 

Stimuli-responsive multilayer microgels of poly(methacrylic acid) based on layer-
by-layer assembly on sacrificial templates 

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

We report on a novel type of autofluorescent pH-responsive poly(methacrylic acid) 
(PMAA) microgel particles varying from hollow to porous structures of different inner 
morphology. These microgels were fabricated through hydrogen-bonded layer-by-layer 
(LbL) deposition of poly(methacrylic acid)-based copolymers and poly(N-



vinylpyrrolidone) onto sacrificial templates of various porosity. We showed that the inner 
structure of the PMAA microgels can be controlled through the choice of molecular 
weight of the copolymer and the LbL deposition time. The pH-responsive properties and 
permeability of the microgels were investigated using confocal microscopy. Scanning 
electron microscopy was used to probe the surface morphology of the PMAA multilayer 
microgels. We believe that these microgels hold significant promise as novel pH-
responsive carriers with high loading capacity for controlled drug delivery. 

COLL 364 

Synthesis of polyglycidols with linear and controlled branched structures: Study 
of the reaction kinetics and postmodification into nanosponges as drug delivery 
systems 

Benjamin R Spears, benjamin.r.spears@vanderbilt.edu, Julian Waksal, Brian P 
McGrath, Eva Harth.Chemistry, Vanderbilt University, Nashville, Tennessee 37235, 
United States 

We report on controlled polymerization techniques of poly(glycidol) in which the 
branching can be controlled, ranging from purley linear poly(glycidols) to systems with 
10-25% branching. Polyglycidols with controllable degrees of branching can be 
investigated as valuable alternatives to polyethylene glycol in bioconjugate materials or 
as part of nanoparticle structures. Moreover, we have developed novel glycidol 
monomers with cleavable units to afford degradable materials for drug delivery. In 
several experiments we have optimized the incorporation of these monomers to create 
completely novel poly(gycidols). We will also report on copolymers of valerolactone and 
glycidol as part of supramolecular nanosponge materials, prepared via an 
intermolecular chain crosslinking procedure. 

 

 
 

COLL 365 

Colloidal gels formed from branched poly(N-isopropyl acrlyamide) 

Stephen Rimmer1, s.rimmer@sheffield.ac.uk, james Lapworth1, Amanda Barnes2, 
Dmitrjs Limonov2, Paul Genever2, Mark Coles2, Paul Hatton1.  (1) Chemistry, University 
of Sheffield, Sheffield, South Yorkshire S3 7HF, United Kingdom  (2) Biology, University 
of York, York, North Yorkshire, United Kingdom 

Highly branched poly(N-isopropyl acrylamide) (HB-PNIPAM) and poly(N-isopropyl 
acrylamide-graft-N-vinyl pyrollidinone) (poly(NIPAM-g-NVP) formed colloidal particles 
above the lower critical solution temperature due to a coil-to-globule transition. At 
moderate concentrations these colloidal particles aggregated to form gels. The gels 



were stabilized by repulsive interactions between the polymer end groups of the highly 
branched polymer or the highly solvated polyNVP grafts in poly(NIPAM-g-NVP). HB-
PNIPAM was prepared with both carboxylic acid and oligo-arginine end groups and both 
the rheology and the internal structure were studied. Similarly, the rheological response 
of the poly(NIPAM-g-NVP) was studied and clear gel-points were observed. Also, it was 
possible to add collagen to the poly(NIPAM-g-NVP) to create synthetic-natural hybrid 
gels that were significantly tougher than the non-modified poly(NIPAM-g-NVP) gels. All 
of the gels supported 3D cell culture and the cells could be released by simple cooling, 
which redissolved the polymer as it progressed into the coil confirmation. 

COLL 366 

Simplified drug delivery by inhalation, formulation and device 

Adrienne Stamper, astamper@mannkindcorp.com, Marshall Grant, Kelly 
Kraft.Research and Development, MannKind Corporation, Danbury, CT 06810, United 
States 

MannKind's Technosphere® technology provides a simple, patient friendly method to 
administer drugs to the lung for local or systemic delivery. The technology consists of 1) 
dry powder formulations prepared with FDKP, a novel excipient, and 2) an innovative 
breath-powered inhaler that is “tuned” to the properties of the Technosphere powder. 
The particles have a median size of about 2 µm and are ideal for pulmonary delivery. 
Particles formed by crystallizing the dicarboxylic acid form of FDKP can be “loaded” with 
a wide variety of APIs by adsorbing the drug onto the particles and then removing 
solvent. After inhalation, the FDKP dissolves quickly at physiologic pH and releases the 
drug. The disposition of a drug depends on its properties: drugs that pass through the 
lung are absorbed extremely rapidly into systemic circulation while others remain in the 
lung. The presentation will provide an overview of the Technosphere powder technology 
and its applications. 

COLL 367 

Quantifying Dithiothreitol Displacement of Functional Ligands from Gold 
Nanoparticles – Applications in Nanomedicine 

De-Hao Tsai1, dhtsai@nist.gov, Melanie Shelton1, Frank W DelRio1, Suvajyoti Guha1,2, 
Michael R Zachariah1,2, Vincent A Hackley1.  (1) Materials Measurement Laboratory, 
National Institute of Standards and Technology, Gaithersburg, MD 20899, United 
States  (2) Departments of Mechanical Engineering and Chemistry, University of 
Maryland, College Park, MD 20742, United States 

Dithiothreitol (DTT)-based displacement has been widely used for separating binding 
ligand conjugates from gold nanoparticles (AuNPs), a critical step in order to effectively 
quantify the functionality and dose of AuNP-based therapeutic platforms. In this study, 
we use a combination of dimensional (dynamic light scattering, electrospray-differential 



mobility analysis) and spectroscopic (attenuated total reflectance Fourier-transformed 
infrared spectroscopy) methods to characterize the efficacy of DTT-displacement. 
Thiolated polyethylene glycol (SH-PEG) and bovine serum albumin (BSA) were chosen 
as representative ligands for attachment to the AuNPs. The key results indicate that 
DTT does not completely displace the surface bound BSA and SH-PEG, and more 
importantly that the displacement ratio is dependent on the binding affinity between the 
conjugated ligands and the Au surface. Our work demonstrated here can be used as a 
prototype approach to quantitatively study the removal efficiency of other ligands, such 
as other proteins or deoxyribonucleic acid, from nanoparticles. 

COLL 368 

Morphology effects of mesoporous silica nanoparticles on human erythrocytes 

Madhura Joglekar, madhura@iastate.edu, Robert A Roggers, Yannan Zhao, Brian G 
Trewyn.Department of Chemistry, Iowa State University, Ames, Iowa 50011, United 
States 

With the vital role played by nanoparticle shape and size in targeted drug delivery, study 
of haemocompatibility becomes an important aspect when considering the overall 
toxicity of these nanoparticle based drug delivery systems. In the present study, MCM-
41 type mesoporous silica nanoparticles (MSN) having spherical and tubular 
morphologies were synthesized via a previously developed methodology. The four MSN 
morphologies had similar surface and pore properties. The cellular association of these 
varied MSN morphologies with the human red blood cell (RBC) membrane was 
investigated and the effects of particle morphology on plasma membrane integrity were 
evaluated using advanced cell biology and imaging techniques in addition to UV-vis 
spectroscopy. It was demonstrated that the subtle damage and shape changes in the 
RBCs which do not lead to the total rupture of the cell membrane to leach out 
measurable quantities of haemoglobin are beyond the detection limits of UV-vis 
spectroscopy and other advanced techniques are necessary when investigating the 
haemocompatibility of these nanoparticles. In addition, all the MSN morphologies were 
evaluated for passive internalization by RBCs. Our study provides a basis for designing 
more complex and haemocompatible MSN based drug delivery vehicles with varied 
morphologies for specific applications. 

COLL 369 

Magnetic relaxation processes in functionalized iron oxide nanoparticles and 
their assemblies 

G. C. Papaefthymiou1, gcp@villanova.edu, E. Devlin2, D. K. Yi3, S. S. Lee3, S. N. 
Riduan3, J. Y. Ying3.  (1) Department of Physics, Villanova University, Villanova, PA 
19085, United States  (2) Institute of Materials Science, NCSR Demokritos, Athens, 
Greece  (3) Institute of Bioengineering and Nanotechnology, Singapore 



The magnetic characterization of functionalized, biocompatible γ-Fe2O3/SiO2/MS core-
shell nanoarchitectures with finely tuned silica and mesoporous silica (MS) shell 
thicknesses (4-46 nm) is presented. Optimization of the magnetic properties of such 
reverse-microemulsion-derived nanocomposites is of great importance in the design of 
effective bio-nanoprobes for a variety of applications ranging from MRI enhancement, 
drug and DNA delivery and hypethermia cancer therapy. Mössbauer spectroscopy and 
SQUID magnetometry are simultaneously employed to probe magnetic order and spin 
relaxation processes. TEM micrographs indicate that the magnetic nanoparticle size is 
in the superparamagnetic regime (~12.5 nm diameter). Magnetic signatures 
corresponding to (a) isolated particles characterized by a blocking temperature and 
Néel type superparamagnetic relaxation and (b) weakly and strongly interacting 
magnetic nanoparticles characterized by a spin-glass-like transition temperature with 
collective relaxation processes are observed. Such studies are of relevance to 
relaxation mechanisms of dispersed vs. agglomerated ferrofluids used in MRI 
enhancement and hypethermia cancer therapy. 

COLL 370 

Preparation of poly(ethylene glycol)/hydroxyapatite hybrid nanomaterials with 
different crystallinity and morphology 

Jianbin Luo1,2, Shuxuan Qiu2, Huining Xiao1, hxiao@unb.ca.  (1) Department of 
Chemical Engineering, University of New Brunswick, Fredericton, NB E3B 5A3, 
Canada  (2) College of Chemistry & Environ. Eng., Southwest University for 
Nationalities, Chengdu, Sichuan 610041, China 

Re-dispersible hydroxyapatite (HA) colloids were synthesized using poly(ethylene glycol 
ether) dihydrogen phosphate (P-MPEG) as a steric hindrance agent. Differing from 
other techniques, this is a bottom-up method where the particle formation and surface 
modification were done at the same time. WIth the same method, Poly (ethylene glycol) 
(PEG) functionalized calcium-phosphate ceramics with different crystallinity and 
morphology were also prepared in methanol/water mixtures. The resulting ceramics 
were characterized with FTIR, XRD, Laser Particle Analyzer and TEM. Partially 
crystallized hydroxyapatites (HAs) were obtained when the methanol concentration was 
below 25 vol.% while the amorphous calcium phosphates (ACPs) were produced when 
the methanol concentration exceeded 50 vol.%. Interestingly, rod-like HA particles were 
formed in water without methanol; and spherical HA particles were formed in 25 vol.% 
methanol. Such re-dispersible hybrid nanomaterials can be used in biomedical fields 
such as drug carriers and hard tissue reconstructions when blended with polymers. 

COLL 371 

Porous and Stealthy Polymer Coated Magnetic Colloidal Particles for Microfluidic 
System 



Joo-Ho Yun, chief35@naver.com, Kyung Min Jang, Sung Yun Yang.Department of 
Polymer Science and Engineering, Chungnam National University, Daejeon, Republic of 
Korea 

Studies in microfluidic devices usually deal with sophisticated nanostructures for 
improving their performance but it is equally important to control the chemical, physical 
nature of the channels where the actual event would be held. This need in manipulating 
surface properties of microfluidic channel, however, has not been easy question since 
there are only limited choice of materials can be provided. In this paper, we introduce 
the functionalized substrate coatings with nano-porous and biologically inert properties, 
which can be a great candidate to solve the problems in micro-fluidic device 
modification. In particular, stimuli-responsive polyelectrolytes were used for the surface 
wettability control, chemical functionality and patterning. With these polymer coatings, 
aqueous analyte solution was successfully delivered into micro-channel without external 
pressurized devices. In addition to that, surface-functioanlized nonoparticles were 
combined to the system, which may be useful in delivery and/or detection for 
biosensors. 

COLL 372 

Ceria nanoparticles as therapeutics for ischemic stroke 

Taeho Kim, cephas@snu.ac.kr, Taeghwan Hyeon.World Class University (WCU) 
Program of Chemical Convergence for Energy & Environment (C2E2), School of 
Chemical and Biological Engineering, Seoul National University, Seoul, Republic of 
Korea 

Ischemic stroke is the leading cause of adult disability in the US and the second leading 
cause of death worldwide. However, no reliable neuroprotective therapy for ischemic 
stroke has been identified for clinical practice. Reactive oxygen species (ROS) are a 
major cause of ischemic brain injury, and ceria nanoparticles are known to exhibit 
potent free radical scavenging activity. We show that discrete and uniform 3 nm-sized 
ceria nanoparticles can protect against ischemic infarct. PEGylated ceria nanoparticles 
showed protective effects against ROS-induced cell death in vitro. Optimal dose of ceria 
nanoparticles reduced infarct volume and ischemic cell death, and targeted the infarct 
site after intravenous injection in vivo. These protective effects of ceria nanoparticles 
were mediated by scavenging of ROS and a decrease in apoptosis. These results 
suggest that ceria nanoparticles are promising therapeutic agents for the patients with 
ischemic stroke. 

COLL 373 

DNAzyme-nanoparticle conjugates: From cooperative catalytic properties to gene 
knockdown 



Kevin M Yehl, kyehl@emory.edu, Khalid Salaita.Department of Chemistry, Emory 
University, Atlanta, GA 30322, United States 

Deoxyribozymes (DNAzymes) are catalytic oligonucleotides that have shown great 
potential in regulating gene expression in animal models. The main challenge to the 
widespread adoption of DNAzymes as therapeutics pertains to limitations in cellular 
delivery and intracellular stability. To address these challenges, we synthesized 
polyvalent DNAzyme-gold nanoparticle (DzNP) conjugates and investigated their 
catalytic properties. This presentation will discuss the properties of these multi-enzyme 
assemblies and the role of DNAzyme density, linker length and composition, and 
enzyme orientation on catalysis. Importantly we demonstrate that certain DzNPs can be 
photo-activated with high spatial and temporal resolution using visible wavelengths (λ= 
532 nm). We will also show that DzNPs can readily enter mammalian cells to 
catalytically regulate gene expression in model cancer cell lines. 

 

 
 

COLL 374 

Structure and Function of Glucose Binding Protein-Single Walled Carbon 
Nanotube Complexes 

Thomas McNicholas, tmcnich@MIT.edu.Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139, United States 

Understanding the structure and function of glucose binding proteins complexed with 
Single Walled Carbon Nanotubes (SWNT) is important for the development of many 
applications, including near infrared fluorescent sensors and nanostructure particle 
tracking. Here-in, we utilize circular dichroism, thermal denaturation, photo-absorption 
spectroscopy and atomic force microscopy to study such nanostructures synthesized by 
conjugating glucose binding protein (GBP) to a poly vinyl alcohol (PVA) scaffold used to 
wrap SWNT. We find that such coupling schemes yield approximately 0.9 proteins per 
nanotube. The protein retains its glucose-binding activity after complexation and is 
thermally stable below 36 °C. Above this temperature threshold, the hydrophobic 
nanotube is shown to increase the denaturation, lowering the midpoint denaturation 
temperature (Tm) by 5 °C and 4 °C in the absence and presence of 10 mM glucose, 
respectively. This data highlights that using techniques such as circular dichroism 
spectroscopy and thermal denaturation may be necessary to fully characterize such 
protein-nanomaterial nanostructures. 

COLL 375 

Water-dispersible ferrimagnetic Fe3O4 nanocubes with high r2 relaxivity for in 
vivo MRI of tumors 



Nohyun Lee1, randy@snu.ac.kr, Youjin Lee1, Seung Hong Choi2, Taeghwan Hyeon1.  
(1) World Class University Program of Chemical Convergence for Energy & 
Environment, and School of Chemical and Biological Engineering, Seoul National 
University, Seoul, Republic of Korea  (2) Diagnostic Radiology, Seoul National 
University Hospital, Seoul, Republic of Korea 

The theoretically predicted maximum of r2 relaxivity of Fe3O4 nanoparticles was 
achieved by adjusting the overall size of ferrimagnetic iron oxide nanocubes. Water-
dispersible ferrimagnetic iron oxide nanocubes (WFIONs) with an edge length of 22 nm, 
encapsulated with PEG- phospholipids, successfully overcome the magnetic dipole 
interaction and exhibited high colloidal stability in aqueous media. In addition, highly 
biocompatible WFIONs did not affect cell viability at concentrations up to 0.75 mg(Fe) 
ml-1. Due to their colloidal stability and the high r2 relaxivity, it was possible to perform in 
vivo MR imaging of tumors by intravenous injection of 22-nm-sized WFIONs, using a 
clinical MR scanner. 

COLL 376 

Dendritically functionalized upconverting nanoparticles as biological 
nanosensors 

Tatiana V. Esipova1, tatianae@mail.med.upenn.edu, Xingchen Ye2, Joshua E. Collins3, 
Sava Sakadžić4, David A. Boas4, Christopher B. Murray2, Sergei A. Vinogradov1.  (1) 
Department of Biochemistry and Biophysics, University of Pennsylvania, Philadelphia, 
Pennsylvania 19104, United States  (2) Department of Chemistry, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, United States  (3) Intelligent Material 
Solutions Inc, Princeton, New Jersey 08540, United States  (4) Martinos Center for 
Biomedical Imaging, Massachusetts General Hospital, Charlestown, Massachusetts 
02129, United States 

We present new optical sensors for in vivo depth-resolved multiphoton imaging, based 
on dendritic up-converting lanthanide nanoparticles (UCNPs). UCNPs are capable of 
efficient conversion of NIR-excitation into the visible light via sequential harvesting of 
two (or more) infrared photons and population of long-lived real intermediate states. 
This unique up-conversion mechanism underpins extremely high multiphoton absorption 
cross-sections of UCNPs, allowing excitation with low-power continuous wave sources. 
Complete lack of background noise makes UCNPs highly advantageous for biological 
imaging. Modification of UCNPs with hydrophilic dendrimers in a single step converts 
them into highly water-soluble, biocompatibile multiphoton imaging probes. In a proof-
of-principle experiment, dendritic UCNPs permitted mapping of the cortical vasculature 
in a mouse down to ~400 μm below the surface. When dendrimer cores are chosen to 
be optically responsive to selected biological analytes (e.g. pH, pO2), UCNP-to-
dendrimer energy transfer can be employed to couple up-converted UCNP emission to 
ratiometric sensing. 

COLL 377 



Colorimetric protein sensing using catalytically amplified sensor arrays 

Xiaoning Li1, xiaoning@chem.umass.edu, Fang Wen2, Brian Creran1, Youngdo 
Jeong1, Xinrong Zhang2, Vincent M Rotello1.  (1) Department of Chemistry, University of 
Massachusetts Amherst, Amherst, MA 01003, United States  (2) Department of 
Chemistry, Beijing Key Laboratory of Analytical Methods and Instrumentation, Tsinghua 
University, Beijing, Beijing 100084, China 

A new colorimetric strategy for the detection of proteins was developed in this work 
using synthetic enzyme mimics in replacement of natural enzymes as signal amplifiers. 
Colorimetric protein sensors have been reported with great potentials for point-of-care 
applications in clinical treatment. Natural enzymes commonly employed in such sensors 
for signal amplification, however, limit sensor application due to enzyme instability and 
activity variation. The use of artificial enzyme mimics provides a new way to fabricate 
robust protein sensors. The array-based sensor relies on analyte-protein-induced 
modulation of the peroxidase-like activity of iron oxide nanoparticles (Fe3O4 NPs). 
Different proteins bound to Fe3O4 NPs modulate enzymatic activity in different fashions 
which are amplified through a catalytic colorimetric reaction. Reproducible colorimetric 
signal patterns were generated, enabling rapid detection and identification of ten 
proteins at a 50 nM concentration. 

COLL 378 

Small and stable zwitterated iron oxide nanoparticles: One pot, one shot 

Zaki G. Estephan, zaki.estephan@gmail.com, Joseph B. Schlenoff.Department of 
Chemistry and Biochemistry, The Florida State University, Tallahassee, Florida 32306, 
United States 

Preparation of biocompatible superparamagnetic nanoparticles often involves separate 
synthesis and modification steps where the surface chemistry is manipulated post-
synthesis to achieve the desired properties. Particle zwitteration, i.e. the introduction of 
a zwitterionic moiety on the surface, has gained a lot of momentum lately due to the 
exceptional ability of zwitterated surfaces in reducing non-specific interaction in protein 
rich environment. Here we present a simple aqueous route for the production of 
zwitterated superparamagnetic iron oxide nanoparticles of less than 10 nm in 
hydrodynamic diameter with magnetic properties that are size dependant. The particles 
are stable in pH 6-9 and do not aggregate under bio-mimetic conditions when incubated 
with fetal bovine serum or albumin. 

COLL 379 

NANO-DELIVERY FOR AGRICULTURAL CHEMICALS 



Qiang Zhang, qiangzhang@dow.com, Dale Schmidt, Tom Kalantar, Min Zhao, Lei Liu, 
Robert Ehr, Todd Mathieson, Mike Tolley, Kerrm Yau, Steven Wensing, Mark 
Zettler.The Dow Chemical Company, United States 

The efficacy of agricultural chemicals such as insecticides and fungicides depends on 
uptake into the target pest or plant. Penetration and uptake through the epidermis are 
often the limiting step. Nano-technology can offer a broadly applicable delivery system, 
with designed surface functionality, to deliver active ingredients more 
efficiently/effectively than conventional delivery systems. Nanoparticles with 
encapsulated active ingredients were prepared using miniemulsion polymerization. 
Functional nanoparticles with different sizes, surface charge signs and densities, and 
surface functionality for bio-conjugation, were synthesized. Our cellular uptake study 
demonstrated the penetration, uptake, and mobility of nanoparticles in model cell 
systems.  

 
 
 
The subsequent hydroponic delivery study demonstrated that several nano-
encapsulated pesticides can transport through root and move upward through xylem. 
When compared to conventional micron-sized formulations, certain nano-capsule 
formulations demonstrated higher levels of activity. 

COLL 380 

Preparation of casein coated iron oxide nanoparticles and their application in 
magnetic resonance imaging 

Jing Huang1, jing.huang@emory.edu, Liya Wang1, Run Lin1, Andrew Y Wang2, Lily 
Yang3, Hui Mao1.  (1) Department of Radiology and Imaging Sciences, Emory University 
School of Medicine, Atlanta, GA 30322, United States  (2) Ocean NanoTech, LLC, 
Springdale, AR 72764, United States  (3) Department of Surgery, Emory University 
School of Medicine, Atlanta, GA 30322, United States 

We report novel casein protein coated iron oxide nanoparticles (CSIOs) as a 
biocompatible and highly efficient contrast agent for magnetic resonance imaging (MRI). 
Developed CSIOs have a hydrodynamic size of ~30 nm, and can well disperse in 
various buffers with the storage time up to several months. The MTT cytotoxicity assay 
showed that CSIOs have no significant cytotoxicity. With casein coating, CSIOs exhibit 
2.5 times higher transverse relaxivity than the synthetic polymer coated iron oxide 
nanoparticles with the same core. MRI studies demonstrated high contrast 
enhancement of liver and spleen. Both ex vivo biodistribution analysis and in vitro 
experiment with macrophages proved these CSIOs can reduce non-specific cell uptake 
and escape from RES, with long blood half life time. Furthermore, CSIO can be 
functionalized with cell targeting ligands, enabling specific targeting to cancer cells 
overexpressing receptors. These favorable properties suggest CSIOs as a potential 
platform for related biomedical applications. 



COLL 381 

Study on the blood compatibility of graphene oxide nanoparticles 

Hyoung-Mi Kim1, annabb@hanmail.net, Jae-Min Oh1, Kyoung-Min Kim2, Yoon-Suk 
Kim3, Min-Ho Lee3.  (1) Department of chemistry and medical chemistry, Yonsei 
university, Wonju-si, Gangwon-do 220-710, Republic of Korea  (2) Department of 
Chemistry, Yonsei university, Wonju-si, Gangwon-do 220-710, Republic of Korea  (3) 
Department of Biomedical Laboratory Science, Yonsei University, Wonju-si, Gangwon-
do 220-710, Republic of Korea 

We investigated the blood compatibility of graphene oxide (GO), which is recently 
attracting interest in drug delivery carrier, utilizing human whole blood and 
representative plasma proteins. GOs were prepared by modified Hummer's method 
from natural graphite. The effective oxidation of graphite to GO was corroborated by the 
powder X-ray diffraction patterns, infrared and Raman spectra. The hemotoxicity of GOs 
was evaluated by concentration-dependent and time-dependent hemolysis assay 
utilizing human whole blood. There observed no significant damages on human blood in 
0.5, 3, 24 hours at concentration of 2 mg/mL. In order to check that the nanoparticles 
are located on the surface of blood cells without damaging the morphology, GO 
nanoparticles treated blood samples observed with the optical microscope and scanning 
electron microscopy. We further investigated the interaction between GO and 
representative plasma proteins like human serum albumin, gamma-immunoglobulin and 
fibrinogen. The GO treated plasma proteins showed concentration-dependent 
fluorescence quenching. 

COLL 382 

Encapsulation of Angelica gigas Nakai extracts inorganic nanolayers via 
reconstruction route 

Tae Hyun Kim1, th.kim@yonsei.ac.kr, Ae-Jin Choi3, Chung-Berm Park3, Jae-Min Oh2, 
Jin-Ho Choy4.  (1) Department Chemistry, Yonsei University, Wonju, Gangwondo 220-
710, Republic of Korea  (2) Department of Chemistry and Medical Chemistry, Yonsei 
University, Wonju, Gangwondo 220-710, Republic of Korea  (3) National Institute of 
Horticultural & Herbal Science, Rural development administration, Eumseonggun, 
Chungcheongbukdo 369-873, Republic of Korea  (4) Department of Bio Inspired 
Science and Department of Chemistry and Nano Science, Ewha Womans University, 
Seodaemun-Gu, Seoul 120-750, Republic of Korea 

To prepare the hybrid between natural product and inorganic material, we have utilized 
layered nanoparticles of Mg/Al mixed hydroxide, which is often referred to layered 
double hydroxide (LDH), as inorganic part and the root or flower extract of Angelica 
gigas Nakai as functional natural product. LDHs have been studied as encapsulant for 
vulnerable bio-substances and the extract of Angelica gigas Nakai have long been 
utilized as antioxidant agent or in the treatment of inflammation. LDHs with Mg/Al 



composition was obtained by coprecipitation and then clacined to mixed oxide for 
reconstruction. The scanning electron microscopic results exhibited that the hybrids 
have plate-like morphology having ~100nm size and the nanolayers are randomly 
stacked to create house-of-card structures with many macropores. From high 
performance liquid chromatography and UV-Vis spectometer, we investigated the 
amount of encapuslated extracts and the chemical compositions were evaluated with 
induced coupled plasma-atomic emission spectroscopy and CHNS elemental analysis. 

COLL 383 

Engineering design of nanostructured metal oxide particles with enhanced 
catalytic and molecular adsorption activity 

Lia Stanciu, lstanciu@purdue.edu, Yu-Ho Won.Department of Materials Engineering, 
Purdue University, West Lafayette, IN 47906, United States 

Cu2O and Ag2O particles were synthesized into different shapes such as cube, 
truncated octahedron, octahedron, and hexapod. Subsequently their morphology-
dependent electrochemical and photocatalytical properties were tested in example 
applications. The octahedral and hexapod Ag2O and Cu2O that exposed {111} 
crystallographic orientations showed higher sensitivities than the electrodes with cubic 
Ag2O and Cu2O, which exposed {100} orientations at their surface. This indicates that 
the {111} facets are more electrically conductive than the {100} facets in both Ag2O and 
Cu2O particles. In glucose sensing configurations, the device sensitivity rather than the 
detection limits were more affected by particle shapes. Heterogeneous systems where 
Au NPs were deposited on the surface of Ag2O and Cu2O particles were also tested. 
These materials showed that the hexapod shaped particles synergetically combined the 
effect of the electrocatalytic ability towards glucose oxidation of Au NPs, with the 
increased electrical conductivity of {111} facets of the hexapod Cu2O particles. Similar 
trends regarding particle shape versus chemistry were observed when the 
photocatalytic properties towards the decomposition of methyl orange (a sample organic 
compound) were analyzed. While the inherent physical and chemical properties of the 
materials themselves maintain the dominant role in their catalytic capacity, having the 
opportunity to control the shapes and surface orientation of various particles can assist 
in fine tuning certain properties, such as the sensitivity of electrochemical sensing or 
photocatalytical properties. 

 

 
 

COLL 384 

Gold labeled low density lipoprotein nanoparticles: Imaging lipoprotein 
biointeractions with CT, TEM and fluorescence 



Iris E Allijn1,2, Wei Leong2, wl2262@columbia.edu, Jan A Post3, Zahi A Fayad2, Edward 
A Fisher4, Willem J Mulder2, David P Cormode2.  (1) Department of Targeted 
Therapeutics, MIRA Institute, University of Twente, The Netherlands  (2) Translational 
and Molecular Institute, Mount Sinai School of Medicine, New York, NY 10029, United 
States  (3) Department of Biomolecular Imaging, Utrecht University, The Netherlands  
(4) Department of Cardiology, New York University, New York, NY 10016, United States 

LDL plays an important role in essential biological functions such as cholesterol 
transport and maintenance of cell membranes, but, LDL is also a defining factor in the 
progression of atherosclerosis and tumor growth. We have developed a method using 
gold nanoparticles and fluorophores to label LDL (AuLDL) (A, B), enabling the imaging 
of LDL and its bioprocesses including cholesterol metabolism, atherosclerotic plaque 
formation, and oncogenesis via TEM, CT, and fluorescence. We have shown that 
AuLDL is similar to native LDL with regard to oxidized protein content (C) and is taken 
up by cells in a receptor-mediated manner (D). The imaging capability of AuLDL using 
CT was confirmed using spectral CT to visualize the distribution of the particles in 
B16F10 tumor mice injected with AuLDL (E). Our results highlight the practicality of the 
gold nanoparticles in imaging and the versatility of the particles, creating potential for 
use in targeted therapies.  

 
 

COLL 385 

Synthesis and in-situ functionalization of silver/gold nanoparticles and 
luminescent nanoclusters by direct reduction and size focussing 

Habeeb Muhammed Madathumpady Abubaker, hmuhammed@chem.fsu.edu, Fadi 
Aldeek, Goutam Palui, Hedi Mattoussi.Department of Chemistry and Biochemistry, 
Florida State University, Tallahassee, Florida 32306, United States 

Metallic non-luminescent nanoparticles (NPs) and non-metallic luminescent 
nanoclusters (NCs) of the same element are two exciting groups of nanomaterials 
exhibiting entirely different optical, physical and chemical properties. We have 
developed a synthetic rationale to grow an array of silver/gold NPs and NCs using 
ligands made of polyethylene glycol (PEG) segment appended with thioctic acid (TA) 
and terminated by inert (-OCH3) or reactive (-COOH/-NH2) groups. The particle size can 
be controlled by varying the metal-to-ligand molar ratios and tuning the solution 
conditions. We also found that this route allows polydisperse AgNPs to be size-
focussed into monodisperse and fluorescent AgNCs. The NCs are highly luminescent 
and they emit in the far red to near infrared (NIR) region of the optical spectrum; they 
also exhibit great colloidal stability. Introduction of PEG segments in the ligand 
promotes water solubility while allowing subsequent functionalization and potential 
coupling to target biomolecules. 

COLL 386 



Progress Toward Self-Assembled Amphiphilic Radio-opaque Polyesters via 
"Click" Reactions 

Brooke A Van Horn, vanhornba@cofc.edu, Caroline C Duncan, Marcus J Henderson, 
Kristin A Arabea.Chemistry and Biochemistry, College of Charleston, Charleston, SC 
29401, United States 

With two of the most common processes for imaging in the human body being general 
X-ray radiography and computed tomography (CT) technologies and the growing need 
for improved means to deliver drugs and chemotherapy to specific tissues and cellular 
targets, researchers are exploring and developing new imaging agents from novel 
nanoscale vessels as alternatives to traditional unspecific small molecule, high dosage 
therapies and contrast agents. Our undergraduate-only research lab at College of 
Charleston is preparing functional poly(epsilon-caprolactone) systems with engineered 
radio-opacity (from grafted iodinated small molecules) and water-solubility (from grafted 
poly(ethylene oxide) chains) via “Click” chemistries. This presentation will focus on our 
synthetic efforts and our cumulative characterization of the novel materials by proton 
and carbon nuclear magnetic resonance (NMR), infrared (IR) spectroscopies, gel 
permeation chromatography (GPC) and their self-assembly in aqueous solution by 
dynamic light scattering (DLS). 

COLL 387 

A hybrid agent for magnetic resonance imaging with a GdDOTA capsule and a 
lipid core 

Marc A Walters, marc.walters@nyu.edu, Sujeethraj Koppolu, Joo-Hyung 
Kim.Chemistry, New York University, New York, New York 10003, United States 

A hybrid nanoparticle has been prepared that incorporates a solid lipid nanoparticle 
(SLN) core in a polyanionic capsule formed of crosslinked lanthanide 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetate-complexes, [LnDOTA]-, where Ln = La, 
Eu, and Gd. The SLN core consists of emulsifying wax (EW) with the surfactant 
cetyltrimethylammonium (CTA) forming a cationic lipid boundary layer. Fluorescence 
and NMR data verify the formation of a stable capsule. Relaxivity measurements show 
the construct to have a higher relaxivity than monomolecular GdDOTA. The uptake of 
substituents in the lipid core for secondary imaging modalitites will be described. 

COLL 388 

Microgel-based Delivery of Bioactive Soluble Factors for Articular Cartilage 
Engineering 

Sathish Ponunrangam1, sp2522@columbia.edu, Grace D O'Connell2, Ponisseril 
Somasundaran1, Clark T Hung2.  (1) Earth and Environmental engineering, Columbia 



University, New York, New York 10027, United States  (2) Biomedical Engineering, 
Columbia University, New York, New York 10027, United States 

During the growth of articular cartilage in hydrogel scaffold in vitro, the extracellular 
matrix elaborated by chondrocytes hinders further diffusion of nutrients with time in 
culture. This causes spatially inhomogeneous mechanical properties. Thus, the goal of 
our study is to investigate the use of polymeric microgels as a delivery vehicle for 
essential nutrients which is embedded in a chondrocyte-seeded agarose scaffold to 
overcome the problem of decreased diffusion of nutrients. In particular, we study the 
effects due to the in situ delivery of vitamin C and TGF-β3 using embedded microgels 
made up of poly(sebacic anhydride) polymer. This polymer has earlier been reported to 
be biocompatible and biodegradable. We also discuss the effects of polymer 
concentration on the cell viability and the possible mechanisms of cytotoxicity as well as 
ways of mitigation. 

COLL 389 

Electrophroetically prepared nanohybrid of biocompatible polymer and drug 
delivering nanoparticle 

Jae-Min Oh1, jaemin.oh@yonsei.ac.kr, Seung-Min Paek2, Gyeong-Hyeon Gwak1.  (1) 
Department of Chemistry and Medical Chemistry, Yonsei University, Wonju, 
Gangwondo 220-710, Republic of Korea  (2) Department of Chemistry, Kyungpook 
National University, Bukgu, Taegu 702-701, Republic of Korea 

We have successfully prepared homogeneous nanohybrid of biocompatible polymers 
and layered metal hydroxide (LMH) nanoparticles via electrophoretic route. Hydrogels 
made of biocompatible polymers such as agarose and gelatin are frequently utilized as 
topical drug delivery and LMHs are known as potential drug delivery carrier. Polymer 
hydrogels were first prepared in 1 ~ 2 % Tris-Cl buffer (pH 7.4), and precursors for 
nanoparticles such as metal cations, hydroxide and carbonate anions were forced into 
the gels by electric potential. According to the X-ray diffraction (XRD) patterns and X-ray 
absorption spectrum (XAS), it was exhibited that the composite materials have 
nanoscipic LMH particles in it and the crystal structures of nanoparticles are almost 
similar to that of conventionally prepared ones. Scanning electron microscopy revealed 
that the electrophoretically prepare composite showed homogeneous dispersion of 
nanoparticles in hydrogel matrix, while the simple mixture of conventionally prepared 
nanoparticles and hydrogel showed uneven distribution. 

COLL 390 

Biodistribution and clearance studies of NIR dye functionalized, water soluble, 
resorcinarene nanocapsules 

Ramjee Balasubramanian1, bramjee@odu.edu, Christopher J Osgood2, Kalpana 
Mahadevan1, Venkata Suresh Patthipati2, Sangbum Han1, R. James Swanson2.  (1) 



Department of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 
23529, United States  (2) Department of Biology, Old Dominion University, Norfolk, VA 
23529, United States 

This presentation will describe the synthesis of relatively larger, water-soluble, 
resorcinarene nanocapsules functionalized with NIR fluorescent dyes and their 
application in biomedical imaging. We have developed a thiol-ene photopolymerization 
based one-pot synthesis and functionalization method for hollow polymeric 
nanocapsules, which does not involve a sacrificial template, surfactants or self-
assembly. Water soluble nanocapsules generated by such a strategy were 
functionalized with Alexa Fluor dyes and injected into mice. The biodistribution and 
clearance of such resorcinarene nanocapsules investigated by whole-body fluorescence 
imaging, will also be presented. 

COLL 391 

Lisinopril-coated gold nanoparticles as targeted CT nanoprobes for monitoring of 
cardiovascular diseases 

Marie-Christine Daniel1, mdaniel@umbc.edu, William E. Ghann1, Omer Aras2, 
Thorsten Fleiter3.  (1) Department of Chemistry and Biochemistry, University of 
Maryland Baltimore County, Baltimore, MD 21250, United States  (2) Department of 
Radiology and Imaging Science and Molecular Imaging Program, National Institute of 
Health, Bethesda, MD 20892-1088, United States  (3) Department of Radiology, 
University of Maryland Medical System, Baltimore, MD 21201, United States 

Gold nanoparticles (GNPs) conjugated with Lisinopril via amine, disulfide and dithiolate 
linkages were prepared by ligand exchange reaction between citrate-stabilized GNPs 
and lisinopril or a sulfur-containing derivative. The functionalized GNPs were fully 
characterized using several different techniques. Chemical stability studies in biological 
relevant media such as PBS buffer, and in high salt concentration were conducted. 
Their relative stabilities toward lyophilization and against cyanide-induced 
decomposition were also investigated. Due to their high stability, lisinopril-thioctic acid 
gold nanoparticle conjugates were used to assess the targeting of angiotensin 
converting enzyme (ACE) using X-ray computed tomography (CT). The images 
obtained clearly showed targeting of ACE, whose overexpression is associated with 
development of cardiac and pulmonary fibrosis. Thus the new nanoprobes prepared 
here will serve as very useful tools for the monitoring of cardiovascular 
pathophysiologies using X-ray CT imaging. 

COLL 392 

Unraveling the formation pathway of iron oxide nanoparticles 

Cristina Blanco-Andujar1,2, Daniel Ortega1,2, Quentin A Pankhurst1,2, Nguyen TK 
Thanh1,2, ntk.thanh@ucl.ac.uk.  (1) Davy Faraday Research Laboratory, The Royal 



Institution of Great Britain, London, United Kingdom  (2) Department of Physics and 
Astronomy, University College London, London, United Kingdom 

Commercial iron oxide magnetic nanoparticles for biomedical applications are generally 
produced via a co-precipitation method. Their good performance in techniques such as 
magnetic resonance imaging has long been proven;1 however, significant batch-to-
batch output differences have been pointed out.2 As a result, there is a need for a better 
understanding of the formation process for a reliable production of nanoparticles with 
long term stability. 

We report on the use of sodium carbonate as a co-precipitating agent for the synthesis 
of uncoated iron oxide nanoparticles. More importantly this synthetic route offers a 
benchmark for the study of the physicochemical changes that a solution of Fe(II)/Fe(III) 
experiences throughout the reaction. Particle size, morphology and crystal structure can 
be altered depending on the pH, temperature and reaction time. The simplicity of the 
method allows for the incorporation of coating agents and biomolecules with ease, 
therefore constituting suitable building blocks for biocompatible nanosystems. 

1. Pankhurst, Q. A.; Thanh, N. K. T.; Jones, S. K.; Dobson, J., Progress in applications 
of magnetic nanoparticles in biomedicine. J. Phys. D-Appl. Phys. 2009, 42 (22). 

2. Kallumadil, M.; Tada, M.; Nakagawa, T.; Abe, M.; Southern, P.; Pankhurst, Q. A., 
Suitability of commercial colloids for magnetic hyperthermia (vol 321, pg 1509, 2009). J. 
Magn. Magn. Mater. 2009, 321 (21), 3650-3651. 

COLL 393 

Targeted nanosponges: Tailored drug release influenced by crosslinking density 
of supramolecular architecture and in vivo efficacy in lung cancer 

Ghazal Hariri, haririg@gmail.com, Tyler Branch Merrill, Josh Greenbaum, Eva 
Harth.Chemistry, Vanderbilt University, Nashville, Tennessee 37235-1822, United 
States 

We will report on the synthesis of targeted polyester nanosponges that are 
functionalized with radiation induced targeting units towards lung cancer. The 
supramolecular architecture of the nanosponge allows for the adjustment in the 
crosslinking density and we will present tailored release profiles that can be controlled 
through slight iterations of the nanoparticle structures. The tailored particles were 
loaded with paclitaxel and camptothecin and we will report the recent combination 
studies in mouse models of lung cancer. The emphasis in the presentation is set on the 
synthesis, adjustment of linear release profiles and the response in in vivo studies. 

 

 
 



COLL 394 

Application of magnetic alternating current hyperthermia to induce cell death in 
melanoma 

Cristina Blanco-Andujar1,2, Paul Southern1,2, Daniel Ortega1,2, Stephen A Nesbitt1,2, 
Nguyen TK Thanh1,2, ntk.thanh@ucl.ac.uk, Quentin A Pankhurst1,2.  (1) Davy Faraday 
Research Laboratory, The Royal Institution of Great Britain, London, United Kingdom  
(2) Department of Physics and Astronomy, University College London, London, United 
Kingdom 

Novel methods for the treatment of cancer, including magnetic hyperthermia (MH) with 
functionalised magnetic nanoparticles (MNPs), have the potential to treat cancer cells. 
Herein, MH and MNPs were assessed for targeting and eliminating melanoma in vitro 
using a human cell line (DX3). 

Cells were cultured and starved (12 h) to initiate cell loading with 0.5 mg/mL MNPs; 
fluidmag-citric acid (CT), fluidmag-carboxymethyldextran (CMX) and fluidmag-dextran 
(DX). Cell targeting was significantly higher for fluidmag-CT with a 3-fold loading 
compared to fluidmag-CMX and about 40-fold to fluidmag-DX as confirmed by SQUID 
magnetometry. Upon heat treatment with a patented Magnetic AC Hyperthermia 
(MACH) system (1MHz), a positive PI nuclear staining was given and indicated cellular 
necrosis. 

The results indicate that DX3 melanoma cells, loaded with MNPs, may be specifically 
targeted and treated upon application of an AC magnetic field. Such techniques show 
potential application in the treatment of melanoma and other cancers. 

COLL 395 

Two-photon absorption properties of amylose-encapsulated chromophores  

Sung-Jae Chung1, James Kenneth Park2, jim.park.515@gmail.com, Seung Yeon 
Choi3, calebchoi27@gmail.com.  (1) Chemistry, Marymount University, Arlington, VA 
22207, United States  (2) Jefferson High School, Shenandoah Junction, WV 25442, 
United States  (3) Fairmont Private School, Anaheim, CA 92801, United States 

Encapsulation of 4-[4-(dimethylamino)styryl]-1-alkylpyridinium bromide (DASP) with 
amylose, and conformational transitions of amylose upon complexation with the dyes 
were investigated using UV-visible, fluorescence, and circular dichroism (CD) spectra 
and two-photon absorption properties in various DMSO/H2O mixtures. Encapsulation of 
the dye was achieved by dilution of DMSO stock solutions of the chromophores (1×10-3 
M) and amylose (1×10-1 M) with DMSO, followed by a dropwise addition of H2O with 
continuous stirring at room temperature. At less than 40% aqueous DMSO solutions, 
the chromophores had a stable encapsulation with amylose and showed over 100 times 
the fluorescence intensity of a non-encapsulated chromophores. 



Both of the dye solution with and without amylose also exhibit two-photon absorption 
(2PA), as determined by nonlinear absorption measurements using 10 ns laser pulses 
at 800 nm. The respective values of two-photon cross-sections are 13.3 × 10-20 for 
encapsulated dye solution and 2.53 × 10-20 cm4/GW for non encapsulated dye solution. 
The data clearly indicate that the contribution of the encapsulated dye dominates the 
two-photon absorption cross-section of the non encapsulated dye at 800 nm. 

COLL 396 

Microfluidic platform for highly structured liquid crystal composites 

Jie Yang, Reza Montazami, Nastaran Hashemi, nastaran@iastate.edu.Department of 
Mechanical Engineering, Iowa State University, Ames, IA 50011, United States 

Highly structured composites could be suitable for many potential applications, such as 
high-strength light-weight materials, controlled release materials, tissue engineering 
supports, or wound-healing dressings. We use our expertise in the area of 
hydrodynamic focusing of a sample stream using grooves to create microfibers with 
specific shape and size. The approach is to simultaneously exploit the properties of 
liquid crystal and laminar flow not only to control the cross-sectional shape and size, but 
also to align the individual molecules of the polymer fiber during the polymerization 
process. Using grooves, we create flows with complex cross sectional shapes. The 
prepolymer shape is locked in by UV-induced polymerization once the stream exits the 
grooves region. 

COLL 397 

Polarized Emission of CdSe Nanorods to Probe Three-Dimensional Structural 
Dynamics of Single Motor Protein Molecules 

Tali Dadosh1, dadosh@sas.upenn.edu, Lisa Lippert1, Benjamin T Diroll2, Christopher B 
Murray2, Yale E Goldman1.  (1) Department of Physiology, University of Pennsylvania, 
Philadelphia, PA 19104, United States  (2) Department of Chemistry, University of 
Pennsylvania, Philadelphia, PA 19104, United States 

The ubiquitous nature of motility in living cells and the structural homologies among 
motor proteins give fundamental research on molecular motors wide impact. The 
present work seeks to apply novel approach for studying the structural changes of 
motor proteins during their movement along actin filaments. Labeling motor proteins 
highly fluorescent nanorods allows determination of the position and the three-
dimensional orientation of single motor proteins while walking on actin filaments. The 
nanorods of CdSe-core and CdS-shell, functionalized with streptavidin, were attached to 
myosin-V and myosin-VI via a biotin linker. The emission from the nanorods is split into 
four different polarization angles and projected onto an EMCCD camera. The emission 
of nanorods attached to the c-terminus of truncated myosin-V and myosin-VI constructs 
shows that the motors rotate as they step along actin filaments in a discrete manner. 



This polarized TIRF microscopy can provide further understanding of dynamic 
processes of single molecule systems. 

COLL 398 

New approaches to the study of nanoparticles: Electron tomography with 
compressed sensing 

John Meurig Thomas, jmt2@cam.ac.uk, Paul A. Midgley.Materials Science and 
Metallurgy, University of Cambridge, Cambridge, United Kingdom 

With the ever-increasing interest in, and activity centered on, the use of nanospecies for 
a wide variety of applications ranging from high-performance heterogeneous catalysts, 
to sensors, fuel cells, bioimaging and photovoltaic devices, there is much important 
information about their nature that may be retrieved using electron tomography (ET). 
But ET studies frequently suffer from problems associated with the limited tilt range that 
can be explored as well as the beam-sensitivity of the specimens. Compressed sensing 
(CS) is a technique that exploits ideas of so-called sparcity and image compression to 
enable signals to be more accurately recovered from far fewer measurements than are 
traditionally thought necessary in the use of ET as a probing technique. This 
contribution outlines the essentials of ET and CS and their application to elucidating the 
nature of some of the materials mentioned above. 

COLL 399 

Nonlinear spectroscopy meets particle interfaces: Revealing the interfacial 
structure of colloids 

Christian Sauerbeck, Benedikt Schürer, Björn Braunschweig, 
B.Braunschweig@lfg.uni-erlangen.de, Wolfgang Peukert.Institute of Particle 
Technology, University Erlangen-Nuremberg, Erlangen, Germany 

The macroscopic properties of colloids are controlled by their interfaces and interactions 
with the solvent. In order to gain a detailed understanding of colloidal solutions it is not 
only necessary to obtain information on size and shape of the particles, but also on 
surface properties such as surface adsorbed molecules, charge density and interfacial 
molecular structure. Addressing these interfacial properties in-situ and in real time is of 
great importance for many processes relevant to particle technology. This task is, 
however, highly challenging since the interface cannot unambiguously separated from 
the bulk in most experimental techniques that do not require other experimental 
constraints. Nonlinear optical techniques in particular second harmonic generation 
(SHG) and sum frequency generation (SFG) spectroscopy are inherently surface 
sensitive and are powerful tools in interface science. In this paper we will present results 
from SHG scattering at colloidal particles that do not require highly nonlinear active 
markers. 



COLL 400 

Light scattering by arrays of small particles 

Susan J Fitzwater1, sfitzwater@dow.com, Daniel Trahan2.  (1) Engineering and 
Process Science, The Dow Chemical Company, Spring House, PA 19477, United 
States  (2) Engineering and Process Sciences, The Dow Chemical Company, Freeport, 
Texas, United States 

Computational methods for predicting light scattering and absorption from single small 
particles have been available for over a century. However, the scattering from real 
systems is often scattering from an array of small particles. Scattering from an array can 
be quite different from what would be inferred from the single-particle predictions. 
Multiple-scattering methods have been used to predict scattering from different particle 
arrays. These array scattering predictions will be discussed and compared with 
experimental data. 

COLL 401 

Measurement of colloidal forces with atomic force microscopy 

Igor Sokolov, isokolov@clarkson.edu.Department of Physics, Nanoengineering and 
Biotechnology Laboratories Center (NABLAB),, Clarkson University, Potsdam, NY 
13699, United States 

Atomic force microscopy (AFM) is capable of direct measuring forces acting between 
colloidal particles and various surfaces. While the AFM probe can serve as an example 
of a small colloidal particle, the number of materials of the probe is very restricted. 
Various methods developed in our group to measure and analyze the forces acting on 
colloidal particles made of virtually any stable material will be demonstrated. The 
measurements are done with silica and ceria particles starting from the sizes of 50nm 
and up to 30-50 microns. The particles are attached to the AFM probe with epoxy glue. 
This method allows avoiding possible contamination of the particle surface with the 
epoxy. The extraction of fundamental information about the surface from the collected 
force curves will be discussed, such as the surface electrical potential, elastic 
deformation, parameters of steric brush. Examples of silica and ceria particles 
interacting with both organic and inorganic surfaces will be given. 

COLL 402 

Influence of the imaginary component in the complex refractive index on particle 
size determination: New light on an old problem 

Niels P Ryde, ryde@comcast.net.Unaffiliated, United States 



The use of diffraction based particle sizing instruments requires knowledge of the 
complex refractive index of the material to be analyzed. The real portion can readily be 
determined from experiments where the dispersed material is subjected to a series of 
index matching fluids. The imaginary component usually ends up being a matter of 
guess work. The main purpose of this work is to illustrate an experimental procedure in 
which the extinction coefficient of a colloidal dispersion is experimentally determined. 
This, when analyzed in conjunction with the Mie theory, produces the imaginary 
component from non-linear curve fitting. Absorption of light gives rise to the imaginary 
component and its magnitude is usually significant in colored compounds. 

COLL 403 

Brownian motion, surface stress and molecular detection 

Thomas Thundat1, thundat@ualberta.ca, Dongkyu Lee2, Sangmin Jeon2, Seonghwan 
Kim1.  (1) Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta 
T6G 2V4, Canada  (2) Department of Chemical Engineering, POSTECH, Pohan, 
Republic of Korea 

The Brownian motion of a microfabricated cantilever can serve as a sensitive technique 
in order to detect of molecular adsorption on its surface. The root mean square 
amplitude of the Brownian motion of the cantilever ranges from 0.01 - 0.1nm. The 
amplitude, and the quality factor of the resonance, however, can be amplified by two 
orders of magnitude by using a positive feedback technique. In addition, molecular 
adsorption-induced surface stress variation, which results in cantilever deflection, can 
be monitored simultaneously to determine the changes in surface energy. The 
adsorption-induced deflection of a cantilever beam reflects the interplay between the 
strain energy increase of the beam and the surface free energy reduction of a reaction, 
providing an ideal tool to investigate the connection between nanomechanics and the 
chemistry of molecular adsorption. Since surface free energy reduction is common for 
all reactions, the cantilever bending serves as a universal mechanical platform for the 
label-free detection. 

COLL 404 

Statistical and theoretical approach to detailing the nature of forces which govern 
the bacterial adhesion process 

Nehal I Abu-Lail, nehal@wsu.edu, Fatma Pinar Gordesli, Asma Omar 
Eskhan.Chemical Engineering and Bioengineering, Washington State University, 
Pullman, WA 99164, United States 

Bacterial adhesion to surfaces occurs via a two-step process. At long distances, 
nonspecific forces such as van der Waals interactions and electrosteric forces dominate 
the interactions. Once bacteria are in close proximity to a surface, specific forces such 
as ligand receptor interactions and hydrogen bonding become dominant. Bacterial 



adhesion forces can be quantified using atomic force microscopy (AFM). However, AFM 
can allow only for the overall interaction forces to be measured. We have used soft-
particle DLVO theory along with Poisson statistics to decouple the bacterial adhesion 
forces into their individual components. Our results indicated that the adhesion of 
Listeria monocytogenes to silicon nitride was dominated by attractive van der Waals 
forces at long distances while hydrogen bonds were dominant at short distances. In 
comparison, although our AFM data indicated that both environmental and epidemic 
strains of L. monocytogenes are characterized by similar overall adhesion forces, the 
contributions of specific and nonspecific forces to their overall adhesion differed 
significantly. 

COLL 405 

Coagulation and heterocoagulation in PTFE particles dispersions 

Mario Visca, mariovisca@tiscalinet.it.Unaffiliated, Italy 

PTFE latexes are aqueous dispersions with particle size of 0.2-0.3 μm. Particles are 
charge-stabilized, and are sterically stabilized in formulations for coating applications. 
Coagulation and heterocoagulation are very important in a number of industrially 
important processes. Microcomposites based on charge-stabilized latexes could be 
prepared by the heterocoagulation of mixed PTFE-pigment dispersions. The control of 
the surface properties of the dispersion components allowed the preparation of 
microcomposites with uniformity down to the ultimate particle size. Properties of 
sterically stabilized dispersions,like films and coatings, depend upon the absence of 
cracks on high thickness films. Coagulation during drying plays an important role in 
controlling the uniformity of the film. Nanosize fluoropolymer dispersions could be 
obtained by microemulsion polymerization of fluorinated monomer. Bimodal PTFE 
dispersions obtained by mixing of micro- and nanoparticles allow a sharp increase in the 
attainable thickness of continuous PTFE films. 

COLL 406 

Nanofibrillar cellulose - a stabilizer of colloidal dispersions 

Per Stenius1,2, per@stenius.com, Kristin Syverud3.  (1) PS Interfaces, Åkersberga, 
Sweden  (2) Ugelstad Laboratory, Norwegian University of Science and Technology, 
Trondheim, Norway  (3) Paper and Fibre Research Institute, Trondheim, Norway 

Micro- and nanofibrillar cellulose (NFC, sometimes denoted microfibrillar cellulose, 
MFC), prepared by disintegration of pulp fibres, are extremely strong, thin fibers with 
very large aspect ratio and rich possibilities for chemical modification. The opportunities 
offered by this material, the challenges involved in its utilization for control of the 
properties of colloidal dispersions and methods developed to modify NFC surfaces by 
chemical grafting and adsorption are briefly reviewed. In particular, the properties of 
water-in-toluene emulsions stabilized by hydrophobized NFC have been investigated. 



By appropriate choice of degree of stabilization and concentration of the NFC highly 
stable W/O emulsions with droplets in the size range fifty to several hundred μm could 
be prepared. Only cellulose nanofibrils that formed networks at the oil/water interface 
were able to stabilize emulsions. The particle size could be controlled by appropriate 
choice of degree of hydrophobization and amount of the NFC. 

COLL 407 

Fabrication of block copolymer nanoobjects via a combination of thermodynamic 
and kinetic control 

Dongdong Yao, Yongming Chen, ymchen@iccas.ac.cn.Institute of Chemistry, The 
Chinese Academy of Sciences, Beijing, China 

The procedure via first bulk block copolymer microphase separation and then dispersing 
in solvents has been applied to generate shaped core/shell nanoobjects. In the first 
step, block copolymer self-assemblies are thermodynamic stable. But in the dispersing 
step to give nanoparticles, one has to apply a chemically crosslinking technique in order 
to keep the shape. The reason was attributed to the solvent-polymer interaction that 
would induce instability to the molecular assemblies. However, if the core of the 
assemblies can be stabilized by strong physical interaction and dispersed in a selective 
solvent, the shaped polymer nanoobjects may be prepared, though they may not be a 
thermodynamic stable structure. We have practiced this approach by using a series of 
poly(tert-butyl acrylate)-block-polystyrene block copolymers that self-assembled directly 
in methanol into spherical micelles only. As a contrast, via bulk microphase separation 
and then dispersing in methanol, the nanoobjects, including lamellae, cylinders and 
spheres, inherited from their bulk structures were obtained. Although these shaped 
particles were thermodynamic unfavorable in methanol, they remained their shapes 
trapped by the glassy PS cores. This process is facile to prepare various core/shell 
polymer nanoobjects that may be applied as templates of different dimensions for 
nanomaterial development. We have extended this approach to functional block 
copolymers like poly(N,N'-dimethylaminoethyl methacrylates)-block-polystyrene to 
generate shaped functional polymer nanoobjects. 

COLL 408 

Nanostructured Functional Polymers via ATRP 

Krzysztof Matyjaszewski, km3b@andrew.cmu.edu.Carnegie Mellon, United States 

Atom transfer radical polymerization (ATRP) is an efficient controlled radical 
polymerization systems for synthesis of nanostructured functional polymers such as 
block, graft, star, gradient, hyperbranched copolymers. ATRP relies on intermittent 
activation of dormant alkyl halides to propagating radicals in the presence of Cu 
complexes with various N-based ligands. Recent advances in the ATRP 
initiating/catalytic systems allowed reduction of Cu concentration to ppm level in the 



presence of reducing agents or electrical current. ATRP of (meth)acrylates, styrenes, 
acrylamides, acrylonitrile and other vinyl monomers results in (co) polymers with 
controlled molecular weights in a large range and with designed molecular weight 
distribution . The (co)polymers made by ATRP can self-assemble or can be pre-
assembled into various nanostructured morphologies. Some examples of design, 
synthesis, characterization and applications of nanstructured functional polymeric 
materials by ATRP will be presented. 

Acknowledgments. Support from the National Science Foundation (DMR 09-69301 and 
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Supramolecular Assembly of Stomatocyte Nanomotors 

Daniela A. Wilson, d.wilson@science.ru.nl, Nolte J. M. Roeland, Jan C. M. van 
Hest.Institute for Molecules and Materials, Department of Bio-organic Chemistry, 
Radboud University Nijmegen, The Netherlands, Nijmegen, Gelderland 6525 AJ, The 
Netherlands 

Making a nanomotor has been a dream of many researchers in the field of 
nanotechnology often associated with futuristic visions of building “tiny cars”, “aircrafts” 
or “submarines” as small as bacteria or “microscopic surgeons” able to reach infected 
organs and cure diseases.1,2 From molecular machines to micron size self-propelling 
rods chemists used a combination of bottom-up or top-down approaches often involving 
intricate synthetic routes.3-12 The construction of artificial motor systems with sizes in the 
nanometer range that have the capacity to move autonomously and perform diverse 
tasks is still challenge to achieve with synthetic building blocks.13,14 Herein we report a 
supramolecular approach to design a nanomotors using self-assembly of amphiphilic 
block copolymers as a primary tool to construct bowl shape polymersomes entrapping 
platinum nanoparticles and catalysis as a driving force for the autonomous 
movement.15,16 Hydrogen peroxide is free to access the inner stomatocyte cavity, where 
it is decomposed by the active catalyst (the entrapped platinum nanoparticles) into 
oxygen and water. This rapid discharge of the decomposed gases induces thrust and 
directional movement of the entire assemble. The design of the platinum-loaded 
stomatocytes resembles a miniature monopropellant rocket engine, in which the 
controlled opening of the stomatocytes directs the expulsion of the decomposition 
products away from the reaction chamber (inner stomatocyte cavity). 

 

 
 

1. J. A. Spudich, Molecular Motors, Beauty in Complexity.Science 331 , 1143-1144 
(2011). 

2. M. Schliwa, G. Woehlke, Molecular motors. Nature, 422 , 759-765 (2003). 



3. N. Koumura, R. W. Zijlstra, R. A. van Delden, N. Harada, B. L. Feringa, Light-
Driven Monodirectional Molecular Motor. Nature 401 , 152–155 (1999). 

4. T. R. Kelly, H. De Silva, R. A. Silva, Unidirectional rotary motion in a molecular 
system. Nature 401 , 150–152 (1999). 

5. D. A. Leigh, J. K. Y. Wong, F. Dehez, F. Zerbetto Unidirectional Rotation in a 
Mechanically Interlocked Molecular Rotor. Nature 424 , 174-179 (2003). 

6. J. D. Badjic, V. Balzani, A. Credi, S. Silvi, J. F. Stoddart, A Molecular Elevator. 
Science 303 , 1845–1849 (2004). 

7. M. F. Hawthorne, J. I. Zink, J. M. Skelton, M. J. Bayer, C. Liu, E. Livshits, R. 
Baer, D. Neuhauser, Electrical or Photocontrol of the Rotary Motion of a 
Metallacarborane. Science 303 , 1849–1851 (2004). 

8. S. P. Fletcher, F. Dumur, M. M. Pollard, B. L. Feringa, A reversible, unidirectional 
molecular rotary motor driven by chemical energy. Science 310 , 80–82 (2005). 

9. C. Mao, W. Sun, Z. Shen, N. C. Seeman, Construction of a DNA 
Nanomechanical Device. Nature 397 , 144–146 (1999). 

10. R. Ismagilov, A. Schwartz, N. Bowden, G. M. Whitesides Autonomous movement 
and self-assembly Angew. Chem. Int. Ed. 41, 652-654 (2002). 

11. W. Paxton, K. Kistler, C. Olmeda, A. Sen, S. Angelo, Y. Cao, T. Mallouk, P. 
Lammert V. Crespi Catalytic nanomotors: Autonomous movement of striped 
nanorods. J. Am. Chem. Soc. 126 , 13424-13431 (2004). 

12. T. Kline, W. Paxton, T. Mallouk, Catalytic nanomotors: Remote-controlled 
autonomous movement of striped metallic nanorods. Angew. Chem. Int. Ed., 117 
, 754-756 (2005). 

13. M. G. L. van den Heuvel, C. Dekker, Motor Proteins at Work for Nanotechnology. 
Science, 317 , 333-336 (2007) 

14. E. R. Kay, D. A. Leigh, F. Zerbetto, Synthetic Molecular Motors and Mechanical 
Machines. Angew. Chem. Int. Ed., 46 , 72-191 (2007). 

15. D. A. Wilson, J. M. C. Van Hest and R. J. M. Nolte, Autonomous Movement of 
Platinum-loaded Stomatocytes Nature Chem. 2012 , 4, 268-274. 

16. D. A. Wilson, J. M. C. Van Hest and R. J. M. Nolte, Entrapment of metal 
Nanoparticles in polymer Stomatocytes, J. Am. Chem. Soc, submitted. 

COLL 410 

Reconsideration of the concept of "critical concentration" as it applies to 
microtubules and other cytoskeletal polymers 

Chunlei Li1, Mark Alber1, Holly Goodson2, hgoodson@nd.edu.  (1) Department of 
Applied and Computational Mathematics and Statistics, University of Notre Dame, 
United States  (2) Department of Chemistry and Biochemistry, University of Notre 
Dame, Notre Dame, IN 46556, United States 

The concept of critical concentration is a central idea in the understanding of biological 
polymers such as actin and microtubules. Classically, the critical concentration (Cc) is 
accepted to be a single discrete value with several equivalent definitions, including the 
ideas that Cc = [total subunit] needed to obtain any polymer, and that Cc = [free subunit] 



once [polymer] has reached a maximum. However, the mathematical underpinnings of 
this understanding are based on analysis of equilibrium polymers, which is problematic 
because these cytoskeletal filaments are instead steady-state polymers. This 
incongruity raises questions about whether present understanding of critical 
concentration as it applies cytoskeletal filaments is complete or even approximately 
correct. We have used a computational model of a system of dynamic microtubules to 
investigate this issue. We find that instead of the microtubule system having a single 
critical concentration that is assigned by several equivalent definitions, the varied 
definitions of Cc yield empirically different values and so are not equivalent. In 
particular, the models show that there is no well-defined value at which microtubules 
begins to appear, and that the experimental interpretations previously thought to yield 
the Cc for polymer formation actually yield the Cc for persistent polymer growth. Using 
these observations, we revise the concept of critical concentration to include the idea 
that there are multiple different critical concentrations, each relevant to a different 
aspect of experimentally observable behavior. This revision has significant implications 
for the design and interpretation of experiments with microtubules and likely has 
relevance to any steady-state polymer. 

COLL 411 

Constraints on large nanostructure self-assembly in solution 

Michael L. Norton1, norton@marshall.edu, Masudur M. Rahman1, Anshuman 
Mangalum1, David P. A. Neff2.  (1) Department of Chemistry, Marshall University, 
Huntington, WV 25755, United States  (2) Molecular and Biological Imaging Center, 
Marshall University, Huntington, WV 25755, United States 

A review of potential, practical applications for self-assembled systems, particularly in 
the domains of medicine, optics and electronics, leads one to evaluate proper and 
achievable size limits for "defect-free" self-assembly. Although in the medicinal domain 
particles with sizes on the order of 100 nm in diameter may have many applications, in 
the electro-optical domains, the manufacture of much larger architectures would appear 
to be necessary. DNA origami would appear to be an enabling technology for the 
growth of larger, addressable structures. This paper lists challenges in characterization 
and nano-materials handling which would arise if, using well selected kinetic and 
thermodynamic parameters in design, high yield one, two and three dimensional 
structures were formed. Such considerations argue for the development of rational self-
assembly objectives, which will accelerate the definition of standard parts, which are 
necessary for rapid transitioning into electro-optical technologies. 

COLL 412 

Molecular programming with a cell-free transcription-translation system: 
elementary gene circuits and phage synthesis in a test tube. 



Jonghyeon Shin, Vincent Noireaux, noireaux@umn.edu.Physics, University of 
Minnesota, Minneapolis, MN 55455, United States 

Cell-free transcription-translation (TX-TL) systems have been developed in the 60s to 
study the process of protein synthesis and gene regulation in bacteria. After the 
invention of highly efficient cell-free systems in the 90s, in vitro protein synthesis 
became widely used for applications in biotechnology, industry and proteomics, as an 
alternative to the recombinant protein technology. In the past decade, it has been 
suggested that cell-free TX-TL systems could also become powerful platform for 
synthetic biology purposes. 

I will present a cell-free TX-TL toolbox specifically developed to program complex 
biochemical processes in vitro. This system uses the endogenous E. coli TX-TL 
machineries to construct and to study elementary gene circuits in test tubes. Recently 
we showed that the expression of large DNA programs could be also carried out with 
this system. The bacteriophage T7 can be entirely synthesized in vitro from its genomic 
DNA. In addition, we show that the replication of the DNA instructions occurs 
concurrently with the phage expression and self-assembly. This work is not limited to 
T7, as the phage phiX174 is also entirely synthesized with the same system and in the 
same conditions. I will discuss the advantages, limitations and perspectives of this 
approach. 

COLL 413 

Formation of 1D and 2D gold nanoparticle arrays using divalent DNA/AuNP 
conjugates 

Yuichi Ohya, yohya@kansai-u.ac.jp, Mirai Hashizume, Nozomi Miyoshi, Takeaki 
Uehara, Akinori Kuzuya.Chemistry and Materials Engineering, Kansai University, Suita, 
Osaka 564-8680, Japan 

Colloidal nanocrystals consisting of metals or semiconductors are of interest especially 
in nanotechnology, because of their distinctive properties not found in the bulk state. 
Gold nanoparticles (AuNPs) exhibit unique optical and electrical properties such as 
surface plasmon resonance. The precise arrangement of AuNPs in one- to three-
dimensional arrays is one of the important technical challenges in bottom-up 
nanotechnology, because new properties not observed in the distributed state are 
expected to emerge the organized states. In this presentation, we propose a method to 
prepare one- and two-dimensional AuNP arrays with defined distances and geometries. 
We prepared divalent DNA/AuNP conjugates attaching two DNA strands at diametrically 
opposed positions using polar singularities produced on self-assembled monolayer 
(SAM)-coated AuNPs. Highly linear one-dimensional and tetragonal lattice-like two-
dimensional AuNP arrays with defined distances could be constructed by using the 
divalent DNA/AuNP conjugates. The obtained AuNP arrays can be applied as 
nanomaterials exhibiting novel properties. 
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Gradient Films from Shape Memory Nanofoams for Unattended Sensing 

Anna Paola Soliani1, asolian@clemson.edu, Yuryi Galabura1, Bogdan Zdyrko1, Jacklyn 
Wilkinson1, Spencer Novak1, Kathleen Richardson1, Vivek Singh2, Anu Agarwal2, Lionel 
Kimerling2, Joel Hensley3, Juejun Hu4, Igor Luzinov1.  (1) School of Materials Science 
and Engineering, COMSET, Clemson University, Clemson, SC 29634, United States  
(2) Materials Processing Center/Microphotonics Center, Massachusetts Institute of 
Technology, Cambridge, MA 02139, United States  (3) Physical Sciences Inc., Andover, 
MA 01810, United States  (4) Department of Materials Science & Engineering, 
University of Delaware, Newark, DE 19716, United States 

The research focuses on the development of polymeric nanostructured films that will 
selectively sense the immediate chemical environment and retain memory of the 
specific exposure event(s). These films are designed to obtain efficient and highly 
sensitive coatings for diverse evanescent waveguide-based optical monitoring systems, 
with an expected broad usage in unattended sensing applications. Specifically, 50-300 
nm thick films, composed of polymeric nanofoams, have been generated whose 
chemical composition varies along the sample. The films possess the behavior of a 
shape memory material, which is thermodynamically unstable, but kinetically trapped in 
that shape. It has been shown that on exposure to an analyte, the polymeric coatings 
locally and irreversibly change their internal structure at the nanolevel. The permanent 
alteration in the film nanostructure can be monitored via active changes in the optical 
characteristics of the nanofoam coating. 

COLL 415 

Peptide structure at metal-oxide and metal surfaces probed by NMR 

Peter A Mirau1, peter.mirau@wpafb.af.mil, Michael Kotlarchyk2, Marc Knecht3, Hilmar 
Koerner1, Richard Vaia1, Rajesh Naik1.  (1) Nanostructured and Biological Materials 
Branch, Air Force Research Laboratories, Wright-Patterson AFB, OH 45433, United 
States  (2) Department of Physics, Rochester Institute of Technology, Rochester, NY 
14623, United States  (3) Department of Chemistry, University of Maimi, Coral Gables, 
FL 33146, United States 

Peptides that bind inorganic surfaces and template the formation of nanometer-sized 
particles are of great interest for the self- or directed assembly of nanomaterials for 
sensors and diagnostics. We have developed NMR methods to determine the structure 
of peptides bound to metal-oxide and metal nanoparticles and report on the structure of 
peptides bound to silica, titania and palladium. The silica and titania binding peptides 
are in fast exchange and solution NMR methods can be used to determine the three 
dimensional structure. A compact "C"-shaped binding motif is observed for three related 
peptides bound to metal-oxide surfaces. Broad lines are observed for peptides bound to 
palladium nanoparticles and NMR studies of alanine mutants are used to determine the 



low resolution structure. These methods provide an insight into the relationship between 
peptide sequence and function. 

COLL 416 

Probing the chemistry between biotic and abiotic components of biointerfaces 

Daniel E Barlow, daniel.barlow@nrl.navy.mil.Chemistry Department, US Naval 
Research Lab, Washington, DC 20375, United States 

Many organisms colonize surfaces as part of their life cycles and understanding the 
interactions that occur at organism – substrate interfaces can have wide ranging 
impacts. Important basic questions to address include how the organism adheres, how 
the substrate impacts the organism, and the how the organism impacts the substrate. 
Understanding these interactions can aid in mitigating undesirable processes, such as 
biofouling, biological corrosion, or microbial degradation of protective coatings. On the 
other hand, desired applications can also be improved, like microbial fuel cells, 
microbial degradation of waste plastics, or bioinspired adhesives for wet surfaces. While 
we use multiple analytical methods to characterize biointerfaces, a key method is ATR-
FTIR (attenuated total refection - Fourier transform infrared spectroscopy). We use this 
method to probe chemical structure and changes at the wet, buried interfaces between 
live organisms and various substrates. In this talk, different ATR-FTIR approaches for 
characterizing biointerfaces will be outlined. Results will be presented from studies of 
barnacle adhesion and also bacterial biofilm impacts on polyurethane coatings under 
changing nutrient conditions. In these cases, in situ ATR-FTIR has allowed us to 
characterize bioadhesive protein structure, curing, coating changes, and water at 
undisturbed interfaces. These results include details that would have been completely 
missed in ex situ measurements. 

COLL 417 

Detection of Drug-Membrane Interactions via Surface Second Harmonic Imaging 

Grace Stokes, Trang Nugyen, Krystal Sly, John C. conboy, 
conboy@chem.utah.edu.Department of Chemistry, University of Utah, Salt Lake City, 
Utah 84112, United States 

Drug-membrane interactions play a crucial role in the pharmacology and biological 
activity of drugs. The equilibrium of a drug molecule between plasma and the cellular 
membrane has historically been modeled by bulk phase partitioning, usually between 
water and 1-octanol. On a fundamental level, the thermodynamics of a lipid membrane, 
which is comprised of a bilayer of lipids ~50Å thick, cannot adequately be modeled by 
the bulk thermodynamic properties of a homogenous liquid phase. The measurement of 
drug association to lipid membranes has conventionally been measured by 
fluorescence and other spectroscopic methods. However, a main disadvantage of 
fluorescence labeling of drugs is that the introduction of fluorophores will change the 



molecules physical properties, such as charge, hydrophobic or hydrophilic character 
and structure. To circumvent these problems, we have developed a novel from of 
second-harmonic (SH) microscopy in conjunction with 2-D lipid bilayer arrays for the 
high-throughput, ultra-sensitive and label-free detection of small-molecule drug 
association to lipid membranes. 

COLL 418 

Early crystallogenesis and the Ostwald rule of stages: New insights from SHG 
microscopy 

Garth J. Simpson, gsimpson@purdue.edu.Department of Chemistry, Purdue 
University, West Lafayette, IN 47907, United States 

Second harmonic generation (SHG) can provide unique insights into crystal formation at 
solid/liquid and liquid/air interfaces. Specifically in this study, SHG imaging was used to 
probe a century-old proposition by Wilhem Ostwald known as the Rule of Stages, which 
states that crystals transiently pass through one or more unfavored polymorphic forms 
during crystallogenesis before ultimately transitioning to the final thermodynamically 
stable form. Assessment of the broader ubiquity transitioning according to the Rule of 
Stages can be difficult to perform, since the unfavored polymorphic forms generally 
survive only transiently following the early stages of nucleation, which typically arises 
randomly in time and space. SHG microscopy at high frame rates allows dynamic 
images supporting Ostwald transitioning. In addition, rapid solvent evaporation following 
chemical inkjet printing allows kinetic trapping of unfavored nanocrystals. Implications of 
ubiquitous Ostwald transitioning for impacting the kinetics of crystallization are 
discussed. 

COLL 419 

New 2D infrared methods for studying biotic/abiotic interfaces 

Martin Zanni, zanni@chem.wisc.edu.Department of Chemistry, University of 
Wisconsin-Madison, Madison, WI 53706-1396, United States 

Studying the structures of molecules at abiotic interfaces presents many challenges. 
Samples often have little surface area, which results in signals to small to measure with 
many techniques. But even in samples that have large surface areas, such as blends, 
high-resolution information is difficult to obtain with standard structural methods. In this 
talk, I will present methods and strategies that my group is developing for studying 
molecules at interfaces. I will present a method that enables 2D IR spectra of proteins to 
obtained at interfaces, through a technique called heterodyne-detected sum-frequency 
generation (HD-SFG) spectroscopy. I will also present isotope labeling strategies that 
resolve individual residues as well as pieces or domains of proteins via biochemical 
synthesis methods. We believe that these methods will find use in studying biological 
and technological systems involving biotic/abiotic interfaces. 



COLL 420 

Label-free spectroscopy of lipids, proteins and protein fibrils at model 
membranes 

Mischa Bonn, bonn@mpip-mainz.mpg.de.Department of Molecular Spectroscopy, Max 
Planck Institute for Polymer Research, Mainz, Rheinland-Pfalz 55128, Germany 

We report on sum-frequency generation spectroscopy to investigate biomolecular 
interaction specifically at membrane interfaces. Two applications will be highlighted - the 
first providing new insights into amyloid fibril formation - and suppression - at model 
membrane interfaces, the second shedding new light on DNA-lipid interactions, and in 
particular the role of water in that interaction. 

COLL 421 

Single molecule mechanics of protein denaturing at synthetic interfaces 

Gilbert C. Walker, gilbert.walker@utoronto.ca.Department of Chemistry, University of 
Toronto, toronto, ON M5S 3H6, Canada 

While it is commonly thought that hydrophobic surfaces denature proteins, 
supporting data are often sparse. We have undertaken single molecule 
mechanics studies of protein denaturation and designed surfaces, using 
single molecule force spectroscopy. We find that contrary to expectations, 
extensive protein structure for adhesion proteins can be retained even at 
surfaces that might be expected to be denaturing. Evidence of these 
assertions and resolutions of the apparent contradiction with earlier 
results will be presented. In addition, a novel method for identifying 
secondary structure of proteins has been developed by these studies, wherein 
the detection of shearing forces is associated with groups of beta sheet 
structure. Of particular interest is the frequency with which such shear 
events occur in the order of amino acid sequence. These studies give 
remarkable insight into the structure of proteins bound to abiotic surfaces. 

COLL 422 

Probing graphene chemistry and electronic structure in two dimensions: A sub-
nanometer view 

George W. Flynn, gwf1@columbia.edu.Department of Chemistry, Columbia University, 
New York, New York 10027, United States 

We have used ulta-high vacuum, low and variable temperature Scanning Tunneling 
Microscopy (STM) to investigate the structure and electronic properties of single sheets 
of graphite (graphene) on both insulating and metallic surfaces. STM as well as 



Scanning Tunneling Spectroscopy reveal variations in electron tunneling images for 
these one atom thick samples mounted on a silicon dioxide substrate that differ 
markedly from those of ordinary, multi-layer graphite. Graphene sheets exfoliated onto 
mica or grown by chemical vapor deposition (CVD) techniques on copper and cobalt 
show different degrees of electronic coupling to the underlying substrate. These kinds of 
investigations have been extended to the study of surface chemical reactions where the 
Scanning Tunneling Microscope/Atomic Force Microscope is used as a “camera” to 
observe defect growth in single and multiple graphene sheets due to treatment with 
oxygen. Incorporation of N-atoms into the graphene honeycomb lattice structure has 
been observed for samples grown on copper during CVD exposure to a mixture of 
methane and ammonia. The chemistry on these model surfaces is expected to reveal 
many features that determine the nanoscale properties of graphene and its potential 
use in solar energy applications and electronic device development 

COLL 423 

Light-driven molecular transformation for reversible modulation of doping in 
graphene 

Myungwoong Kim, mkim233@wisc.edu, Nathaniel S Safron, Changshui Huang, 
Michael S Arnold, Padma Gopalan.Department of Materials Science and Engineering, 
University of Wisconsin-Madison, Madison, WI 53706, United States 

We demonstrate chromophore functionalized graphene hybrid where light-induced 
molecular transformation of chromophore can be used to modulate doping in graphene 
while retaining high mobilities. A light switchable azobenzene chromophore was 
noncovalently tethered to the surface of graphene, leading to p-doping of graphene with 
an hole concentration of ~ 5 × 1012 cm−2, probed by Raman and electrical 
characterization. As the molecules photoisomerize from trans to cis the dipole moment 
of chromophore changes, resulting in the modulation of hole concentration up to ~ 18% 
by alternative illumination of UV and white light. The conductance modulation and 
control experiments under vacuum clearly attribute the doping modulation to molecular 
transformation of chromophores on graphene. Our approach opens up new bio-inspired 
routes for photodetection or a new class of light-gated transistors that can be switched 
on and off via light modulation. 

COLL 424 

Nanophase-separated molecular semiconductor films: Structure and 
potentiometry 

Janice E Reutt-Robey, rrobey@umd.edu.Department of Chemistry & Biochemistry, 
University of Maryland, College Park, College Park, MD 20742-2111, United States 

Understanding how structure evolves in molecular films and impacts the electronic 
landscape is of fundamental interest. This talk presents studies of interface formation 



and nanophase separation in molecular semiconductor mixtures. Electrostatic 
properties of individual molecules are harnessed through vapor-deposition kinetics to 
produce unusual packing arrangements, such as the C60-TiOPc honeycomb network 
and a C70 kagome lattice. Electric potential features of nanophase-separated films are 
then quantified with noncontact Scanning Kelvin Probe measurements. Local potential 
steps at C60 – TiOPc interfaces are related to molecular orientation, and an upper bound 
on the interface dipole is determined. The impact of chemical functionalization on 
nanophase separation is explored with a newly developed pulsed aerosol molecular 
beam source for deposition of nonvolatile species. Microaerosol-deposited PCBM films 
are tracked from smooth "glassy" structures to (thermally driven) to crystalline 
nanodomains. 

COLL 425 

Using Polymer Pen Lithography to create new covalent bonds on surfaces with 
sub-micrometer feature diameters 

Shudan Bian, sb3170@nyu.edu, Adam B. Braunschweig.Department of Chemistry and 
The Molecular Design Institute, New York University, New York, New York 10003, 
United States 

Polymer Pen Lithography was used to induce biorthogonal reactions on surfaces and 
produce uniform sub-micrometer features over cm2 area by embedding reactive 
molecules within a polyethylene glycol matrix. Fluorescence microscopy and cyclic 
voltammetry confirmed covalent immobilization with high coverage density.  

 
 
 
This strategy was also applied to prepare arrays of α-mannose whose activity was 
confirmed by a binding assay with a mannose-specific lectin. This approach provides a 
general method to induce and characterize surface reactions for chemical and biological 
applications. 

COLL 426 

Towards Organic Electronics: Methods for the Selective Deposition of 
Semiconductors and Metals 

Jing Yang, Zhiwei Shi, Katherine Borner, Amy V. Walker, 
amy.walker@utdallas.edu.Department of Materials Science and Engineering, University 
of Texas at Dallas, Richardson, Texas 75080, United States 

We describe recent progress in our laboratories to build robust complex two- and three-
dimensional molecular constructs. This work has important applications in photovoltaics, 
molecular and organic electronics, sensing, photonics and other technologies. Several 
recent developments are discussed including the chemical bath deposition of PbS, the 



UV photoassisted chemical vapor deposition of Al, and the formation of Ni and Cu 
nanowires on micron-scale patterned surfaces. Optimization and further development of 
these techniques requires a detailed understanding of the reaction pathways involved in 
the interaction of organic thin films with metals, organometallic compounds, ions, and 
other compounds. 

COLL 427 

In-pore superhigh pressure effect and its application to high pressure organic 
synthesis 

Katsumi Kaneko1, kkaneko@shinshu-u.ac.jp, Kozue Abe2, Koki Urita3, Itoh Tsutomu1, 
Toshihiko Fujimori1, Tomonori Ohba2, Takayoshi Arai2, Kenji Hata4, Masako Yudasaka4, 
Sumio Iijima5, Yoshiyuki Hattori6, Isamu Moriguchi3, Hirofumi Kanoh2.  (1) Research 
Center for Exotic Nanocarbons, Shinshu University, Nagano, Nagano 380-8553, Japan  
(2) Department of Chemistry, Chiba University, Chiba, Chiba 263-8522, Japan  (3) 
Department of Applied Chemistry, Nagasaki University, Nagasaki, Nagasaki 852-8521, 
Japan  (4) National Institute of Advanced Industrial Science and Technology, Tsukuba, 
Ibaraki 305-8561, Japan  (5) Department of Physics, Meijyo University, Nagoya, Aichi 
468-8502, Japan  (6) Department of Applied Chemistry, Shinshu University, Ueda, 
Nagano 386-8567, Japan 

Confinement of KI nanocrystals in nanoscale pores of single wall carbon nanohorn 
below 0.1 MPa induces the formation of high pressure phase solid, although 
compression under 1.9 GP is necessary for formation of the high pressure phase. This 
remarkably strong compression effect of carbon nanospaces was applied to organic 
synthesis. We have evidenced that the carbon nanospaces could induce superhigh 
pressure organic synthetic reaction, producing the bulk amount of the target organic 
product. Here we selected superhigh pressure reaction of 1,2-epoxy cyclohexane (ECH) 
into trans-cyclohexanediol (CHD) which occurs at 303 K above 1 GPa, as the target 
reaction. ECH was dissolved in water and acetone solution in the presence (and 
absence) of activated carbon fiber (ACF) or single wall carbon nanotube (SWCNT) and 
the mixed solution was refluxed at 333 K for 24 h in a glass flask at an ambient 
pressure. 

COLL 428 

Optimization of the surface immobilization of antimicrobial peptides for 
micromechanical cantilever sensing of food borne pathogens 

Lana L Norman2, lana.norman@gmail.com, Kamaljit Kuar1, Hashem Etayash1, Thomas 
Thundat2.  (1) Faculty of Pharmacy and Pharmaceutical Sciences, University of Alberta, 
Edmonton, Alberta T6G 2E1, Canada  (2) Department of Chemical and Materials 
Engineering, University of Alberta, Edmonton, Alberta T6G 2V4, Canada 



Despite nearly 2 decades of research garnering the promise of potential applications, 
microcantilever-based sensing technology has yet to emerge as a strong marketplace 
contender. This is largely attributed to the inability to prepare chemically/biologically 
identical systems leading to significant reproducibility challenges for reliable detection of 
targeted molecules. Here we employ antimicrobial peptides (AMPs) in a comparative 
study of surface functionalization methods focusing on maximizing sensitivity, reducing 
false positives, and efficiently creating multiplexed systems for parallel detection of 
Listeria, Escherichia coli and Samonella. We demonstrate that electrodeposition of 
AMPs significantly reduces the preparation time required to obtain a robust monolayer 
offering the same properties as one passively adsorbed overnight. Contrary to 
conventional chemical methods, electrodeposition enabled superior control over the 
orientation and surface coverage of the peptide-based monolayers. The adopted 
peptide conformations from electroformation will be used to elicit variable interfacial 
activities from the same surface immobilized molecule which will have greater 
implications for cantilever sensing as a viable technology. 

COLL 429 

Modeling protein-DNA interactions at electrified interfaces 

Keeshan Williams, Keeshan_Williams@hotmail.com, Rastislav Levicky.Department of 
Chemical and Biological Engineering, The Polytechnic Institute of New York University, 
Brooklyn, NY 11201, United States 

Coupling self assembled monolayer (SAM) techniques with biodiagnostic applications 
has led to custom made electrochemical sensors that can be produced with relative 
ease, in multiplexed formats, and at low cost. For example, DNA monolayers have been 
used to detect complementary sequences within complex sample matrices as well as to 
elucidate the thermodynamic and kinetic parameters of binding various species (e.g. 
proteins, small molecules) to DNA. Here, electroactively labeled, double stranded DNA 
(dsDNA) monolayers are interrogated using alternating current voltammetery (ACV) to 
monitor association between a transcription factor protein and the monolayer  

 
 
 
. Various ACV input frequencies are tested to determine those most sensitive to protein 
binding, and concentration series are performed to generate Langmuir-type binding 
isotherms for quantitative determination of binding affinities. Because the DNA binding 
reaction is coupled to protein dimerization in solution a model that accounts for coupling 
between the two equlibria was needed to fully characterize the experimental data. This 
presentation will discuss optimization of the experimental approach as well as model-
based extraction of thermodynamic parameters for protein-DNA interactions using a 
classical biomolecular systems derived from bacteriophage lambda. . 

COLL 430 



Strong Coupling between Exciton and Plasmon in Gold-Quantum Dot 
Nanoconjugates for Protein Detection 

Lin-Yue Lanry Yung, cheyly@nus.edu.sg.Chemical and Biomolecular Engineering, 
National University of Singapore, Singapore, Singapore 

Metal-enhanced fluorescence arises from the near-field interaction between 
fluorophores and metal nanostructure when a dye molecule is placed very closely to the 
surface of a metallic nanoparticle. The fluorescence enhancement is thought to be 
associated mainly with the increased radiative decay rate of the nearby fluorophores, 
but recent reports have suggested that strong coupling between the surface plasmon 
and the photon emitted by the emitter can take place when the electromagnetic field 
enhancement is very high. In such cases, the resonant exciton-plasmon interactions 
modify exciton wave functions and surface plasmon modes, leading to changes of 
exciton and surface plasmon resonance energies that are much larger than the cases 
with increased radiative decay rate alone. Here, we report a new experimental system 
that exhibit the strong coupling between exciton-plasmon interactions. Water-soluble 
CdSe/ZnS core/shell QDs were chemically bonded to popcorn-shaped gold 
nanoparticles (PS-AuNPs). The separation distance between QD and PS-AuNP was 
fixed at 6 nm. The strong exciton-plasmon coupling in our system resulted in >100 times 
fluorescence enhancement, the highest reported so far for the QD-metallic nanoparticle 
construct. Finite difference time-domain (FDTD) simulations were conducted to 
investigate the enhanced electric field near QD at various excitation wavelengths. A 
linear relationship with the measured fluorescence enhancement was achieved. As the 
fluorescence enhancement is highly sensitive to the local electric field environment, we 
attached biomolecules onto the PS-AuNP-QD and investigated how such change can 
influence the fluorescence enhancement. 
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Over-1000-nm (OTN) NIR fluorescence bioimaging: System and material 
developments 

Kohei Soga1,2, mail@ksoga.com, Hiroshi Hyodo1,2, Hidehiro Kishimoto2,3.  (1) 
Department of Materials Science and Technology, Tokyo University of Science, Noda, 
Chiba 278-8510, Japan  (2) Center for Technologies against Cancer, Tokyo University 
of Sicence, Noda, Chiba 278-0022, Japan  (3) Research Institute for Biological 
Sciences, Tokyo University of Science, Noda, Chiba 278-0022, Japan 

Over-1000-nm (OTN) near infrared (NIR) wavelength region in 1000-1700 nm has been 
known to be a "biological window" where the both tails of scattering and infrared 
absorption decrease to form a valley in optical loss spectra of biological objects. 
However, most of the currently used wavelengths for florescence bioimaging (FBI) are 
limited up to 1000 nm due to the use of Si-CCD, while InGaAs CCD has become 
popular in the past several years to image in 900-1700 nm wavelength region. Rare-
earth doped ceramic nanophosphors (RED-CNP) can be a candidate of luminescent 



agents in the OTN-NIR region. The author's group has developed the OTN-NIR FBI 
systems and materials both for cellular and in vivo FBI by using the RED-CNP. 
Consequently, an observation death of several centimeters was achieved for mouse 
imaging . The presentation will review the past several years' development of the OTN-
NIR FBI systems and materials. 
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Constructing multifunctional nanoparticles by molecular self-assembly 

Nisaraporn Suthiwangcharoen, Nisaraporn.Suthiwangcharoen@us.army.mil, 
Ramanathan Nagarajan.Molecular Sciences and Engineering Team, Natick Soldier 
Research, Development and Engineering Center, Natick, MA 01760, United States 

Design and engineering of nanoparticles capable of displaying multiple functionalities is 
of great interest to many applications such as soldier protective clothing resembling a 
second skin, biosensors, and biomedical applications of targeted drug delivery, 
diagnostic imaging and molecular diagnostics. However, combining multiple functional 
components onto a single nanoparticle has been a challenging task due to the loss of 
one or more functionality in the process of introducing another functionality and the 
inability to control the introduction of more than one functionality onto a nanoparticle. 
We report a flexible approach to constructing multifunctional nanoparticles employing 
the machinery of molecular self-assembly, starting with individually functionalized block 
copolymers. The commercially available polyethylene oxide - polypropylene oxide - 
polyethylene oxide block copolymer (Pluronic F 127) is used as the building block of the 
nanoparticles and the functionalities are provided by other chemical moieties 
conjugated to it such as folic acid, transferrin or MRI contrasting agent. The conjugated 
block copolymer is prepared by attaching to the end of the block copolymer each 
functional moiety via degradable linkers. The self-assembly of the conjugated block 
copolymer is promoted by solvent polarity control to generate the multifunctional 
nanoparticle. Quantitative analysis of the amount of each conjugated functionality is 
determined by spectrophotometry. The self-assembly method allows us to vary the 
relative proportion of functionalities. The combination of the ability to control the 
nanoparticle size and shape and the ability to perform multiple functions render these 
nanoparticles interesting candidates for numerous applications. 
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Colloidal based drug delivery capsule: Delivers payload upon detection of a 
specific DNA sequence 



Preston B Landon1, plandon@ucsd.edu, Mukanth B Vaidyanathan1, Alexander H Mo2, 
Mike Hwang1, Joon Lee1, Lu Yang1, Ratnesh Lal1.  (1) Bioengineering, University of 
California, San Diego, La Jolla, CA 92093, United States  (2) Materials Science and 
Engineering Program, University of California, San Diego, La Jolla, CA 92093, United 
States 

Metallic hallow nano-bowls were fitted with a DNA zipper based spring mechanism and 
a colloidal lid. Upon interaction with specific DNA strand the nano-bowl and lid complex 
disassociate resulting in the delivery of the capsules internal payloads. The colloidal 
metallic nano-bowls were synthesized on sacrificial colloidal templates. A DNA zipper is 
a double-stranded DNA system engineered to open upon its specific interaction with 
appropriately designed single strand DNA, opening of the zipper is driven by binding 
energy differences between the DNA strands. The zipper system is incorporated with 
defined modifications to function like a spring, capable of delivering ~9 pN force over a 
distance of ~13 nm, producing ~116 kJ/mol of work. The working principles and 
synthesis techniques of the device are presented together with the experiment results of 
the capsule system. 
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A New Long Life Tracing Light Transforming Hyperthermia Reagent of 
Nanodiamond-Gold/Silver Muti-functional Nanopartilces 

Ru-Shi Liu1, rsliu@ntu.edu.tw, Liang-Chien Cheng1, Hao Ming Chen1,2, Tsung-Ching 
Lai3,4, Michael Hsiao3,4, Chung-Hsuan Chen3, Li-Jane Her5, Din Ping Tsai2, James C. 
Sung6, Shu-Fen Hu7.  (1) Department of Chemistry, National Taiwan University, Taipei, 
Taiwan Republic of China  (2) Department of Physics, National Taiwan University, 
Taipei, Taiwan Republic of China  (3) Genomics Research Center, Academia Sinica, 
Taipei, Taiwan Republic of China  (4) Institute of Microbiology and Immunology, 
National Yang-Ming University, Taipei, Taiwan Republic of China  (5) Innovation Center, 
Taiwan Hopax Chems. Mfg. Co., Ltd., Kaohsiung, Taiwan Republic of China  (6) RiteDia 
Co., Hsinchu, Taiwan Republic of China  (7) Department of Physics, National Taiwan 
Normal University, Taipei, Taiwan Republic of China 

In this investigation, we demonstrate a simple synthesis route to fabricate muti-
functional nanodiamond-Gold/Silver nanoparticles. Fluorescent nanodiamond was 
established by surface paasivation and urchin-liked Gold/Silver nanoparticles can be 
obtained through one-pot synthesis, and combined via further thiolation of 
nanodiamond. The morphology of nanodiamond-Gold/Silver nanoparticles was 
identified by high-resolution transmission electron microscopic, and recognized through 
the diffraction patterns. Fourier transform infrared spectroscopy clearly monitored the 
evolution of the nanoparticles surface functionalization. High photo stability fluorescence 
of the materials was examined by high power laser irradiation and long-time storage at 
room temperature. Furthermore, to develop the bio-recognition of nanodiamond-
Gold/Silver nanoparticles, the pre-modified transfferin was utilized to conjugate with the 
materials, and the validation of specificity and activity was confirmed in vitro using J5 



cancer cell. Ultimately, this muti-functional material exist huge potential for application in 
simple synthesis, non-cytotoxic, long-term tracing and high photothermal therapy for 
effective treatment of cancer. 
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Thermo-responsive microgels featuring thiols and disulfides 

Jeffrey Gaulding, jeffgaulding@gatech.edu, L. Andrew Lyon.School of Chemistry and 
Biochemistry and the Petit Institute for Bioengineering and Bioscience, Georgia Institute 
of Technology, Atlanta, GA 30332, United States 

Hydrogel nanoparticles, or microgels, have a great deal of potential in biomedical 
applications due to their soft, tissue-like consistency and chemical versatility. 
Additionally, many types of microgels undergo changes in swelling and network 
structure in response to physiologically-relevant phenomena, such as temperature, pH, 
or redox conditions. Such properties make them ideal for rationally designing structures 
for biointerfaces or drug delivery. Recently, we have demonstrated the synthesis of 
thermo-responsive microgels incorporating disulfide linkages and reactive thiols via 
precipitation polymerization, a versatile technique suitable for incorporation of numerous 
other functionalities and control over microgel architecture. These particles allow access 
to thiol-chemistry in the form of selective, mild coupling reactions as well as reversible 
methods to direct microgel assembly. Consequently, these microgels further expand the 
design space around biological applications, such as orthogonal conjugation, multiple 
responsivity, and reversible mechanical changes. The synthesis of these particles and 
examples of their applicability will be discussed. 
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Quantification of Cell Surface Receptor Expression and Spatial Organization 
through Plasmon Coupling 

Jing Wang, jennyw@bu.edu, Björn Reinhard.Department of Chemistry, Boston 
University, Boston, MA 02215, United States 

The expression and spatial organization of cell surface receptors, such as 
nanoclustering, encode information about cancer development and provide useful 
diagnostic cues. Using multivalent gold nanoparticle (Au NP) immunolabeling strategy 
for the labeling of epidermal growth factor receptors ErbB1 and ErbB2, we demonstrate 
through combination of scattering spectroscopy, electron microscopy, and 
electromagnetic simulations that the collective spectral response of NPs targeted at 
ErbB1 and ErbB2 facilitates the simultaneous quantification of their expression level and 
spatial organization in different cancer cell lines (SKBR3, MCF7, A431). We validate 
NPs targeted at ErbB1 on A431 are more strongly clustered than that bound to ErbB2 
on SKBR3 or MCF7 at overall comparable NP surface densities. Moreover, we find the 
NP density on filopodia that extend beyond the leading edge of A431 cells is higher than 



on the dorsal membrane, indicating the filopodia function as “remote” sensing antenna 
in the outer environment of cell body. 
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Corking Carbon Nanotube Cups with Gold Nanoparticles 

Alexander Star, astar@pitt.edu.Department of Chemistry, University of Pittsburgh, 
Pittsburgh, PA 15260, United States 

Nitrogen doping of carbon nanotubes can create unique stacked cup-shaped 
nanostructures termed as nitrogen-doped carbon nanotube cups (NCNCs). Unlike 
undoped carbon nanotubes with continuous hollow interior, the tubular NCNCs consist 
of many compartments resembling the shape of stacked cups with diameters and 
lengths of 20–40 nm and 30–100 nm, respectively. These cups have hollow cavities and 
elevated reactivity because of the nitrogen-containing functional groups. NCNCs were 
readily synthesized using chemical vapor deposition (CVD) and separated using a 
probe-tip sonication process. Using both microscopic and spectroscopic techniques, we 
have determined quantitatively concentration and distribution of nitrogen functionalities 
on NCNCs. These groups were found preferentially at the open rims of the cups and 
were utilized for further attachment of gold nanoparticles. We were able to effectively 
cork the cups with gold nanoparticles of matching diameters. These findings might be 
important for potential applications of NCNCs as drug delivery vehicles. 
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Donor-acceptor interactions between carbon nanomaterials and biocompatible 
fluorophors: new hybrid materials and their cellular bioimaging 

Sofia I. Pascu, S.pascu@bath.ac.uk.Department of Chemistry, University of Bath, Bath, 
United Kingdom 

We report here our investigations into new organic and inorganic molecules with 
anticancer properties which can simultaneously self-assemble onto the surface 
of carbon nanotubes and graphene nanoflakes giving donor-acceptor complexes, 
held together by aromatic interactions which are maintained in aqueous media. 
We are particularly focusing on the design and in vitro imaging of new molecules 
in the family of naphthalene diimides (NDI) modiffied with targetting peptides 
such as bombesin and cRGD. Additionally, the carbon nanotubes acting as 
substrates can be doped with long lived metallic radionuclides. The resulting 
nanohybrids denoted NDI@SWNTs were explored as promissing probes for 
multimodality imaging methods (Positron Emission Tomography coupled with 
optical imaging in the nearIR). We carried out extensive in vitro confocal 
fluorescence imaging to verify the nuclear uptake and perinuclear (nominally in 
the endoplasmic reticulum or golgi bodies) localisation of new NDI@SWNTs 
nanohybrids. Two photon fluorescence lifetime imaging microscopy (FLIM) 



demonstrated that these supramolecular aggregates are likely to be taken up in 
cells as intact objects without the loss of the supramolecular coating en route to 
cells. The intracellular speciation observations of hybrid nanomaterials by FLIM 
mapping in vitro were based upon the relative emission lifetimes of each of the 
species (free NDI and NDI@SWNT). Longer term this multiphoton imaging 
approach can allow us to monitor the uptake and /or decomposition pathways of 
complex nanomaterials in cells (cancerous and non-cancerous) and elucidate 
their intracellular distribution which can speed up drug design and biological 
screening of future nanotheranostics in general. 
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Large-scale synthesis and designed assembly of uniform-sized nanocrystals for 
medical applications 

Taeghwan Hyeon, thyeon@snu.ac.kr, Nohyun Lee, Taeho Kim.Department of 
Chemical and Biological Engineering, Seoul National University, Seoul, Korea 151-742, 
Republic of Korea 

We developed a new generalized synthetic procedure, called as “heat-up process,” to 
produce uniform-sized nanocrystals of many transition metals and oxides without a size 
selection process. We were able to synthesize uniform magnetite nanocrystals as much 
as 1 kilogram-scale from the thermolysis of Fe-oleate complex. 

Extremely small 3 nm-sized iron oxide nanoparticles (ESION) were used for high 
resolution imaging of blood vessels of < 0.2 mm. Ferrimagnetic iron oxide nanoparticles 
(FION) of > 20 nm exhibit extremely large magnetization and coercivity. The cells 
labeled with FIONs showed so enormous T2 contrast effect that even single cells were 
readily image. After transplantation of syngeneic islets, the diabetic rats became 
euglycemic, and the transplanted islets were observed up to 150 days. In addition, 
theoretically predicted maximum of r2 relaxivity was achieved by optimizing the overall 
size of ferrimaginetic iron oxide nanoparticles. The ferrimagnetic iron oxide nanoparticle 
exhibited excellent colloidal stability and was able to accumulate at the tumor after 
intravenous administration.We reported on the fabrication of monodisperse magnetite 
nanoparticles immobilized with uniform pore-sized mesoporous silica spheres for 
simultaneous MRI, fluorescence imaging, and drug delivery. We prepared Fe3O4/TaOx 
core/shell nanoparticles for simultaneous MRI and CT imaging. We synthesized hollow 
magnetite nanocapsules and used them for both the MRI contrast agent and magnetic 
guided drug delivery vehicle. 

Cubic phase NaGdF4:Yb,Er@NaGdF4 core@shell upconverting nanoparticles (UCNPs) 
were proposed as a new type of multimodal imaging probe for luminescence imaging 
and T1 magnetic resonance imaging (MRI). UCNPs emit visible light under NIR 
excitation, and they have been developed as next generation luminescent probes. The 
deep penetration depth of NIR as light source, excellent photostability, and absence of 



autofluorescence of UCNPs makes them suitable for bio-imaging and long-term 
tracking. 
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H-bonding as a function of salt composition at the quartz-water interface from 
DFT and reactive classical MD simulations 

James D Kubicki1, jdk7@psu.edu, Andrei V Bandura2, Adri C van Duin3.  (1) 
Department of Geosciences, The Pennsylvania State University, University Park, PA 
16802, United States  (2) Department of Quantum Chemistry, St. Petersburg State 
University, St. Petersburg, Russian Federation  (3) Department of Nuclear and 
Mechanical Engineering, The Pennsylvania State University, University Park, PA 16802, 
United States 

The nature of the quartz-water interface changes as a function of dissolved salt content 
(ionic strength) and composition as evidenced by sum-frequency generation 
spectroscopy and inferred from quartz dissolution studies. This work employs 
planewave density functional theory MD simulations and energy minimizations with the 
reactive classical force field, ReaxFF, in order to investigate the molecular-level 
structure and dynamical changes that occur. A quartz surface was modeled with pure 
water and solutions of HCl, Na+ and Mg2+. H-bonding re-arrangements are predicted in 
the HCl, Na+ and Mg2+ model systems compared to the pure water case that show a 
greater tendency toward intrasurface H-bonding instead of surface-H2O H-bonding. 
These results are consistent with the observed increase in quartz dissolution rate 
constants while the activation energies remain constant. DFT and experimental results 
were used to parameterize ReaxFF for the Si-O-H system. Classical MD simulations 
were then run on larger models for longer durations to explore the effect of surface 
charge on water structure and dynamics. 
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Structure and nonlinear vibrational spectra of water at solid surfaces: insights 
from experiments and molecular simulations 

Sanra Roy, Paul A Covert, Travis G Trudeau, Kailash C Jena, Dennis K Hore, 
dkhore@uvic.ca.Department of Chemistry, University of Victoria, Victoria, BC V8W 3V6, 
Canada 

The structure of water at solid surfaces plays a vital role in processes such as catalysis, 
chemical separations, and the adsorption of biomolecules to the surfaces of medical 
implants. Understanding the structure of the few layers of water that find themselves in 
an environment substantially different from that of the bulk liquid phase requires a 
concerted effort in experiments and molecular simulations. Nonlinear vibrational 
spectroscopy is a particularly useful technique as it can selectively study interfacial 
species with very little perturbation from molecules in the adjacent bulk phase. Still, it is 



challenging to interpret spectra from such a complex species, with hydrogen bonding 
environments extending over an approximately 1000 wavenumber distribution. For this 
reason, molecular simulations can greatly assist in the microscopic interpretation of the 
spectrocopic results. This talk will demonstrate how vibrational spectroscopy and 
molecular dynamics simulations may be used to undertand the organization of water 
molecules at solid hydrophilic surfaces, and their subsequent role in sequestering and 
orienting adsorbates at the solid-water interface. 
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Are metal (hydr)oxide nanoparticles indeed nonpolarizable? 

Irina Chernyshova, irina905C@gmail.com, Sathish Ponnurangam, Ponisseril 
Somasundaran.Department of Earth and Environmental Engineering, Columbia 
University, New York, NY 10027, United States 

Aquatic chemistry of metal (hydr)oxide nanoparticles (NPs) such as TiO2, Fe2O3, 
CeO2 is commonly studied assuming that these NPs are nonpolarizable. In contrast, we 
demonstrate that the interfacial potential, adsorption capacity, and affinity of these NPs 
strongly depend on the electric polarization. This discovery suggests that the 
semiconducting NPs should be classified as amphifunctional and calls for the revision of 
the commonly accepted Gouy-Chapman structure of the electric double layer built up 
around these NPs in water. 
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Effect of alkali cations on quartz dissolution and interfacial water structure 

Mohsen S Yeganeh, Mohsen.S.Yeganeh@ExxonMobil.com, Hubert E 
King.ExxonMobil Research and Engineering, Annandale, New Jersey 08801, United 
States 

This talk will focus on the use of sum frequency generation spectroscopy to study the 
effect of alkali metal cations on the dissolution of SiO2. We have shown that the main 
cause for an increase in the quartz dissolution rate upon addition of alkali salts is 
disordering of the water structure at the quartz/water interface. The structurally 
disordered water can readily approach and attack Si-O-Si bonds. We have also 
demonstrated that the primary path for the disordering phenomenon is the non-specific 
adsorption of alkali cations at the quartz/water interface, which follows a lyotropic 
sequence where the degree of disordering increases with the atomic number of the 
alkali cation(s). 

COLL 444 

Effect of salt and pH on water arrangement at the water/silica interface 



Shalaka Dewan1, shalaka.dewan@temple.edu, Mohsen S Yeganeh2, Eric Borguet1.  
(1) Department of Chemistry, Temple University, Philadelphia, PA 19122, United States  
(2) ExxonMobil Research and Engineering Company, Annandale, NJ 08801, United 
States 

Many environmental processes depend on interactions at the silica/water interface, a 
fundamental understanding of which is still evolving. While aqueous ionic strength 
influences silica surface charge and dissolution rate, the role of solvent in these 
processes is unknown. In-situ vibrational Sum-Frequency Generation (vSFG) 
spectroscopy of the water/silica interface at various pH and ionic strengths reveals that 
the impact of ions on the molecular arrangement of interfacial water strongly depends 
on pH, peaking at near neutral pH. The change in interfacial solvent structure on 
addition of salt correlates with the effect of salt on silica surface charge and dissolution, 
as described by the 'surface charge sensitivity' model [1]. Our vSFG study provides 
experimental evidence for the critical role of interfacial water arrangement on chemical 
reactivity at solid-liquid interfaces. 

[1] P.M. Dove, Dissolution Kinetics of Quartz in Sodium Chloride Solutions at 25° to 
300° C, American Journal of Science, 294, 665-712 (1994) 
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Ion specific acid-base equilibria of the silica/water interface studied by second 
harmonic generation spectroscopy 

Md Shafiul Azam, azam@ualberta.ca, Champika N. Weeraman, Julianne M. Gibbs-
Davis.Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, 
Canada 

The silica/water interface is crucial in many geochemical, environmental, and industrial 
processes. The nature of these processes depends extensively on the surface charge 
density and thus on the acid-base equilibria of the interface. Using non-resonant second 
harmonic generation spectroscopy, we recently observed that the acid-base equilibria of 
the silica/water interface is influenced by the identity of the ions present in the aqueous 
phase. Herein we present the quantitative dependence of surface charge density of the 
silica/water interface over a broad pH range in the presence of different alkali halides. 
The effective pKa values for the silica/water interface change dramatically depending on 
the nature of the alkali halide. More polarisable anions like iodide also exhibit 
cooperative acid-base behavior indicating that the mechanism of deprotonation also 
depends on the identity of the electrolyte. The effect of the salt concentration on the 
effective pKa, and surface speciation of silanol groups will also be discussed. 
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A Reliable Wet-Chemical Cleaning Method for Sapphire Substrates 



Dan Zhang, zhangd82@163.com, Yang Gan.School of Chemical Engineering and 
Technology, Harbin Institute of Technology, Harbin, Heilongjiang 150001, China 

A contaminant-free surface of sapphire substrates is key to the studies on the aqueous 
interfacial properties including charging, absorption and reaction. In literature, one often 
found that wet-chemical cleaning methods for silicon substrates have been directly 
adopted and claimed to be valid for treating sapphire substrates. These methods were, 
however, found to be actually invalid for sapphire substrates in terms of effectively 
removing both organic and particulate contaminants after being critically evaluated 
using contact angles measurements, XPS and AFM characterization. Based on 
thorough examination of the cleaning effect of various wet-chemical solutions, UV light 
and plasma irradiation, we proposed a new method consists of a set of modified RCA 
cleaning protocols. The new method showed outstanding cleaning performance for 
sapphire (0001) substrates. 
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Motion generation by bipolar electrochemistry 

Gabriel Loget, gabriel.loget@enscbp.fr, Zahra Fattah, Laurent Bouffier, Alexander 
Kuhn.Analytical Nanosystems, Molecular Sciences Institute, University of Bordeaux, 
Pessac, France 33000, France 

Micro- and nanoparticle transport in lab-on-chip or biological systems is attracting an 
increasing attention for the elaboration of novel diagnosis or biosensing devices.1 In this 
contribution, we propose new original concepts based on bipolar electrochemistry to 
generate controlled motion of nano- and microobjects. When a conducing particle is 
placed in an electric field, its polarization leads to an asymmetry of its surface 
chemistry. The potential difference which is generated between its two extremities can 
be used to drive localized redox reactions.2,3 By using this phenomenon, we synthetized 
dissymmetrical microswimmers.4-7 The asymmetric reactivity that is induced by bipolar 
electrochemistry can also directly generate motion of non-hybrid objects. Using this 
concept, it is possible to propel linearly metallic micro-dendrites by a 
deposition/dissolution mechanism.8 

 
 
 
On the other hand the remote controlled electrogeneration of bubbles, either at both or 
one extremity of a conductive microobject, can be used for rotations, translations, 
levitation and cargo-lifting.9,10 

(1) Campuzano, S.; Kagan, D.; Orozco, J.; Wang, J. Analyst 2011 , 136, 4621. 
(2) Loget, G.; Kuhn, A. Anal. Bioanal. Chem. 2011 , 400, 1691. 
(3) Anand, R. K.; Laws, D. R.; Chow, K.-F; Chang, B.-Y.; Crooks, J. A.; Crooks, R. M. 
Anal. Chem. 2010 , 82, 8766. 
(4) Warakulwit, C.; Nguyen, T.; Majimel, J.; Delville, M.H.; Lapeyre, V.; Garrigue, P.; 



Ravaine, V.; Limtrakul, J.; Kuhn, A. Nano Lett. 2008 , 8, 500. 
(5) Loget, G.; Lapeyre, V.; Garrigue, P.; Warakulwit, C.; Limtrakul, J.; Delville, M.-H.; 
Kuhn, A. Chem. Mater. 2011 , 23, 2595. 
(6) Loget, G.; Larcade, G.; Lapeyre, V.; Garrigue, P.; Warakulwit, C.; Limtrakul, J.; 
Delville, M.-H.; Ravaine, V.; Kuhn, A. Electrochim. Acta 2010 , 55 8116. 
(7) Fattah, Z.; Loget, G.; Warakulwit, C.; Limtrakul, J.; Bouffier, L.; Kuhn, A. Electrochim. 
Acta 2011 , 56, 10562. 
(8) Loget, G.; Kuhn, A. J. Am. Chem. Soc. 2010 , 132, 15818. 
(9) Loget, G.; Kuhn, A. Nat. Commun. 2011 , 2, 535. 
(10) Loget, G.; Kuhn, A. Lab. on Chip 2012 , in press, DOI : 10.1039/C2LC21301J. 
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Area, Stiffness, Friction and Adhesion in Multi-Asperity Contacts 

Tristan Sharp, Lars Lars Pastewka, Mark O. Robbins, mr@pha.jhu.edu.Department of 
Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, United States 

The presence of roughness on a wide range of length scales has profound effects on 
contact and friction between experimental surfaces. The talk will present results for the 
load dependence of contact area, contact stiffness and friction for nonadhesive and 
adhesive surfaces with a self-affine fractal geometry. Simulations retain atomic structure 
for a few layers of atoms near the surface and use a Greens function method for an 
elastic continuum to determine the long-range elastic response. Under a broad range of 
conditions the area of intimate contact Ac between nonadhesive surfaces and the 
normal stiffness kN are both proportional to the applied load. These quantities are 
relatively insensitive to the atomic scale structure of surfaces, and even local plasticity. 
In contrast, atomic structure changes friction and tangential stiffness by orders of 
magnitude. For weak adhesion and strong roughness the linear relation between area, 
stiffness and load is retained, but the ratio of area to load increases. A simple scaling 
law predicts the change in ratio and the conditions for a finite pull-off force. 
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Atomic step edge effects on friction 

Philip Egberts1, egberts@seas.upenn.edu, Xin Zhou Liu1, Zhijiang Ye3, Yalin Dong2, 
Ashlie Martini3, Robert W. Carpick1.  (1) Mechanical Engineering and Applied 
Mechanics, University of Pennsylvania, Philadelphia, Pennsylvania 19104, United 
States  (2) School of Mechanical Engineering, Purdue University, West Lafayette, 
Indiana 47907, United States  (3) School of Engineering, University of California 
Merced, Merced, California 95343, United States 

Atomic friction experiments on flat surfaces have provided valuable information towards 
understanding fundamental friction laws. In this study, we examine the complexity of 
atomic-scale friction by considering the effects of an atomic step on the surface. Atomic 



steps have been shown to have a negligible effect on the friction observed at these step 
edges in certain instances, but in other cases can show increased dissipation compared 
to the surrounding terraces. Typically this higher friction is attributed to the enhanced 
coordination of the atoms at the step edge, referred to as the Schwoebel barrier, with an 
atomic force microscope (AFM) tip. Through experiments, analytical models, and 
molecular dynamic (MD) simulations, we propose that two distinct mechanisms affect 
the lateral force at the step, one being conservative (resulting from step geometry), and 
the other is dissipative (resulting from the Schwoebel effect), and find that the relative 
magnitude of each can be affected by the tip size and environment. 
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Seamless elastic boundaries for atomistic calculations 

Lars Pastewka1,2, pas@pha.jhu.edu, Tristan A. Sharp1, Mark O. Robbins1.  (1) 
Department of Physics and Astronomy, Johns Hopkins University, Baltimore, Maryland 
21218, United States  (2) Fraunhofer Institute for Mechanics of Materials, Freiburg, 
Deutschland 79100, Germany 

The elastic response of an infinite bulk crystalline solid with a free surface can be 
renormalized into a linear operator, the surface Green's function, that acts on the 
surface's degrees of freedom only. We here present a general transfer matrix 
formulation that allows the computation of the elastic surface Green's function from the 
knowledge of the interatomic interaction. Our approach naturally allows a treatment of 
multi-atom unit cells that are necessary to couple a renormalized substrate to a full 
atomistic system that interacts via long-ranged forces. The substrate interaction is 
treated exactly up to harmonic order and the full system comprising atomistic and 
elastic boundary regions is described by a single Hamiltonian. This concurrent multi-
scale coupling enables simple, seamless semi-infinite elastic boundary conditions for 
atomistic simulations where near-surface deformations occur, such as nanoindentation, 
contact, friction, or fracture. We demostrate this method on select problems from 
contact mechanics and tribology. 

COLL 451 

Triboelectricity: Macroscopic charge patterns formed by self-arraying ions on 
polymer surfaces 

Thiago AL Burgo1, burgounicamp@gmail.com, Telma RD Ducati1, 
telma.rie@gmail.com, Kelly R Francisco1, Karl J Clinckspoor1, Fernando Galembeck1,2, 
Sergio E Galembeck3.  (1) Institute of Chemistry, University of Campinas, Campinas, 
SP 13083-710, Brazil  (2) National Nanotechnology Laboratory, National Center for 
Energy and Materials Research, Campinas, SP 13083-970, Brazil  (3) Chemistry 
Department, University of São Paulo, Ribeirão Preto, SP 14040-901, Brazil 



Tribocharged polymers display macroscopically patterned positive and negative 
domains, verifying the fractal geometry of electrostatic mosaics previously detected by 
electric probe microscopy. Excess charge on contacting polyethylene (PE) and 
polytetrafluoroethylene (PTFE) follows the triboelectric series and the net charge is the 
sum of patterned positive and negative charges, opposing the usual assumption of 
uniform but opposite-signal charging on each surface. Extraction with n-hexane 
removes positive charges from PTFE, while 1,1-difluoroethane and ethanol remove both 
positive and negative charges. Using suitable analytical techniques (EELS/ESI, IR and 
carbonization/colorimetry) and theoretical calculations, we identified the positive species 
as hydrocarbocations and the negative species as fluorocarbanions. A comprehensive 
model will be presented for PTFE tribocharging with PE and shows that tribocharging 
can only be understood by considering the complex chemical events triggered by 
mechanical action, coupled to well-established physico-chemical concepts. Patterned 
polymers can be cut and mounted to make macroscopic electrets and multipoles. 
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Recent progress on nanowear of single-crystalline silicon 

Bingjun Yu1, Jiaxin Yu1, Lei Chen1, Linmao Qian1, linmao@swjtu.edu.cn, Zhongrong 
Zhou1, Seong H. Kim2.  (1) Tribology Research Institute, National Traction Power 
Laboratory, Southwest Jiaotong University, Chengdu, Sichuan 610031, China  (2) 
Department of Chemical Engineering, The Pennsylvania State University, University 
Park, Pennsylvania 16802, United States 

The nanowear of single-crystalline silicon was investigated under various ambient 
conditions and relative humidity. When RH<7%, the nanowear presents hillocks 
regardless of the counter-surface chemistry and ambient gas type. TEM analysis 
indicates that the generation of hillock is mainly dominated by mechanical interaction. 
However, when RH>7%, the hillock formation is completely suppressed and 
tribochemical wear takes place even at contact pressure much lower than the hardness 
of silicon. The tribochemical wear increases drastically in the RH regime where the 
adsorbed water layer assumes the 'solid-like' structure; further increase of wear is small 
in higher RH regime where the 'liquid-like' water layer is formed. The humidity-induced 
wear occurs only when the counter-surface is SiO2; but not with the diamond counter-
surface. This implies that the interfacial shear of the water-adsorbed SiO2 surface with a 
chemically-inert counter-surface is not sufficient to initiate the tribochemical wear; both 
substrate and counter-surface must be chemically reactive. 

COLL 453 

Effects of Vapor Adsorption on Adhesion, Friction, and Wear of Solid Surfaces in 
Abmient Conditions 

Seong H Kim, shkim@engr.psu.edu.Chemical Engineering, Pennsylvania State 
University, University Park, PA 16802, United States 



In tribology, there are many examples where we expect certain adhesion, friction and 
wear behaviors based on mechanical properties of solids or structures of molecules 
involved; but find drastically different results. There are clear demonstrations that 
fundamental understandings of tribological systems at nano- or molecular scales are 
still far from realistic. For example, it is often expected that friction and wear behaviors 
of glass and silica are similar since both are based on amorphous Si-O networks and 
their moduli are similar. Thus, many scientists study silica surfaces as a model system 
for more complicated glasses. However, their wear behaviors are drastically different in 
humid environments. We expect the wear is always lower when the friction coefficient is 
lower; but diamond-like carbon (DLC) exhibits no wear in alcohol vapor environments 
even though its friction coefficient is much higher than the values measured in dry 
conditions in which hydrogenated DLC surface shows wear. These are a few examples 
where conventional solid contact mechanics or tribochemistry models cannot explain 
the interfacial processes. These observations can be explained only when we fully 
understand the mechanochemical interplay at nanoscales between the solid surfaces 
and the molecules adsorbed from the environment. 
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Experimental flow profiling in an elastohydrodynamic contact 

Aleks Ponjavic, aleks.ponjavic@imperial.ac.uk, Mourad Chennaoui, Janet S S 
Wong.Mechanical Engineering, Imperial College London, London, Greater London SW7 
2BX, United Kingdom 

Knowledge of the flow profile is necessary to identify sources of traction in an 
elastohydrodynamic contact. Yet, there has been little work on the direct measurement 
of flow, as the nanoscopic film thickness prevents the use of conventional techniques. 

Photobleached-fluorescence imaging was used to obtain the first experimental flow 
profile within an elastohydrodynamic contact. The investigated lubricants show multiple 
flow phenomena and do not follow the predicted Couette flow, often assumed in 
tribology theory. 

Two distinct flow conditions were observed: a transition from Couette flow to a non-
linear velocity profile and either shear banding or dilation. Both conditions were shown 
to depend on the position in the contact and the shear rate. Causes, such as the 
pressure gradient and the critical shear stress of the lubricant are discussed, as well as 
the effect on traction. 

COLL 455 

In-Situ Observation of Nanoparticles' Dynamics in a Tribological Contact 

Mourad Chennaoui, m.chennaoui@imperial.ac.uk, Janet Wong.Department of 
Mechanical Engineering, Imperial College London, United Kingdom 



Nanoparticles (NPs), in the forms of nano-additives and wear particles, exist in 
lubricants. Their dynamics governs the effectiveness of lubricants. Yet, in-situ 
visualisation of NPs' dynamics in a tribological contact under realistic engineering 
conditions is non-trivial when high resolutions are sought. A novel micro-tribometer has 
been developed, which when coupled with fluorescence imaging, allows in-situ 
visualisation of model NPs' dynamics in Boundary and Elastohydrodynamic lubrication 
regimes. 

In this work, model lubricants containing NPs were used. Various surface modifications 
were applied to both NPs and rubbing surfaces to study how their interactions affect 
NPs' dynamics, and the lubricant's flow behaviour. The starvation, adsorption, formation 
and dissolution of NP clusters with changing entrainment velocity were observed. The 
work highlights the importance of understanding the effect of interfaces and how we can 
improve the lubricant's performance by clever engineering of surface chemistry. 
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Colloidal Nanoplasmonics. From the building blocks to sensing devices 

Luis M. Liz-Marzán, lmarzan@uvigo.es.Departamento de Quimica Fisica, Universidade 
de Vigo, Vigo, Pontevedra 36310, Spain 

Nanoplasmonics can be defined as the science studying the manipulation of light using 
materials of size much smaller than the radiation wavelength. This is typically achieved 
using nanostructured metals, since they can very efficiently absorb and scatter light 
because of their ability to support coherent oscillations of free (conduction) electrons. 
Although the remarkable optical response of “finely divided” metals is well known since 
more than 150 years ago, the recent development of sophisticated characterization 
techniques and modeling methods has dramatically reactivated the field. Another 
extremely important pillar on which the development of nanoplasmonics has been 
based was the great advance in fabrication methods, which provide us with an exquisite 
control over the composition and morphology of nanostructured metals. Both 
lithography and colloid chemistry have seen a tremendous increase in the control that 
can be achieved, to a degree that seemed impossible only a decade ago. In particular, 
Colloid Chemistry has the advantage of simplicity and larger scale production, while 
offering a number of parameters that can be used as a handle to direct not only 
nanoparticle morphology but also surface properties and subsequent processing. 

This talk will provide an overview of “colloidal nanoplasmonics” as a sufficiently mature 
field to bridge the basic fabrication of nanoplasmonic building blocks, all the way to 
devices that can be used for real applications. The main message is that, although we 
have all necessary tools at hand and can make use of them to demonstrate the 
usefulness of these materials, basic understanding of the structure, surface chemistry 
and colloidal (phase) behavior is crucial to reach this target. 
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Nonlinear Light Scattering from Buried Interfaces in Colloids and Thin Films 

Hai-Lung Dai, hldai@temple.edu.Department of Chemistry, Temple University, 
Philadelphia, PA 19122, United States 

Proposed Lecture Title and Abstract – Hai-Lung Dai  

Nonlinear Light Scattering from Buried Interfaces in Colloids and Thin Films  

The structure and properties of interfaces are known to greatly affect properties of 
systems such as colloids containing nano- to micro-particles and molecular thin films 
that are of great interests in current technology development. These interfaces, 
however, are experimentally challenging to probe as they are buried deep in the 
condensed media. 

Nonlinear light scattering, due to its symmetry properties, is intrinsically effective for 
probing the buried interfaces in colloids and thin films. 

We will show that nonlinear light scattering phenomena, such as second harmonic 
generation (SHG), can be used to determine the structure of the interfacial layer in 
between a molecular thin film and the solid substrate. The interfacial structure is shown 
to greatly affect the crystallization mechanism of the thin films. SHG can also be used to 
time-resolve the kinetic processes in the thin films, including phase transition, glass 
transition, nucleation, and crystallization. The wetting-dewetting temperature of water on 
hydrophobic surfaces has been determined. The structural response of the interfacial 
layer between room-temperature ionic liquids and electrodes under external electric 
field is revealed. 

Fundamental understanding on nonlinear light scattering from the surface of colloidal 
particles with sizes ranging from nanometers to microns has been established recently. 
The fundamental knowledge is built on both theoretical development as well as 
experimental verification. We have shown that SHG from particles with sizes much 
smaller than the light wavelength can still be detected and that molecular structure at a 
spherical particle surface can now be determined. These fundamental advances have 
enabled us to characterize the reactions occurring at the surface of metallic 
nanoparticles, understand how charged molecules adsorb onto charged particle 
surfaces, determine the binding energy of dyes on particles in dye-sensitized solar cells, 
discern the effect of surface treatment of carbon black in ink jet processing, and 
measure the adsorption and transport rates of molecular ions at membranes of living 
biological cells. 

The lecture will contain the fundamental principles, including recently developed 
theoretical description, of nonlinear light scattering from the surface of colloidal particles 
and the interface between thin films and solid substrates. How structure and properties 
at the surfaces and interfaces buried deep in colloids and molecular films are 



determined, along with the critical understanding gained on the colloid and thin film 
properties based on the characterization of the buried interfaces will be presented. 
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Directing the growth and structure of metal nanocrystals 

Luis M. Liz-Marzán, lmarzan@uvigo.es.Departamento de Quimica Fisica, Universidade 
de Vigo, Vigo, Spain 

The assembly of nanoparticle building blocks is a pre-requisite for the amplification of 
the properties of the components and/or the generation of new features unique to the 
ensemble. Usually, nanoparticles employed for these assemblies are spherical and lack 
a geometrical preference toward directional self-assembly, thus limiting their potential 
applications. In contrast, controlled self-assembly of non-spherical nanoparticles, such 
as gold nanorods, enables these arrays to form defined 1D, 2D or 3D structures with a 
vectorial dependence of the desired properties. I shall mainly focus in this presentation 
on the growth and shape transformation of gold nanorods, in the presence of different 
types of surfactants and polymers, with discussion of the effects of surface energy and 
crystallographic structure. Additionally, it will be shown how, by playing around with 
surface properties, directional assembly of the same nanoparticles can be successfully 
achieved. 
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Molecularly designed polymer colloids: From giant surfactants to 
multicompartment micelles 

Andre Laschewsky1, andre.laschewsky@iap.fraunhofer.de, Hua Liang3, Jürgen P 
Rabe3, Katja Skrabania2, Frank Stahlhut1, Jan Weiss4, Daniel Zehm1.  (1) Department of 
Chemistry, Universität Potsdam, Potsdam-Golm, Germany 14476, Germany  (2) 
Fraunhofer Institute for Applied Polymer Research IAP, Potsdam-Golm, Germany 
14476, Germany  (3) Department of Physics, Humboldt-Universität zu Berlin, Berlin, 
Germany 12489, Germany  (4) UPR22-CNRS, Institut Charles Sadron, Strasbourg, 
France 67034, France 

The maturing techniques of controlled free radical polymerization allow for the synthesis 
of increasingly complex polymeric amphiphiles. These can self-assemble into a plethora 
of mesoscopic aggregates and colloids depending on their precise structure and 
architecture. We report on the preparation of complex polymer colloids in aqueous 
media made from block copolymers, mostly based on multi-step RAFT polymerizations. 
While ternary linear block copolymers ABC enable the reversible, stepwise aggregation 
and disassembly of such colloids when exhibiting up to three segmental phase 
transitions, ABC polymers with highly incompatible blocks enable the preparation of 
multicompartment micelles capable of site-selective solubilization. Structural complexity 
can be even increased when superposing block and graft copolymerization, leading to 



A(graft-C)-block-B(graft-D) molecular bottle-brush block copolymers. These may 
behave as "giant surfactants" and can form stable latex particles by direct aqueous self-
assembly 

COLL 460 

Hydrophobicity, wetting and new silanes 

Janis G Matisons, jmatisons@gelest.com, Barry Arkles, Youlin Pan.Research and 
Development, Gelest Inc, Morrisville, Pennsylvania 19067, United States 

A problem distinct from the issue of wet adhesion and hydrolytic stability of coatings is 
controlling the interaction of water with a coated surface. Very often the descriptors 
hydrophobic or hydrophilic are applied to coated surfaces. Although the terms 
hydrophobic and hydrophilic are casually used, they are usually not defined. A growing 
number of applications ranging from architectural coatings to aortic stents require a 
precise control and, therefore, precise understanding of substrate interaction with water. 
Silanes are playing an increasing role in controlling the interaction of water with a 
surface. Unlike most additives which have a limited performance range, silanes can 
achieve surface properties ranging from hydrophobic to hydrophilic. Hydrophobic 
interaction can lead to adhesive bonding. At the same time, self-cleaning surfaces are 
often associated with super-hydrophobicity. The structures of new and existing silanes 
suitable for surface modification will be related to effects associated with hydrophobicity 
and hydrophilicity. 
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Preparation, study, and application of fine particles from block copolymers 

Guojun Liu, gliu@chem.queensu.ca.Chemistry, Queen's University, Kingston, Ontario 
K7N 3N6, Canada 

Block copolymers (BCPs) provide excellent platforms for preparing a diverse array of 
intricate and complex nanostructures. BCP nanostructures can be reached through 
various pathways, such as self-assembly, directed assembly, as well as hierarchical 
assembly and coupling strategies. The latter two techniques employ BCP 
nanostructures as building blocks to yield systems of even greater scale and 
complexity. Alternatively, nanostructures can be prepared from individual BCP chains 
rather than from BCP aggregates or films, to yield architectural polymers. These 
systems are not only fascinating and visually striking, but they can also be useful, 
supporting various applications. While first half of this talk will highlight examples of 
BCP nanostructures prepared by Liu and coworkers employing the above techniques, 
the second half will detail the use of block copolymers in the making particles for 
superamphiphobic coating applications. 
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Functional nanoparticles and assemblies: Synthesis, structure and application 

Chuan-Jian Zhong, cjzhong@binghamton.edu, Jun Yin, Elizabeth Crew, Rameshwori 
Loukrakpam, Shiyao Shan, Liqin Lin, Lefu Yang, Jin Luo, Ming Nie.Department of 
Chemistry, State University of New York at Binghamton, Binghamton, NY 13902, United 
States 

Nanoparticles of metals, alloys, or oxides have found increasing applications as 
detection or intervention probes for molecular/biomolecular processes in medical 
diagnostics and drug deliveries, and in green energy conversion and storage devices 
such as fuel cells and rechargeable lithium-air batteries. The exploitation of these 
functional properties requires a fundamental understanding of the precise control of 
size, shape, composition, alloying, surface, and structural/chemical ordering in the 
nanomaterials, but also the molecular recognition, biocompatibility, and transduction 
properties of the nanostructures. This paper presents recent findings of investigations of 
the above structural and functional properties. In addition to describing novel synthesis 
and processing routes, examples will highlight assemblies of nanoparticles on flexible 
sensors for chemical sensing, optical/spectroscopic/magnetic nanoprobes in mediating 
biomolecualr recognition, intervening DNA binding/cutting processes, and controlling 
deliveries of miRNAs or antibacterial agents, and nanocatalysts in catalyzing 
electrochemical energy conversion and storage reactions. 
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Epitaxial deposition of thin platinum shells on gold nanocrystals 

Dan V. Goia1, goiadanv@clarkson.edu, Brendan Farrell3, Marco Lopez2, John Njagi1.  
(1) Chemistry and Biomolecular Science, Clarkson University, Potsdam, NY 13699, 
United States  (2) Umicore AG & Co. KG, Hanau, Germany  (3) Metalor Technologies, 
Attleboro, MA O2703, United States 

A novel method to deposit continuous platinum shells of ~5 atomic layers onto 
preformed gold seeds is reported. The plating process consists in reducing 
hexachloroplatinic acid with ascorbic acid in aqueous medium. A rigorous control of the 
reduction kinetics of Pt(IV) species and core particles with suitable properties are 
necessary to achieve epitaxial deposition of platinum atoms. The compactness and 
uniformity of platinum shell were confirmed by electron microscopy and its continuity by 
electrochemical (CV) evaluations. The mass specific oxygen reduction activity of 
platinum in the AuPt core-shell structures was found to be four times higher than that of 
platinum black and comparable to that of polycrystalline bulk metal. The core/shell AuPt 
nanoparticles prepared represent a viable replacement of pure Pt nanoparticles in 
proton exchange membrane fuel cells (PEMFC) applications. 
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Modeling of solution synthesis of colloids, nanocrystals, and surface 
nanostructures of uniform size and shape 

Vladimir Privman, zzzvp2010@gmail.com.Physics, Clarkson University, Potsdam, NY 
13699, United States 

We review models that explain mechanisms of obtaining of narrow distribution of sizes 
and shapes in the solution synthesis of nanosize crystals, certain surface structures, 
and polycrystalline colloid particles. We consider dynamic selection of geometrical 
features and morphology in processes ranging from nucleation to growth by 
aggregation, for kinetics involving diffusional transport of matter in solution and 
restructuring of the growing particle surfaces, yielding well-defined structures and 
particles. Addiitonal information is available at http://www.clarkson.edu/Privman/240.pdf 
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Tribute to Egon Matijevic: Research in colloid and particle chemistry 

Steven L. Suib, Steven.Suib@uconn.edu.Chemistry, The University of Connecticut, 
Storrs, CT 06269-3060, United States 

The seminal research program of Dr. Egon Matijevic has led to major discoveries in the 
area of colloids, control of particle sizes, and new compositions. While Professor 
Matijevic has done research on many different compositions including metals, metal 
oxides and salts, our primary focus has been in the area of metal oxides. This 
presentation will focus on the preparation of porous mixed valent transition metal oxide 
materials. Some applications in adsorption, catalysis, sensors, and other areas will be 
discussed. References to guiding principles of Dr. Matijevic's research will be used 
throughout the talk. 
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Structure formation of single-stranded DNA nanotubes 

Michael Mertig1, michael.mertig@tu-dresden.de, Anja Henning1, Philipp 
Fuchsenberger1, Ofer I. Wilner2, Itamar Willner2.  (1) Physical Chemistry, Technische 
Universitaet Dresden, Dresden, Germany  (2) Institute of Chemistry, The Hebrew 
University of Jerusalem, Jerusalem, Israel 



The synthesis of tubes is of general interest in nanotechnology. Due to their enhanced 
mechanical properties, nanotubes are well suited as templates for the build-up of 
functional hybrid structures. One of the main challenges in this field is the development 
of reliable, self-assembly based synthesis routes which allow precise control over the 
geometrical parameters of the tubes. 

Here we address the synthesis of nanotubes from DNA strands with an identical 
sequence motif, and discuss possible structure formation mechanisms. In particular, we 
will present results for the recently developed method of templated nanotube formation 
[1], and give new experimental insight into the formation mechanism of the single-
stranded tubes reported by the Chengde Mao group in 2006 [2]. 

[1] O. I. Wilner, R. Orbach, A. Henning, C. Teller, O. Yehezkeli, M. Mertig, D. Harries, I. 
Willner (2011) Self-assembly of DNA nanotubes with controllable diameters. Nature 
Communications 2, 540. 

[2] H.P. Liu, Y. Chen, Y. He, A.E. Ribbe, C.D. Mao (2006) Approaching the limit: Can 
one DNA oligonucleotide assemble into large nanostructures? Angewandte Chemie, 
International Edition 45, 1942-1945. 
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Directed assembly of lipid bilayers onto 3D DNA nanostructures 

Steven D. Perrault1,2, steven.perrault@wyss.harvard.edu, Willam M. Shih1,2.  (1) Wyss 
Institute for Biologically Inspired Engineering, Harvard University, United States  (2) 
Cancer Biology, Dana Farber Cancer Institute, United States 

Molecular engineering using structural DNA nanotechnology is an advanced technique 
for producing nanometer scale architectures and devices. Their geometric versatility 
and capacity to precisely organize ligands (e.g. biomolecules) on the nanometer scale 
makes them ideal candidates for development of advanced drug delivery devices that 
could overcome limitations of conventional nanomaterials. Yet we have found the 
stability of DNA nanostructures to be extremely poor in biological environments such as 
fresh plasma. To overcome this, we aimed to encapsulate them within lipid bilayers, 
mimicking the macrostructure of virus particles, whose lipid membranes provide a 
barrier to the external environment. We have developed a method for directed assembly 
of engineered lipid bilayers onto DNA nanostructures, resulting in tight wrapping of the 
structure and protection from external factors. Our results provide a basis for 
development of novel nano-scale devices that can be used for a variety of medical 
applications, such as improved drug delivery. 

COLL 468 

Patterning Self-assembled Monolayers with DNA Origami 



Haitao Liu, hliu@pitt.edu.Department of Chemistry, University of Pittsburgh, Pittsburgh, 
PA 15260, United States 

Self-assembled monolayers (SAMs) have found important applications in surface 
engineering, sensing and nano fabrication. We show that the presence of DNA origami 
completely inhibits the growth of silane SAM on SiO2. Arbitrary-shaped patterns can be 
incorporated into the silane SAM with ~30 nm resolution. 

COLL 469 

DNA origami binding kinetics on mica and silicon 

Valerie Goss, mlieberm@nd.edu, Marya Lieberman.Department of Chemistry and 
Biochemistry, University of Notre Dame, Notre Dame, IN 46556, United States 

this is only a test  
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Kinetic study of self-assembled thiolated DNA on gold surface with controlled 
single-molecule spacing 

Peng Cheng, pec208@lehigh.edu, Piercen M Oliver, Joshua Gajsiewicz, Christian 
Beren, Erik Carrion, Dmitri Vezenov.Department of Chemistry, Lehigh University, 
Bethlehem, PA 18015, United States 

Self-assembling of single molecules is crucial for single-molecule analytical techniques. 
In particular, spacing of surface DNA molecules is important for many next-generation 
sequencing technologies. Covalent chemistry is the preferred method for immobilizing 
DNA molecules on a substrate. Thiolated DNA on gold is a well-established system for 
achieving covalent DNA-surface binding via self-assembled monolayers. We use single 
molecule fluorescence and atomic force microscope to measure the real-space 
distribution of DNA on the substrates. The rate of adsorption of the DNA obtained from 
fluorescence data is corroborated by ellipsometry measurements. We demonstrated 
that mixed alkanethiol and thiolated DNA self-assembled monolayers on the substrates 
can be used to control the density of immobilized DNA. We used a simple kinetic model 
for competitive adsorption between thiolated DNA and a small molecule thiol to predict 
the optimal conditions. We presented a Monte-Carlo simulation of the kinetic model for 
spacing of single DNA molecules. 
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Comparison of Morpholino-DNA and DNA-DNA surface hybridization 



Wanqiong Qiao1, wqiao01@students.poly.edu, Sergey Kalachikov2, Rastislav 
Levicky1.  (1) Department of Chemical and Biological Engineering, Polytechnic Institute 
of NYU, Brooklyn, NY 11201, United States  (2) Department of Chemical Engineering, 
Columbia University, New York, NY 10027, United States 

Although high ionic strength promotes surface hybridization to DNA microarrays by 
suppressing electrostatic interactions, it also leads to significant cross-hybridization with 
sequences that are less than fully complementary. An alternate approach to decreasing 
unwanted electrostatic interactions is to use uncharged nucleic acid analogues, such as 
morpholinos (MOs), as the immobilized probes. Under low ionic strengths, the neutral 
backbone of MOs provides higher affinity binding to complementary DNA when 
compared to DNA-DNA hybridization. This feature helps select out MO-DNA surface 
hybridization while destabilizing solution DNA-DNA interactions and secondary structure 
in the analyte. This presentation will describe fabrication and hybridization applications 
of MO microarrays. To objectively evaluate morpholino microarrays, comparative 
studies were also performed using MO and DNA probes side-by-side on the same 
array, with hybridization followed in real-time using total internal reflection fluorescence 
imaging. Based on surface hybridization as well as solution melting results, selectivity of 
MO-DNA hybridization over DNA-DNA hybridization is enhanced as ionic strength 
decreases. However, at the surface, optimal conditions require a compromise between 
destabilization of sample secondary structure while retaining sufficient ionic strength to 
moderate buildup of an electrostatic barrier from bound analyte strands. 
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Coarse-grained modeling of DNA and DNA nanotechnology 

Thomas E. Ouldridge1, t.ouldridge1@physics.ox.ac.uk, Petr Sulc1, Flavio Romano2, 
Adriaan A. Louis1, Jonathan P. K. Doye2.  (1) Rudolf Peierls Centre for Theoretical 
Physics, University of Oxford, Oxford, Oxon OX1 3NP, United Kingdom  (2) Physical 
and Theoretical Chemistry, Oxford University, Oxford, Oxon OX1 3QZ, United Kingdom 

We introduce a coarse-grained model of DNA that captures the thermodynamic and 
mechanical changes associated with duplex formation. Despite this, the model's 
representation of DNA as a chain of rigid nucleotides is simple enough to allow access 
to large length- and time-scales in simulations. As a consequence, the model is 
appropriate for investigating the kinetic and thermodynamic factors that underpin the 
burgeoning field of DNA nanotechnology. 

We first outline the model and its parameterization, before demonstrating its applicability 
in understanding the behavior of self-assembling DNA. In particular, we show that the 
model gives a remarkably accurate representation of toehold-mediated strand-
displacement, thereby explaining the dependence of displacement rate on toehold 
length. We will also consider the model's predictions for the operation of DNA 'walkers', 
discuss non-trivial mechanisms for DNA duplex formation and highlight the role of 
sequence-dependent interaction strengths in a number of processes. 
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Thermodynamics and kinetics of self-assembling DNA nanostructures 

Jeanette Nangreave, jeanette.nangreave@asu.edu, Andre Vidal Pinheiro, Xixi Wei, 
Shuoxing Jiang, Hao Yan, Yan Liu.Department of Single Molecule Biophysics, The 
Biodesign Institute at Arizona State University, Tempe, Arizona 85287, United States 

Our work focuses on studying the dynamic behavior of DNA nanostructure recognition 
processes. First, multi-helical DNA nanostructures were used to investigate how the 
valency and arrangement of the connections between DNA nanostructures affect super-
structure formation. The study revealed that both the number and the relative position of 
connections play a significant role in the stability of the final assembly. Next, several 
DNA nanostructures were designed to gain insight into how small changes to the 
nanostructure scaffolds, intended to vary their conformational flexibility, would affect 
their association equilibrium. This approach yielded quantitative information about the 
roles of enthalpy and entropy in the affinity of polyvalent DNA nanostructure 
interactions, which exhibit an intriguing compensating effect. Finally, a multi-helical DNA 
nanostructure was used as a model 'chip' for the detection of a single stranded DNA 
target. The results revealed that the rate constant of hybridization is strongly dominated 
by a rate-limiting nucleation step. 
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Kinetics of Quantum Dot-DNA Origami Binding: A Single Particle, 3D Real-Time 
Tracking Study 

Kan Du1,2, Seung Hyeon (Sarah) Ko1,2, james.liddle@nist.gov, Gregg M. Gallatin1, 
Heayoung Yoon1,2, J. Alexander Liddle1, Andrew Berglund1.  (1) Center for Nanoscale 
Science & Technology, National Institute of Standards & Technology, Gaithersburg, MD 
20899, United States  (2) Institute for Research in Electronics and Applied Physics, 
University of Maryland, College Park, MD 20742, United States 

DNA origami has been actively used as a template to organize a variety of materials 
with molecular precision for the last few years. Small assemblages of inorganic 
nanoparticles arranged in this way are of great interest because of potential applications 
in sensors, drug delivery systems and optical devices. In order to assemble such 
nanostructures with high yields, it is important to understand the kinetics of the dynamic 
binding process using real-time monitoring. Here we present in situ study of the kinetics 
of quantum dot (Qdot) binding to DNA origami in solution using a three-dimensional, 
real-time tracking system that enables us to observe individual Qdots and DNA origami. 
We have studied the binding process of Qdots to DNA origami which is engineered with 
1, 2 or 3 binding sites. The tracking system enables us to make precise measurements 
of diffusion coefficient (D) allowing us to distinguish free Qdots, 1Qdot-DNA origami, 
2Qdot-DNA origami, and 3Qdot-DNA origami. The fluorescence signals of tracked 
Qdots and DNA origami are collected by single photon detectors with 4 picosecond 



resolution, which provides a rich secondary data channel that allows us, in this case, to 
measure the second-order photon correlation function g2(τ), which is used to identify 
single-photon sources. These measurements provide an additional means of 
quantifying the number of bound species. Measurements of individual particles enable 
us to understand the constituent components of ensemble measurements. 
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From self-assembly to self-organization: Programming reaction-diffusion kinetics 
of DNA circuits for macroscale pattern formation and transformation 

Steven Chirieleison2, Peter B Allen1, Andrew D Ellington1, Xi Chen1, 
xichen@mail.utexas.edu.  (1) Center for Systems and Synthetic Biology, University of 
Texas at Austin, Austin, TX 78712, United States  (2) Department of Biomedical 
Engineering, University of Texas at Austin, Austin, TX 78712, United States 

Beyond self-assembly, bottom-up self-construction may occur at a much larger scale, 
for example in developmental biology. In these cases, the outcome of the self-
construction is often determined by the reaction-diffusion kinetics rather than the 
geometry of building blocks, as in self-assembly. We herein present our efforts at 
programming reaction-diffusion kinetics of DNA circuits for pattern formation and 
transformation. We first established a strategy to systematically program the diffusivity 
of a DNA molecule. We then engineered purely DNA-based 'photography' and edge 
detection (a computation that locates the edge of a binary spatial pattern) circuits. 
Moreover, by finely programming diffusivity we were able to make a complex edge 
splitter. Finally, we show that our circuits are truly modular, with 16 different output 
patterns simply generated from the same input pattern. These results have wide 
implications in synthetic biology, tissue engineering, and materials science.  

 
 
 
 

 
 

COLL 476 

Characterizing how bound antimicrobial peptides kill bacteria 

Terri A Camesano, terric@wpi.edu, Ivan E Ivanov, Alec E Morrison, Jesse E Cobb, 
Todd Alexander, Catherine Fahey.Chemical Engineering, Worcester Polytechnic 
Institute, Worcester, MA 01609, United States 

Antimicrobial peptides (AMPs) are naturally occurring molecules able to kill a wide 
variety of bacteria and fungi, and have potential to be used on surfaces to kill microbes 



on contact. The mechanism by which many AMPs kill bacteria is to create pores in 
bacterial cell membranes, leading to cell lysis. However, the mechanism by which 
surface-bound AMPs kill bacteria is less clear, because the method of AMP attachment 
to a surface affects its freedom and ability to interact with a cell membrane. In this 
study, we designed several methods to attach the AMP chrysophsin to a surface, 
including using PEG as a flexible linker molecule. The mechanism of peptide entry into 
a model cell membrane was characterized based on experiments with quartz crystal 
microbalance with dissipation (QCM-D). Using QCM-D, we can monitor the mass 
additions due to peptide insertion into the membrane, and we can also detect mass 
losses as the membrane starts to lyse. QCM-D results of peptide/membrane interaction 
are correlated with the percentage of bacteria that are killed on the surfaces, the latter 
being quantified via bacterial cell staining and epifluorescence microscopy. These 
results show a relationship between the method used for AMP binding and the peptide's 
ability to kill bacteria. 

COLL 477 

Immobilized antimicrobial peptides: From interfacial structure to emerging 
applications 

Joshua R. Uzarski1,2, juzarski@umassd.edu, Charlene M. Mello1,2.  (1) Biosciences, 
US Army Natick Soldier Research, Development, and Engineering Center, Natick, MA 
01760, United States  (2) Chemistry and Biochemistry, University of Massachusetts 
Dartmouth, North Dartmouth, MA 02747, United States 

Antimicrobial peptides (AMPs) have undergone intense investigation in the last decade 
or more for their extensive amenability in a vast array of bio-based applications. Both 
native molecules and their synthetic analogues are often touted for their potential to 
circumvent the caveats encountered with antibody-based detection technologies. This 
talk will focus on the importance of the molecular scale surface structure of AMPs, 
including substrate composition, peptide immobilization orientation, linker length and 
chemistry on binding of lipopolysaccharide (LPS) molecules isolated from different 
bacteria species. In addition, the role of peptide biophysical properties (e.g. charge and 
hydrophobicity) as a function of distance from the surface will be discussed. Finally, 
discrimination of LPS molecules extracted from the same bacterial species grown under 
different conditions will be demonstrated. This application is of pertinent interest to the 
food safety and microbial forensics community and is a precursor to discriminatory 
whole cell binding and classification. 

COLL 478 

Molecular understanding, design and development of ultra low fouling 
zwitterionic-based functional materials 

Shaoyi Jiang, sjiang@u.washington.edu.Department of Chemical Engineering, 
University of Washington, Seattle, WA 98195, United States 



An important challenge in many applications is the prevention of nonspecific 
biomolecular and microorganism attachment on surfaces. To address this challenge, 
our goals are twofold. First, we strive to provide a fundamental understanding of 
nonfouling mechanisms at the molecular level using an integrated experimental and 
simulation approach. Second, we aim to develop biocompatible and environmentally 
benign ultra low fouling materials based on the molecular principles we have learned. 
Over the last few years, we have demonstrated that zwitterionic and mixed charge 
materials and surfaces are highly resistant to nonspecific protein adsorption, even from 
complex media such as undiluted blood plasma and serum. Both simulation and 
experimental results show that the strong hydration of zwitterionic materials is 
responsible for their excellent nonfouling properties. In addition to their excellent 
nonfouling properties, zwitterionic carboxybetaine-based materials have functional 
groups for direct ligand immobilization while the cationic precursors of zwitterionic 
materials have self-sterilizing capabilities. New developments in this area will be 
updated. 

COLL 479 

Biomimetic surfaces for manipulating proteins, bacteria, and cells 

Maria Santore, santore@mail.pse.umass.edu.Department of Polymer Science and 
Engineering, University of Massachusetts, Amherst, MA1 01003, United States 

When cells communicate or adhere to one another, their sophisticated signaling and 
selective recognition functions are directed by specialized molecules immersed, at least 
partly, in the cell's glycocalyx. Besides the short-range interactions directly between the 
adhesion or signaling proteins and their targets, neighboring proteins and the glycocalyx 
itself contribute non-specific attractions and repulsions which can determine whether 
key receptors can come within range. Cutting edge biomimetic surfaces mimic this 
cellular interface through the incorporation of polymer brushes that prevent touching of 
approaching surfaces and avoid fouling, while the adhesion and signaling molecules of 
interest are placed on tethers forward of this brush to increase their accessibility. We 
have, however, had success in implementing the opposite strategy: by embedding key 
functionality at different depths within a polymer brush we have been able to control 
binding energies and kinetics and, in some cases, translate the competition between 
steric repulsions and localized attractions to selectivity through a pattern-recognition 
type mechanism. The latter acts on longer length scales than the short range 
recognition of biomolecular fragments, but can be quite selective all the same. This talk 
will demonstrate how adhesion elements, non-specific in their own binding character, 
become tightly targeting of proteins and cells when embedded in an appropriate 
polymer brush. The talk will demonstrate the use of embedded sticky groups for protein 
separation and the use of flow to tune the valency of bacterial capture on brushy 
surfaces containing embedded nanoparticles. The talk will address the contact area 
between bacteria and nanoparticle-containing surfaces and the antimicrobial and self-
cleaning character of surfaces with embedded functionality. The physical mechanisms 
presented here likely contribute to advanced biological functionality, for instance by 



discriminating different presentations and surface concentrations of the same 
biomolecules on different cells. 

COLL 480 

Using virus based scaffolds to modulate the cellular response 

Qian Wang, wang@mail.chem.sc.edu.Department of Chemistry and Biochemistry, 
University of South Carolina, Columbia, SC 29208, United States 

Cell is the simplest structural and functional unit, within which lies an intricate network of 
organelles that sustain cell growth. Cell survival and fate highly depends on 
orchestrated functioning of various cellular components. Inspired by the complexity of 
the natural extracellular matrices and their role in guiding cell behaviors, we use virus as 
building blocks to design a basic, controllable scaffolding system that can mimic the role 
of the extracellular matrix. We try to interpret the complexity of cell response from a 
unique angle – building artificial matrices by programming the chemistry, structure and 
mechanic properties combinatorially. As a result, we have demonstrated such an event 
of cellular fate commitment is not only governed by culture media conditions but the 
nature of the scaffold on which the cells are grown plays a significant role. 

COLL 481 

Biomimetic formation of metal oxides to impart multifunctionality 

Shaun Filocamo1, shaun.filocamo@us.army.mil, Robert Stote1, Ganesan Narsimhan2, 
Xiaoyu Wu2.  (1) Biological Sciences and Technology Team, US Army Natick Soldier 
Research, Development and Engineering Center, Natick, MA 01760, United States  (2) 
Agricultural and Biological Engineering, Purdue University, West Lafayette, IN 47907, 
United States 

Metal oxides, such as titanium oxide (titania), have application in decontamination, 
electronics, and energy conversion. Industrial procedures require harsh reaction 
conditions and/or high energy expenditures to form metal oxides. Using inspiration from 
natural processes, we have developed a biomimetic approach to precipitate titania 
under aqueous conditions and neutral pH. Notably, precipitates from a titania precursor 
using the biologically inspired silaffin peptide formed a unique morphology, which was 
primarily directed by serine and lysine residues. To explore the role of these residues in 
the precipitation mechanism, a family of new peptides was designed. The effect of 
primary structure and reaction conditions on titania morphology will be discussed. This 
novel approach to metal oxide precipitation can address the problem of Soldier 
overburden, through incorporation onto fabrics. The amount of weight a Soldier carries 
(e.g. extra clothing, food, portable shelter, batteries) can have a dramatic impact on a 
Soldier's capabilities on the battlefield. 

COLL 482 



Vibrational spectroscopy as a probe of surface adsorption and surface chemistry 
at environmentally relevant micro- and nano-particle interfaces 

Vicki H Grassian, vicki-grassian@uiowa.edu.Department of Chemistry, University of 
Iowa, Iowa City, IA 52242, United States 

In this talk, several very different examples will be given that demonstrate the power 
and application of vibrational spectroscopy to investigate the surface chemistry at micro 
and nanoparticle surfaces of environmental relevance. In the first example, the 
application of Raman micro-spectroscopy to probe the surface chemistry of individual 
nascent sea spray particles with gas-phase reactive nitrogen species is discussed. Sea 
spray aerosol, produced in a unique wave-breaking environment that realistically 
reproduces sea spray aerosol, consists of inorganic and organic species that are 
internally mixed and have a composition that is a function of size. It is shown here that 
Raman micro-spectroscopy can be used to better understand the chemical composition 
of individual nascent and nitrogen oxide reacted sea spray aerosol. In particular, we 
have observed the formation of interesting surface phenomena and surface products 
that form in the reaction with this technique that had not been previously observed. The 
second example demonstrates the application of ATR-FTIR spectroscopy to investigate 
reactions on the surface of goethite, a common rod-shaped iron oxyhydroxide mineral, 
found in the environment. In particular, examples that demonstrate how this technique 
can be used to investigate the surface chemistry of goethite in both gas phase and 
solution phase environments with acidic gases that lead to dissolution are shown. Some 
interesting size dependent behavior between nanorods and microrods of goethite is 
found and discussed. The last example demonstrate the application of ATR-FTIR 
spectroscopy to studies of the surface chemistry of engineered metal and metal oxide 
nanoparticles in solution with common organic acids found in the environment, such as 
oxalic and citric acid, using ATR-FTIR spectroscopy. Because both of these organic 
ligands can have a profound affect on the physicochemical properties (e.g. dissolution 
and aggregation), and thus the behavior of these materials in the environment, 
understanding their surface adsorption through vibrational spectroscopy is key to 
understanding the fate, transport and bioavailability of these engineered nanomaterials 
in the environment. 

COLL 483 

Heterogeneous chemistry of phenols and methoxyphenols adsorbed on 
tropospheric aerosol substrates 

Ryan Z Hinrichs, rhinrich@drew.edu.Department of Chemistry, Drew University, 
Madison, New Jersey 07940, United States 

Phenols and methoxyphenols represent common functional groups found in semivolatile 
organics released into the troposphere via biomass combustion, where they may readily 
adsorb onto aerosol surfaces. We use infrared spectroscopy (DRIFTS, transmission, 
and ATR-FTIR) to monitor the adsorption and subsequent ozonolysis of model organics 



– e.g., phenol, catechol, and eugenol – on sea salt and mineral aerosol substrates. 
Adsorption of gaseous organics on sodium halides is controlled by hydrogen bonding 
interactions and is readily reversible, especially at higher relative humidities, for all 
compounds studied except catechol. In comparison, dissociative adsorption of phenolic 
functional groups on Al2O3 produced surface bound phenolates even under humid 
conditions. Heterogeneous ozonolysis ([O3] = 400-900 ppb) of surface adsorbed 
aromatics resulted in ring cleavage forming carboxylic acids (e.g., catechol → muconic 
acid). Reaction kinetics are measured as a function of substrate, ozone concentration, 
and relative humidity to assess the atmospheric impact of this chemistry. 

COLL 484 

Water adsorption on model atmospheric clay minerals as a function of relative 
humidity: Application of experimental results to Adsorption Activation Theory 

Courtney D Hatch, hatch@hendrix.edu, Annie Greenaway, Kenneth Harris, Matthew 
Christie.Department of Chemistry, Hendrix College, Conway, Arkansas 72032, United 
States 

The indirect aerosol effect on climate includes radiative effects from aerosol particles 
that take up water and form cloud droplets or alter the radiative properties and lifetimes 
of clouds. This effect is one of the largest uncertainties in understanding climate 
change. Natural aerosols, including mineral dust, have received little attention with 
respect to their contribution to indirect forcing largely due to the difficulties arising from 
laboratory measurements. Recently, a number of studies have revealed the importance 
of adsorbed water on the surface of minerals for predicting their CCN activity. We will 
report laboratory water adsorption measurements on the three most abundant clay 
minerals found in the atmosphere using an ATR-FTIR equipped with a flow cell. 
Adsorption isotherm models are applied to the experimental results and resulting 
adsorption parameters have been used in Adsorption Activation Theory (AAT) in an 
effort to predict CCN activation of mineral dust aerosol in the atmosphere. 

COLL 485 

Environmental Photocatalysis Using Ligand-Metal Complexes Grafted on 
Nanostructured Surfaces 

He He, Tong Jin, Kaitlyn D’Orazio, Gonghu Li, gonghu.li@unh.edu.Department of 
Chemistry, University of New Hampshire, Durham, NH 03824, United States 

Heterogeneous photocatalysis has shown great promise in both energy and 
environmental applications. Our recent research investigates ligand-metal complexes 
grated on solid-state surfaces for use in environmental photocatalysis. In our study, 
light-absorbing polypyridyl compounds of earth-abundant metals, particularly Fe(II), are 
grafted on surfaces of titania nanoparticles and mesoporous silica via covalent linkages. 
The hybrid photocatalysts are characterized with a variety of techniques, including FTIR 



and UV-visible spectroscopies. Photocatalytic properties of the grafted ligand-metal 
complexes are then evaluated in the Fenton process. 

COLL 486 

Nitrate anion chemistry at atmospheric interfaces 

James Donaldson, jdonalds@chem.utoronto.ca.Department of Chemistry, University 
of Toronto, Toronto, ON M5S 3H6, Canada 

Atmospherically important nitrogen oxides are removed from the troposphere primarily 
via wet or dry deposition of nitric acid and ammonium nitrate. As well, nitrate and other 
anions present in water may be present near the air interface, and may be excluded to 
the surface of the solution during freezing. Nitrate at or near atmospheric interfaces may 
undergo photochemical transformation to NO2 and HONO, both of which could be 
released to the gas phase. As well, in the presence of water OH radical may be formed, 
which is expected to react quickly with any organic compounds also present at the 
interface 

We have studied nitrate anion partitioning and exclusion to liquid and frozen water 
surfaces using glancing angle Raman scattering spectroscopy and have followed its 
photochemical effects on “urban grime” organic films using attenuated-total internal 
reflection FTIR. In the absence of other salts, nitrate is only weakly present at liquid or 
solid aqueous-air interfaces, implying that its photochemistry should be well described 
by that in the bulk phase. In simulated “urban grime”, we observe strong evidence for 
both recycling to the gas phase and photochemical OH formation in illuminated 
samples. I will discuss the methods and highlight some recent results on these 
important atmospheric systems. 

COLL 487 

Organization at the surface of atmospheric aerosols and the ocean of ions, water, 
and organic molecules revealed by vibrational sum frequency spectroscopy and 
Brewster angle microscopy 

Heather C Allen, allen@chemistry.ohio-state.edu.Department of Chemistry, The Ohio 
State University, Columbus, OH 43210, United States 

Water is the matrix of life. The properties of water influence the organization of all 
molecules that are contained and bordered by it. The boundary region between the 
ocean surface and the Earth's atmosphere, although affected by the underlying matrix, 
is a vastly different and highly unique region. Many think of the marine-air interface as a 
different phase of matter – not liquid and not air, but an interfacial phase. The ocean is 
rich in compounds other than water, and its surface is further enriched with these same 
compounds. Additionally, the ocean surface is an effective sink (and source) for 
atmospheric and environmental pollutants. This has been known and studied for many 



years. However, the detailed organization of the ions, water, and constituents of the 
microlayer has not been studied extensively. Marine derived aerosol mirrors the ocean 
surface from which they were made. With the advent of new spectroscopic and imaging 
technologies, organization is revealed, and in some cases, well accepted theories have 
been contested. Here, ion distributions of chloride and sulfate salts reveal surface 
potential changes and therefore distinctly opposite electric field direction within the air-
aqueous interface. Size, polarizability, and charge of the ions have consequences for 
surface segregation and surface depletion. Larger halogen anions reveal extreme 
surface activity, while more highly charged polarizable species such as the sulfate 
anion, prefer to be buried many water layers below the marine-air boundary. Lipid 
organization and small molecule competition for the surface is revealed. Organization of 
water molecules, ions, lipids, fatty acids, and halogen- and hydro-carbons has been and 
continues to be the focus of our research. Lipids and fatty acids have the unique ability 
to order preferentially in the boundary region; but moreover, their solvated polar 
headgroups attract and bind to salt cations in unique and highly stable ways. In the 
midst of this jockeying for position, dangling OH bonds from surface water molecules 
that are partly hydrogen bonded with the underlying water matrix continue to persist 
alongside of hydrocarbon chains. 

COLL 488 

Metal ion adsorption and speciation at oxide/water interfaces studied by resonant 
and nonresonant second harmonic generation 

Franz Geiger, geigerf@chem.northwestern.edu.Chemistry, Northwestern University, 
Evanston, IL 60208, United States 

The application of nonlinear optics to study the interaction of metal cations with various 
mineral/water interfaces in situ and in real time is discussed. 

COLL 489 

Development of a Au nanoparticles template for PET in vivo imaging: 18F labeled 
3nm water-soluble AuNP cross the Blood Brain Barrier 

Jun Zhu1,2,3, jun.zhu@mail.mcgill.ca, R. Bruce Lennox3, Ralf Schirrmacher1,2.  (1) 
Montreal Neurological Institute & Hospital, McGill University, Montreal, QC H3A 2B4, 
Canada  (2) Lady Davis Institute for Medical Research, Jewish General Hospital, McGill 
University, Montreal, QC H3T 1E2, Canada  (3) Department of Chemistry and Centre 
for Self-Assembled Chemical Structures, McGill University, Montreal, QC H3A 2K6, 
Canada 

Gold nanoparticles (AuNPs) are among the best candidates for nanomedicines due to 
their low toxicity, high stability, and ease of modification. An efficient methodology was 
introduced to prepare maleimide-tethered, water soluble 3nm AuNP. This AuNP core is 
surrounded by 30 maleimide-terminated ligands and 60 thiolated PEG. This template 



AuNP exhibits low cytotoxicity (IC50> 0.5mM). Due to the high sensitivity of PET 
imaging, for each of the maleimide-AuNP, it was necessary to derivatize only 3 
maleimide ligands with 18F-SIFA-SH via a Michael addition reaction (radiochemical yield 
>65%). PET scans of infused rats with these small 18F-AuNPs demonstrated that these 
AuNPs are capable of crossing the blood brain barrier and accumulate 50% higher than 
in the background bone and muscle, thus makes it promising for PET brain image. The 
multiple maleimide sites on the AuNP also offers an opportunity to improve specific 
binding properties and for application in drug delivery. 

COLL 490 

Preclinical assessment of a zwitterionic tantalum oxide nanoparticle x-ray 
contrast agent 

Peter J Bonitatibus Jr, bonitati@ge.com, Andrew S Torres, Binil Kandapallil, Brian D 
Lee, Greg D Goddard, Robert E Colborn, Michael E Marino.Chemical Nanotechnology 
Laboratory, GE Global Research, Niskayuna, NY 12309, United States 

Tantalum oxide nanoparticles show great potential as the next generation of x-ray 
contrast media. Recently, we reported advances in tantalum oxide nanoparticles and 
identified improvements that were required for such particles to progress further.1 
Namely, the viscosity of concentrated particles, the amount of retention in 
reticuloendothelial (RES) tissues, and the effect of large quantities of particles on the 
kidneys after administration were all identified as critical factors which needed further 
study, understanding, and development. Here, we report on a zwitterionic siloxane 
polymer nanoparticle coating that reduced the viscosity of concentrated solutions of 
particles by a factor of five, decreased tissue retention of injected particles by a factor of 
ten, and, importantly, did not induce pathological responses in the kidneys. 

1Bonitatibus, P., et al. Chem. Commun. 2010 , 46, 8956. 

COLL 491 

Color-tunable photoluminescent and water-soluble fullerene nanoparticle for 
bioimaging 

Jinyoung Jeong, jyjeong@kribb.re.kr, Ju Yeon Jung, Mijin Choi, Ju Whan Kim, Sang 
Jeon Chung, Su Jin Lim, Han Lee, Bong Hyun Chung.BioNanotechnology Research 
Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon, Republic 
of Korea 

In this study, water-soluble and color-tunable fullerene nanoparticles were prepared by 
conjugating tetraethylene glycol (TEG) using lithium hydroxide as a catalyst. The 
fullerene nanoparticles (C60-TEGs) were about 10 nm in diameter, determined by SEM 
and showed highly water-soluble (~20 mg/mL) compared to other water-soluble 
fullerene derivatives. More interestingly, the C60-TEGs exhibited relatively strong 



photoluminescence by excitation at 350 nm, and their color was varied from 503 nm to 
555 nm depending on the C60 concentration in a reaction solution. Although 
fluorescence quantum yields were below 1 %, the values were almost two orders higher 
than that of pristine fullerene. In addition, it appeared that C60-TEG was highly 
biocompatible upto 1 mg/mL in live cells after 24 hours incubation. These characteristics 
such as color tunability and biocompatibility opened the possibility as bioimaging 
agents, as revealing the fluorescence cellular imaging of three different colored C60-
TEGs uptake HeLa cells. 

COLL 492 

Gold nanoparticles-SERS for paper biodiagnostics applications 

Ying Hui Ngo1, ying.ngo@monash.edu, Dan Li2, George P Simon2, Gil Garnier1.  (1) 
Department of Chemical Engineering, Australian Pulp and Paper Institute, Monash 
University, Clayton, Victoria 3800, Australia  (2) Department of Material Engineering, 
Monash University, Clayton, Victoria 3800, Australia 

Paper is emerging as an ideal material for low cost biosensor platforms. In this work, the 
surface and morphology of paper are engineered to amplify the Surface Enhanced 
Raman Scattering (SERS) signal. The attachment of gold nanoparticles (AuNPs) to 
paper substrates represents a promising new method to produce low cost, rapidly-
produced, flexible and sustainable sensors for health and environmental applications. 
Whilst the ability to absorb AuNPs on paper has previously been demonstrated, there 
have been few reports relating to the effect of paper morphology and post-treatments on 
the adsorption state of the nanoparticles to achieve the desired structures and property 
enhancements. The main goal of this work is to manipulate the aggregation state of 
colloid such as AuNPs by engineering the surface charge of paper using cationic 
polymers of different concentration and charge density. The relative aggregations of 
AuNPs have a drastic effect on SERS signal amplification, contributing to their potential 
applications as efficient biodiagnostic sensors. 

Keywords: Gold nanoparticles, cationic polymers, paper substrate, SERS. 

COLL 493 

“Dressing” of nanoparticles for effective interaction with the living cells 

Anna Musyanovych1, musyanovych@mpip-mainz.mpg.de, Volker Mailänder2, 
Katharina Landfester1.  (1) Max Planck Institute for Polymer Research, Mainz, 
Germany  (2) Internal Medicine III, Johannes-Gutenberg-University Clinic, Mainz, 
Germany 

The interest of using polymeric nanoparticles as carriers for drugs and genes is steadily 
growing up. Changes in the structural and functional properties of particles (e.g., 
chemical composition, surface charge, etc.) can significantly affect their interaction with 



the blood proteins. The proteins rapidly associate with nanoparticles, resulting in a 
protein “corona”, which will influence the cell uptake, biodistribution and delivery to the 
target sites. 

The adsorption of serum proteins was studied on the polystyrene-based nanoparticles 
possessing different surface charge (negative or positive) and functionality (e.g. 
carboxyl, amine, etc.). The adsorption of serum proteins was followed by the 
electrokinetic measurements, colorimetric assay and mass spectrometry. The obtained 
results were compared with the cell uptake data. It was found that the total surface 
charge affects the amount of adsorbed protein, however, the increase in cellular uptake 
was observed only with the particles having a certain density of covalently bonded 
surface functional groups. 

COLL 494 

Gold nanoparticle self-assembly with cucurbit[n]urils in microfluidic droplets 

Roger J Coulston, rc517@cam.ac.uk, Jing Zhang, Richard Taylor, Jeremy Baumberg, 
Chris Abell, Oren A Scherman.Department of Chemistry, University of Cambridge, 
Cambridge, Cambridgeshire CB12BH, United Kingdom 

We are investigating the use of host-guest complexes and self-assembly in microfluidic 
droplets to generate controlled polymer architectures and inorganic nanoparticle 
assemblies. Within the microdroplets it is possible to build porous microcapsules with 
quantitative loading efficiencies, customizable functionalities, and on-demand 
encapsulant release (Figure 1 A-D).1 The shell materials comprise a gold nanoparticle-
copolymer composite that is held together by cucurbit[8]uril host-guest complexes. We 
have also made progress into assembling gold nanoparticle aggregates using 
cucurbit[n]urils in bulk solution as molecular-recognition-based SERS assays.2 When 
these nanoparticle assemblies are examined in the microfluidic droplet environment it is 
possible to study the real-time assembly and achieve high plasmonic enhancements. 

 

 
 

COLL 495 

Nanomaterials genotoxicity in Drosophila melanogaster 

Giuseppe Vecchio1, giuseppe.vecchio@iit.it, Antonio Galeone1, Virgilio Brunetti1, 
Gabriele Maiorano1, Loris Rizzello1, Maria Ada Malvindi1, Stefania Sabella1, Roberto 
Cingolani2, Pier Paolo Pompa1.  (1) Center for Biomolecular Nanotechnologies, 
Fondazione Istituto Italiano di Tecnologia, Arnesano, Lecce 73010, Italy  (2) Central 
Research Laboratories, Fondazione Istituto Italiano di Tecnologia, Genova, GE 16136, 
Italy 



The rapid increase of the presence of nanotechology-based products in a wide number 
of commercial goods requires a rapid assessment of possible toxic effects upon 
interaction of nanomaterials (NMs) with living systems. In this context, we investigate 
the in vivo genotoxicity of AuNPs and QDs with different sizes, surface coatings, and 
nanostructuration, upon ingestion by Drosophila melanogaster. In particular, we 
evaluated the presence of DNA damage in Drosophila tissues, such as midgut and/or 
hemolymph. Our results showed that DNA fragmentation depends on different physical 
parameter of nanomaterials. However, the most striking result was the demonstration 
that the long-term exposure to AuNPs may result in the presence of significant 
phenotypic aberrations in the progeny of treated organisms. These results open new 
questions about the indiscriminate use of nanomaterials, thus highlighting that the 
investigation of different toxic aspects are crucial in order to realize safer NMs. 

COLL 496 

Plant virus composed hydrogel for 3D osteogenesis applications 

Jittima Amie Luckanagul1, luckanag@email.sc.edu, Lim Andrew Lee1, Tarek Shazly2, 
Quyen Nguyen1, Pongkwan Sitasuwan1, Xiaoming Yang3, Qian Wang1.  (1) Department 
of Chemistry and Biochemistry, University of South Carolina, Columbia, SC 29208, 
United States  (2) Department of Mechanical Engineering and Biomedical Engineering 
Program, University of South Carolina, Columbia, SC 29208, United States  (3) Medical 
Chronobiology Laboratory and Center for Colon Cancer Research, WJB Dorn VA 
Medical Center, University of South Carolina, Columbia, SC 29209, United States 

While the coarse architecture construction of a cell supporting matrix is crucial for 
making off-the-shelf replacement tissue, a scaffold is also in need of chemical 
functionality fine-tuning to mimic the biological niche of a functional tissue. We present 
here, by simply mixing a biopolymer with rod-like tobacco mosaic virus (TMV), that a 
highly porous hydrogel with biologically relevant functionality can be made. The 
implication of this process resides with the three important features of TMV: good 
genetic/chemical modularity, multivalency (a single protein repeated as 2130 copies), 
and structurally defined coat protein arrangement. Cell attachment, viability, and 
differentiation of bone marrow stromal cells were assessed in composite hydrogels. The 
virus modification significantly improved cell attachment and afforded higher level of 
calcium deposition in comparison to the unmodified alginate hydrogels. Preliminary in 
vivo studies for scaffold biocompatibility showed insignificant immune response with 
very low antibody production against virus-modified hydrogel implants in mouse model. 
These findings demonstrate that the virus-based 3D scaffold can be a promising 
material for tissue engineering applications. 

COLL 497 

Tumor Necrosis Factor Interaction with Gold Nanoparticles 



De-Hao Tsai1, dhtsai@nist.gov, Sherrie Elzey1, Frank W DelRio1, Athena M Keene2, 
Katherine M Tyner2, Jeffrey D Clogston3, Robert I MacCuspie1, Suvajyoti Guha1,4, 
Michael R Zachariah1,4, Vincent A Hackley1.  (1) Material Measurement Laboratory, 
National Institute of Standards and Technology, Gaithersburg, MD 20899, United 
States  (2) Center for Drug Evaluation and Research, Food and Drug Administration, 
Silver Spring, MD 20993, United States  (3) Nanotechnology Characterization 
Laboratory, SAIC-Frederick Inc., NCI-Frederick, Frederick, MD 21702, United States  
(4) Departments of Mechanical Engineering and Chemistry, University of Maryland, 
College Park, MD 20742, United States 

We report on a systematic investigation of molecular conjugation of tumor necrosis 
factor protein-α (TNF) onto gold nanoparticles (AuNPs) and the subsequent binding 
behavior to its antibody (anti-TNF), by employing a combination of physical and 
spectroscopic characterization methods. Dodecyl sulfate ions induce desorption of 
monomeric TNF from the AuNP surface, indicating a relatively weak intermolecular 
binding within the AuNP-bound TNF trimers. Anti-TNF binds to both TNF-conjugated 
and citrate-stabilized AuNPs, showing that non-specific binding is significant. The 
inclusion of thiolated polyethylene glycol (SH-PEG) on the AuNPs inhibits the binding of 
anti-TNF, and the amount of inhibition is related to the number ratio of surface bound 
SH-PEG to TNF and the way in which the ligands are introduced. This study highlights 
the challenges in quantitatively characterizing complex hybrid nanoscale conjugates, 
and provides insight on TNF-AuNP formation and activity. 

COLL 498 

Fluorinated gold nanoparticle immunolabels for imaging specific proteins in 
parallel with lipids in cell membranes using high-resolution secondary ion mass 
spectrometry 

Mary L. Kraft1,2, mlkraft@illinois.edu, Robert L. Wilson2, Jessica F. Frisz2, Kevin J. 
Carpenter3, Peter K. Weber3.  (1) Department of Chemical & Biomolecular Engineering, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801, United States  (2) 
Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 61801, 
United States  (3) Glenn T. Seaborg Institute, Lawrence Livermore National Laboratory, 
Livermore, CA 94511, United States 

The plasma membrane is compartmentalized into compositionally and functionally 
distinct domains. Many tools have been developed to characterize membrane protein 
organization. Though most cellular processes are executed by proteins, data suggests 
that the local abundances of specific lipid species near a membrane protein influences 
protein activity. Characterizing these interactions necessitates simultaneously 
visualizing the protein of interest in parallel with the specific lipid species. A combination 
of high-resolution secondary ion mass spectrometry (SIMS) performed on a Cameca 
NanoSIMS and metabolic labeling enables imaging the distributions of isotope-labeled 
lipids in the plasma membranes of intact cells with ~100 nm lateral resolution. We have 
developed fluorine-functionalized gold nanoparticles immunolabels that permit imaging 



specific proteins in parallel with isotope-labeled lipids using high-resolution SIMS. These 
labels permitted imaging the distribution of influenza hemagglutinin protein and specific 
lipid species on the cell surface. This approach may enable evaluating predictions of 
protein co-localization with specific lipid species. 

COLL 499 

Multifunctional plasmonic–magnetic nanoparticles for targeted diagnostics, 
isolation, and photothermal destruction of tumor cells and MDRB bacteria 

Paresh Ray, paresh10027@yahoo.com.Chemistry & Biochemistry, Jackson State 
University, Jackson, MS 39232, United States 

Here we discuss the development of a multifunctional plasmonic shell–magnetic core 
nanotechnology-driven approach for the targeted diagnosis, isolation, and photothermal 
destruction of multiple drug resistance bacteria (MDRB) and cancer cells. Experimental 
data show that bio-conjugated plasmonic/magnetic nanoparticles can be used for 
targeted imaging and magnetic separation of a particular kind of cell from a mixture of 
different cancer cells. Similarly we have also shown that bio-conjugated 
plasmonic/magnetic nanoparticles can be used for the separation of MDRB from other 
bacteria. A targeted photothermal experiment, using 670-nm light at 2.5 W/cm2 for 10 
minutes resulted selective irreparable cellular damage to most of the cancer cells and 
MDRB bacteria. We also showed that the bio-conjugated magnetic/plasmonic 
nanoparticle-based photothermal destruction of cancer cells is highly selective. In this 
presentation, we will discuss the possible mechanism and operating principle for the 
targeted imaging, separation, and photothermal destruction using magnetic/plasmonic 
nanotechnology. 

COLL 500 

Ion organization and inherent electric fields at aqueous surfaces 

Heather C Allen, allen@chemistry.ohio-state.edu, Wei Hua, Aaron M Jubb.Department 
of Chemistry, The Ohio State University, Columbus, OH 43214, United States 

Heterodyne detected phase-sensitive sum frequency generation (PS-SFG) 
spectroscopy has become an important second order optical spectroscopy to 
understand molecular organization at air/aqueous interfaces. PS-SFG, a variant of SFG, 
is used in our laboratory to investigate the average direction of the transition dipole of 
interfacial water molecules. The orientation of water at air/aqueous inorganic salts 
interfaces of CaCl2, NaCl, Na2SO4, (NH4)2SO4, and Na2CO3 is inferred from the 
direct measurement of the transition dipole moment. We find that charge separation at 
the air/water interface is most obvious for the aqueous ammonium sulfate solution 
where the local electric field has a greater magnitude at this interface relative to the 
other salt solutions. The magnitude of the electric field in the surface extending to the 
subsurface regions decreases in the order: (NH4)2SO4 > Na2SO4 > Na2CO3 ≥ CaCl2 



> NaCl; the electric field is opposite in direction for the sulfates and carbonate relative to 
the chloride salts. Additionally, other ion distributions will also be presented. Application 
to thundercloud electrification is discussed. 

COLL 501 

Dynamics of water interacting with ions 

Michael D Fayer, fayer@stanford.edu.Department of Chemistry, Stanford University, 
Stanford, CA 94305-5080, United States 

The interactions of water with ions in aqueous solutions have a significant effect on 
water dynamics. In many systems water can have a profound effect on the structure 
and dynamics of the solution even for very low mole fractions of water. Ultrafast 2D IR 
(2D IR) vibrational echo and optical heterodyne detected optical Kerr effect (OHD-OKE) 
experiments are used to investigate water dynamics in ionic solutions. For water in 
aqueous salt solutions, 2D IR chemical exchange spectroscopy is used to directly 
measure the time for water to break a hydrogen bond to an ion and form a new 
hydrogen bond with another water molecule. In room temperature ionic liquids it is 
possible to go to very low water concentration without crystallization. 2D IR and OHD-
OKE experiments are used to explore the dynamic interactions of water with a sea of 
ions. 

COLL 502 

Ion adsorption on nanocrystalline TiO2 surfaces by using a reactive force field 

Sung-Yup Kim1, sxk424@psu.edu, Adri van Duin1, James Kubicki2.  (1) Mechanical 
and Nuclear Engineering, Pennsylvania State University, State College, Pennsylvania 
16803, United States  (2) Geoscience, The Pennsylvania State University, State 
College, Pennsylvania 16803, United States 

The ReaxFF reactive force field, developed by van Duin and co-workers enables 
nanosecond-scale simulations of nanoparticles including bond-making and bond-
breaking events, which lack in most classical MD simulations. We present a newly 
developed reactive force field for the Ti-O-H-Ca-Cl system and simulations of TiO2 
nanocrystalline surfaces in aqueous solutions with Ca and Cl ions. The energetics and 
structure of hydrated ions was investigated. Total numbers of H2O molecules, OH and 
Ca ions attached to the surfaces with respect to time will be shown, as well as the 
mechanisms of ion adsorption caused by proton induced charge transfer. In addition to 
these, the ion adsorption characteristic behaviors of the 5 different specific faces for 
anatase and rutile will be presented. 

COLL 503 



Interaction of Hydrophobic Molecular Ions with Charged Colloidal Particle 
Surfaces Studied through Nonlinear Light Scattering 

Hai-Lung Dai, hldai@temple.edu.Department of Chemistry, Temple University, 
Philadelphia, PA 19122, United States 

Interaction of Hydrophobic Molecular Ions with Charged Colloidal Particle 
Surfaces Studied through Nonlinear Light Scattering  

Hai-Lung Dai 

Department of Chemistry, Temple University, Philadelphia, PA 19122 

hldai@temple.edu 

Using the nonlinear optical phenomenon – Second Harmonic Generation, which affords 
differentiation between molecules adsorbed at the colloidal particle surface and the 
ones dissolved in the solution, we are now able to measure adsorption density and free 
energy as well as determine adsorption geometry of molecules at the surfaces of 
particles in colloids.  

The adsorption of the dye molecule malachite green (MG), in cationic form on 
polystyrene microspheres in aqueous solution is used to study the effect of surface 
charge and composition on molecular adsorption. Three types of polystyrene 
microspheres with different surface composition are investigated: 1) a sulfate 
terminated, anionic surface, 2) a neutral surface without any functional group 
termination, and 3) an amine terminated, cationic surface. The cationic dye was found 
to adsorb at all three surfaces, regardless of surface charge. The adsorption free 
energies and densities measured for all three surfaces correlate well with the molecular 
orientations, which provide insight on the intermolecular and molecule-surface 
interactions at the three differently charged particle surface. 

The polystyrene particle surfaces terminated with either amine or carboxyl functional 
groups can be used as model charged surfaces, mimicking protein interactions, for 
characterizing their interactions with hydrophobic molecular ions. This study provides 
useful information for understanding the Hofmeister Series. The effects of ionic strength 
and ion specificity on the adsorption of hydrophobic ions onto these model colloidal 
particles have been investigated. It is observed that salt ionic strength and ion specificity 
affect molecular adsorption depending on the nature of the molecule-surface 
interactions and can be quantitative described by the Gouy-Chapman Model. 

COLL 504 

Charging of organic interfaces with ions from aqueous solutions 



Paul Cremer, cremer@mail.chem.tamu.edu, Halil Okur, Kelvin Rembert.Texas A&M 
University, College Station, Texas 77843, United States 

Polypeptides contain amide backbones, charged, polar, and hydrophobic side chains. 
Each of these groups has ion specific interactions in aqueous solution. For example, 
cations can partition to the acidic side chains from aspartic acid and glutamic acid 
residues, while anions can interact with lysine and arginine residues. In this talk, we will 
explore the interactions of ions with monolayers of model peptide moieties at the 
air/water interface by vibrational sum frequency spectroscopy. Water becomes well 
aligned at such interfaces when there is preferential binding of either cations or anions 
from a salt solution subphase. Such data will be compared with additional FTIR, NMR, 
and thermodynamic data to reveal details about preferential ion-peptide interactions. 

COLL 505 

Transition from surface to bulk behavior: CTAB on silica 

Tan Zhang1, Jim Puckette2, Frank D. Blum1, fblum@okstate.edu.  (1) Department of 
Chemistry, Oklahoma State University, Stillwater, OK 74078, United States  (2) Boone 
Pickens School of Geology, Oklahoma State University, Stillwater, OK 74078, United 
States 

The structure of cetyltrimethylammonium bromide (CTAB) on Cab-O-Sil (M5) silica was 
studied as a function of the adsorbed amount with FTIR, X-ray, and differential scanning 
calorimetry (DSC) techniques. FTIR showed that the relative amount of gauche 
conformers decreased; powder X-ray spectroscopy showed the gradual formation of 
more ordered structures; and DSC showed that the enthalpies of melting and freezing 
increased with increased adsorbed amounts of CTAB. These studies were consistent 
with the initial adsorbed surfactant being rather disorganized, a bilayer being a bit more 
organized, and a semi-crystalline multilayer structure building in to a monoclinic bulk-
like structure with increased absorbed amount. The enthalpies for the multilayers were 
fit to an exponential dependence with a constant of 1.2 mg CTAB/m2 silica, on the order 
of the width of a bilayer. 

 

 
 

COLL 506 

Driving forces for polyelectrolyte adsorption at charged interfaces 

Joseph B. Schlenoff, schlen@chem.fsu.edu, Tarek R. Farhat, Claudiu B. 
Bucur.Department of Chemistry & Biochemistry, Florida State University, Tallahassee, 
FL 32306, United States 



Polyelectrolytes are synthetic or biological macromolecules with multiply charged 
backbones. These charges are compensated by counterions. Polyelectrolytes interact 
strongly with surfaces of opposite charge, a phenomenon that is widely exploited to 
prepare stabilized surfaces (e.g. colloids and fibers) and to assemble nanolayered films 
such as multilayers. The driving forces for polyelectrolyte adsorption and/or interaction 
to/with oppositely charged interfaces are usually analyzed in terms of electrostatics. 
However, in aqueous solutions, the driving forces for adsorption are best described by 
ion-exchange or place-exchange reactions among and between charged polyelectrolyte 
segments and counterions. In particular, the release of bound counterions, along with 
their waters of hydration, is a universal driving force for adsorption. In this talk, simple 
equilibrium arguments will be used to describe what drives polyelectrolytes to charged 
interfaces and how salt concentration moderates the driving forces. 

COLL 507 

Investigating charged solid-fluid interfaces using forced dewetting 

Jeanne E Pemberton, pembertn@email.arizona.edu.Department of Chemistry and 
Biochemistry, University of Arizona, Tucson, AZ 85721, United States 

Forced dewetting is a strategy for physically isolating ultrathin regions of the solid-fluid 
interface that can be probed directly with optical spectroscopies. Under the proper 
conditions, this approach results in residual thin films whose thicknesses are in the nm 
regime and are dictated by long range as opposed to hydrodynamic forces. These thin 
film environments have been shown to replicate interfacial behavior of traditional 
systems, while excluding the relatively thick, opaque bulk solvent layers that traditionally 
complicate interfacial spectroscopy. Examples of the applicability of this approach will 
be presented that include an analysis of interfacial molecular structure at charged 
surfaces. 

COLL 508 

Gold Nanocage-CNT Hybrid Nanomaterial for Targeted Imaging and Photothermal 
Destruction of Cancer 

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

We discuss the design of novel aptamer conjugated gold nanocage decorated 
SWCNTs hybrid nanomaterial for targeted imaging and selective photothermal 
destruction of prostate cancer cell.  

COLL 509 

Solution phase self-assembly: Sub-30 nm gold nanorings on a viral protein 
template 



Omar Zahr, omar.zahr@mail.mcgill.ca, Amy S Blum.Department of Chemistry, McGill 
University, Montreal, Quebec H3A2K6, Canada 

Geometric arrangements of plasmonically coupled particles result in tuneable optical 
properties that may have many practical applications to communication, sensing and 
opto-electronics. Unfortunately, as the desired feature scale in electronic systems 
shrinks below 50 nm, top-down methods such as lithography become increasingly 
expensive and unfeasable. As a solution to this challenge, we present experiments 
using the Tobacco Mosaic Virus capsid (TMVc) as a scaffold for the arrangement of 
plasmonically active nanoparticles into rings. 

TMVc is an appealing three-dimensional template for directed assembly of novel 
nanoscale materials due to its intrinsic self-assembly properties. Nanoparticles can be 
arranged around the disk-shaped coat protein by electrostatic interaction or by chemical 
modification of the coat protein N-terminus. Both methods result in nanoparticle rings 
which display interesting spectroscopic properties that can be tuned by the reversible 
addition of a central nanoparticle. 

COLL 510 

Hydrophobic Functional Monolayer-Protected Gold Nanorods: Properties and 
Self-Assemblies 

Chenming Xue, Quan Li, qli1@kent.edu.Liquid Crystal Institute, Kent State University, 
Kent, Ohio 44242, United States 

Building metal nanoparticles protected by functional organic molecules is a rapidly 
growing fascinating and challenging scientific area of contemporary interest. Gold 
nanorods (GNRs), providing many promising applications in optics, sensors, biological 
imaging and anticancer agents due to their extraordinary shape- and surface chemical 
environment-dependent optical properties, are among the most exciting materials today. 
They are quite different from the widely investigated spherical gold nanoparticles, 
including more distinguished physical properties particularly for their tunable absorption 
in the visible and near IR region. Besides, since anisotropic metal nanoparticles can 
give higher sensitivity than spherical ones in surface plasmon shift, GNRs are highly 
suitable for plasmon sensing with a high-value shape factor (surface curvature). Also 
nanoparticle shape plays an important role in surface-enhanced Raman scattering 
enhancement. In this talk, we will present our recent progress on hydrophobic functional 
monolayer-protected gold nanorods. 

1Supported by the Air Force Office of Scientific Research (FA9550-09-1-0254) 

COLL 511 

Functional thin film with gold nanorods for tunable plasmonic properties 



Ying Bao1, ying.bao@usd.edu, Leonid Vigderman2, Eugene R. Zubarev2, Chaoyang 
Jiang1.  (1) Department of Chemistry, University of South Dakota, Vermillion, South 
Dakota 57069, United States  (2) Department of Chemistry, Rice University, Houston, 
Texas 77005, United States 

Gold nanorods have received much attention due to their unique localized surface 
Plasmon resonance (LSPR) properties with a transverse band in the visible region and 
a longitudinal band in the near infrared region. In this work, we utilized a spin-assisted 
layer-by-layer assembly method to fabricate functional multilayer thin films with 
uniformly distributed positively charged gold nanorods that are covalently functionalized 
by cationic thiol molecules. The LSPR coupling in the multilayer thin films are 
demonstrated via UV-Visible spectroscopy and their application in surface-enhanced 
Raman scattering detection of Rhodamine 6G probe molecules is evaluated. 
Furthermore, robust freestanding nanoscale thin films containing multilayers of gold 
nanorods was successfully prepared and their mechanical properties were investigated. 
This approach in assembling gold nanorods into thin film suggests new possibilities for 
their potential application in biosensing, bioimaging, and nanodevices. 

COLL 512 

On using ethanol solution of Au[III] Salt in the Brust-Schiffrin synthesis of 
thiolate-protected gold NPs 

Yuan Gao, yg79@georgetown.edu, Ying Li, Oksana Zaluzhna, YuYe J. 
Tong.Department of Chemistry, Georgetown University, Washington, DC 20057, United 
States 

Two-phase Brust-Schiffrin method (BSM) has been a predominant procedure for 
synthesizing thiolate-protected gold (Au) nanoparticles (NPs) since 1994. The long-held 
belief was that the addition of thiol to the organic layer of Au (III) and 
tetraoctylammonium bromide (TOAB) reduced Au (III) to polymeric [Au(I)SR]n species, 
which is the intermediate for the formation of Au NPs. However, Goulet et al showed 
recently that [TOA]+[AuX2]- complex was formed instead when aqueous phase is 
present. Furthermore, Li et al demonstrated that such formed [TOA]+[AuX2]- complex is 
actually part of inverse micelles of [TOA]+ encapsulating gold ions together with water. 
The amount of water in the inverse micelles had a profound effect on the formation of 
Au NPs, leading to dramatic changes in the size of Au NPs. However, the low solubility 
of water in the organic solvent does not enable an easy control of the size of micelle by 
which the quality of NP synthesis may be further improved. In this presentation, we 
report our investigation of using ethanol instead of water as a solvent for Au (III) salt in 
the Brust-Schiffrin type of synthesis of Au NPs. The effect of how the encapsulated 
ethanol can influence sizes of the formed Au NPs will be demonstrated. We will also 
discuss the characterizations of the intermediates formed prior to the addition of 
reducing agent NaBH4 by analyzing the Raman spectra, of the size of the formed 
inverse micelles by NMR, and of the Au NPs by TEM. 



COLL 513 

Preparation of 10-nm polymer/Au core-shell nanospheres and microfabrication of 
corresponding Au hollow nanospheres 

Hanting Chen, jessietofly@163.com, Yun Fang, Pingping Pang.School of Chemical 
and Material Engineering, Jiangnan University, Wuxi, Jiangsu 214122, China 

There are some reports about 10-nm metal/polymer core-shell nanospheres but few of 
the reversed core-shell structures are reported since it is difficult to fabricate and 
characterize the precursor polymeric nanocores. The pH-responsive self-assembly of 
partially hydrolyzed polyacrylamide (HPAM) was investigated in pure aqueous solution, 
and at pH 0.9 lots of 10-nm HPAM nanospheres were detected by in situ reduction gold-
doping TEM image. Thus 10-nm HPAM/Au core-shell nanospheres were prepared by in 
situ reduction and deposition of Au on the surface of the above nanospheres. The 
microfabrication of Au hollow nanospheres from the corresponding core-shell 
nanospheres is in progress by physical or chemical means, and the excellent 
performances of them in catalytic activity and SERS enhancement are expected. 

COLL 514 

Kinetically Controlled Seeded Growth Synthesis of Triblock-Copolymer Stabilized 
Gold Nanoparticles: Size Focusing versus Ostwald Ripening 

Theodore S. Sabir1, tsabir@llu.edu, Leah Rowland1, Dong Yan2, Jamie R. Milligan3, 
Danilo S. Boskovic1, R. Steven Kurti1, Christopher C. Perry1, chperry@llu.edu.  (1) 
Basic Sciences, Loma Linda University, Loma Linda, CA 92350, United States  (2) 
Center for Nanoscale Science and Engineering, University of California, Riverside, CA 
92521, United States  (3) Department of Radiology, University of California, San Diego, 
La Jolla, CA 92093, United States 

The negative environmental and economic impacts of organic solvents in gold 
nanoparticle (AuNP) synthesis motivate the search for more environmentally benign 
alternatives. One viable alternative is the synthesis of AuNPs from tetrachloroauric (III) 
acid (HAuCl4) using triblock copolymers (TBPs) as reducing and stabilizing agents. 
However, the nanocrystals produced are heterogeneous in shape and size. Establishing 
control over AuNP crystal formation requires a detailed mechanistic understanding of 
precursor reduction and nanoparticle growth. Using mixtures of TBPs (L31 and F68), a 
more flexible method to modulate size and shape is demonstrated. These goals can be 
achieved by adjusting concentrations of seed citrate-stabilized AuNPs and the TBP/Au 
(III) ratios. Kinetic models are used to explain why L31 inhibits the rate of AuNP 
formation and growth. Experimental evidence of sigmoidal growth kinetics, early time 
bimodal gold nanoparticle size distributions, and polycrystallinity suggest that 
aggregative AuNP growth is an important contributing mechanism. 

COLL 515 



Cysteine self-assembly on reconstructed Au(110) surfaces: A computational 
study of competing interactions 

Irina Paci, ipaci@uvic.ca, Chris Chapman, Ryan Hansen, Elvis Ting.Department of 
Chemistry, University of Victoria, Victoria, British Columbia V8W3V6, Canada 

Chiral recognition often arises from directional preferences in supramolecular 
interactions. In the constrained configurational space of surface-supported structures, 
such directional restrictions are easier to accomplish, and chirality is ubiquitous in 
surface self-assembled patterns. This property has a range of possible applications 
from chiral separations to sensing, chiral catalysis and the formation of nonlinear optical 
materials. We discuss here our theoretical insights into the competing interactions 
leading to chiral pattern formation in one system that has also attracted considerable 
experimental interest: cysteine self-assembly on (1x2)-reconstructed Au(110) surfaces. 
We examine the formation and stability of homochiral dimers, and how intermolecular 
interactions change in the vicinity of the surface and of other molecules. A complex 
array of phases and structures can be traced back to the competition between the 
fundamental intermolecular and molecule-surface forces manifest in these small 
molecular clusters. 

COLL 516 

Immobilization of gold nanorods onto polycaprolactone fibers via polyelectrolyte 
decoration—A SERS substrate 

Wenqiong Tang, wqtang@udel.edu, Bruce Chase, John Rabolt.Department of 
Materials Science and Engineering, University of Delaware, Newark, Delaware 19716, 
United States 

With their intriguing fine-tunable optoelectronic properties, gold nanorods (AuNRs) have 
become promising building blocks in the fabrication of surface enhanced Raman 
scattering (SERS) substrates. In this work, immobilization of AuNRs on electrospun 
polycaprolactone (PCL) fibers was accomplished by using polyelectrolyte (PE) 
decoration. Appropriate charges were imposed on the PCL fibers and the AuNRs by PE 
multilayer deposition which was investigated by Fourier transform infrared spectroscopy 
(FTIR) and X-ray photoelectron spectroscopy (XPS). In addition, AuNR/PCL substrates 
with varied AuNR densities were fabricated and characterized by scanning electron 
microscopy (SEM). The SERS enhancement response of these substrates was 
measured using 4-mercaptopyridine as the probe molecule. All the substrates showed 
acceptable Raman signal enhancement which increased with the AuNR density 
(detection limit is 10-7M 4-mercaptopyridine for the substrate with medium AuNR 
density). The high sensitivity makes the substrate a promising candidate for the 
detection of trace amounts of toxic substances in the environment. 

COLL 517 



Water-Soluble Supramolecular Rotaxane Monolayer Protected Gold Nanorods1 

Xiang Ma, Quan Li, qli1@kent.edu.Liquid Crystal Institute, Kent State University, Kent, 
Ohio 44242, United States 

Owing to their unusual behaviors compared with spherical gold nanoparticles as well as 
corresponding bulk materials, gold nanorods provide tremendous opportunities as well 
as challenges for insights in fundamental science that opens the door to applications 
such as optics, sensors, biological imaging and anticancer agents. So far gold nanorods 
are mainly prepared in an aqueous solution by a seed-mediated growth method, in 
which cetyltrimethylammonium bromide (CTAB) is widely used as a shape-directing 
surfactant to selectively form a densely packed dynamic layer around the sidewall of a 
growing gold nanorod with its two ends free from CTAB for an anisotropic growth along 
the longitudinal axis. The resultant gold nanorods covered with CTAB layer on their 
longitudinal surface are water-soluble. Unfortunately, the dynamic CTAB layer is not 
stable. For example, with the removal of excess free CTAB and other components in 
aqueous solution by centrifugation to obtain the CTAB-covered gold nanorods, the 
bound CTAB in the dynamic layer will eventually enter the solution, which will result in 
irreversible aggregation of gold nanorods into bulk gold. Preparation of water-soluble 
and stable gold nanorods via S-Au covalently bonding modification would be important 
for their biological applications. Here we will represent our recent effort on water-soluble 
supramolecular rotaxane monolayer protected gold nanorods. 

1Supported by the Air Force Office of Scientific Research (FA9550-09-1-0254) 

COLL 518 

Organized self-assembly of Au nanoparticles at the air/water interface 

Raz Jelinek, razj@bgu.ac.il.Department of Chemistry and Ilse Katz Institute for 
Nanotechnology, Ben Gurion University, Beer Sheva, Israel 

“Bottom-up” fabrication attracts increasing interest as a viable and powerful means for 
construction of organized nanostructures. We have developed innovative bottom-up 
approaches for creating two-dimensional metal nanoparticle (NP) structures at the 
air/water interface. The techniques are based upon self-assembly of metal NPs within 
surfactant monolayer templates deposited on water. The surfactants in these systems 
essentially constrain the NPs to specific configurations at the air/water interface. 
Through modulation of the surfactant monolayer compositions we can fabricate diverse 
patterns of the NPs both at the nanoscale and microscale. Importantly, the metal 
nanostructures can be successfully transferred onto solid transparent surfaces, and can 
be further employed for construction of transparent conductive electrodes (TCEs) for 
possible electro-optics applications. 

Selected references: 



[1] “Laser-Modulated Ordering of Au Nanoparticles at the Air/Water Interface”R. 
Volinsky, R. Jelinek, Angewandte Chemie International Edition in English, 2009, 48, 
4540-4542. Designated a Very Important Paper (VIP) 

[2] “Self-Assembled Transparent Conductive Electrodes from Au Nanoparticles in 
Surfactant Monolayer Templates” A. Morag, L. Philosof-Mazor, R. Volinsky, E. 
Mentovich, S. Richter, R. Jelinek Advanced Materials, 2011, 23, 4327-4331 

COLL 519 

Analyzing the catalytic activity of metallic nanoparticles by model reactions 

Matthias Ballauff, matthias.ballauff@helmholtz-berlin.de, Yan Lu, Joachim 
Dzubiella.Soft Matter and Functional Materials, Helmholtz-Zentrum Berlin, Berlin, 
Germany 

Metallic nanoparticles have been the object of intense research during recent years 
because of their catalytic activity. The case of gold is gold nanoparticles is well-known: 
Gold is inactive as bulk metal but catalytically active when dispersed down to the 
nanometer scale. A prerequisite for a quantitative test of the catalytic active are model 
reactions. A model reaction is a simple and well-defined chemical reaction that is 
catalyzed by nanoparticles. There should be only one final product and no dissolution of 
the nanoparticles must happen. In our recent work we demonstrated that the reduction 
of 4-nitrophenol by sodiumborohydride is such a model reaction: Nitrophenol is reduced 
to aminophenol without side reactions and the reaction takes only place in the presence 
of metallic nanoparticles. 

COLL 520 

Scalable fabrication of functional organic nanoparticles and nanomaterials by 
liquid confinement and shear 

Orlin D Velev, odvelev@ncsu.edu.Department of Chemical and Biomolecular 
Engineering, North Carolina State University, Raleigh, NC 27695, United States 

We will report two variants of a shear-driven method for scalable fabrication of 
nanoparticles and nanomaterials. First, we developed a "shear nanospinning" technique 
that allows large scale fabrication of microrods and nanofibers by antisolvent-induced 
polymer precipitation under liquid shear. We will reveal the fundamental influence of 
polymer molecular weight and antisolvent concentration on the formation of nanofibers 
or rod-like particles by this process. Second, we will discuss a “water-water” pH-jump 
shear antisolvency process for making particles from hydrophobic biopolymers. The 
resulting particles can be used to enrich Pickering foams and emulsions with features 
such as colour, specific rheological response, controlled magnetic destabilization and 
controlled release of components. We used lignin as a platform of a new class of 
Environmentally-benign Nanoparticles (EbNPs). These shear-based processes are 



scalable, rapid and cost-effective. The resulting particles are useful in a broad range of 
consumer products and could benefit the emerging US nanotechnology industry. 

COLL 521 

Arrested growth mechanism for the formation of uniform nanoparticlese 

Tadao Sugimoto, tdosugimoto@pop06.odn.ne.jp.Institute of Multidisciplinary Research 
for Advanced Materials, Tohoku University, Sendai, Japan 

In most synthetic systems of nanoparticles, their uniformity may not fully be achieved by 
the LaMer mechanism, since an excessively large proportion of the nucleation stage in 
the whole process is normally required for production of nanosized particles. Here, let 
me propose a basic underlying mechanism named “arrested growth mechanism”, in 
which a high concentration of adsorptive halts or decelerates the growth of the 
nanoparticles with its progressive adsorption to reduce their size distribution, even in the 
midst of the nucleation period. This specific mechanism may apply to a wide variety of 
monodisperse nanoparticle systems, such as Au nanorods by reduction of Au3+ in a 
concentrated aqueous solution of cetyltrimethylammonium bromide (CTAB) under UV-
irradiation, CdX (= S, Se, Te) nanospheres in a hot injection system around 300°C with 
adsorptive solvents, and Pt-group nanoparticles in microemulsions with concentrated 
surfactants. 

COLL 522 

Fluorescent reactive nanoparticles 

Volodymyr Tsyalkovsky1, Marius Chyasnavichyus1, Sergiy Minko2, Igor Luzinov1, 
luzinov@clemson.edu.  (1) School of MS&E, Clemson University, Clemson, SC 29634, 
United States  (2) Department of Chemistry and Bimolecular Science, Clarkson 
University, Potsdam, NY 13699, United States 

Method for synthesis of fluorescent nanoparticles with a reactive epoxide functional 
group on the surface has been developed as a platform for generation of functional and 
labeled nanoparticles for diverse applications. Namely, poly(glycidyl methacrylate), 
PGMA was used to form a reactive and fluorescent shell on the nanoparticle surface. 
Prior to deposition on the silica nanoparticle, the PGMA was fluorescently labeled with 
Rhodamine B via a reaction between the epoxy groups of the polymer and carboxyl 
groups of the dye. A strong fluorescence emission was observed for the colloidal 
suspension of the modified nanoparticles. Reactivity of the particles was confirmed via 
modification of the surface of polyester fibers with the nanoparticles and synthesis of 
polymer grafted layers on their surface using “grafting to” and “grafting from” 
approaches. The designed technique will be applicable toward particles made from a 
wide variety of organic and inorganic materials, as long as the surface of material 
contains functional groups reactive with epoxy moiety. 



COLL 523 

Polymer particles with organocatalytic functionality 

Finn K Hansen, f.k.hansen@kjemi.uio.no, Tore Hansen.Department of Chemistry, 
Iniversity of Oslo, Oslo, N/A 0315, Norway 

Organocatalysis is a quite novel research field within asymmetric organic synthesis. 
Instead of the traditional metal based catalysts, small organic molecules, e.g. amino 
acids such as proline, have been shown to give interesting results. Almost all known 
organocatalytic processes are presently carried out under homogenous conditions, but 
in order to increase the usability of these processes in practical applications, a 
heterogeneous catalytical process is necessary. Some work has been reported where 
organocatalytic functional groups have been added to polymer microbeads by post-
modification . A simpler and more flexible method, however, is to use organocatalytically 
functional monomers in the production of the microbeads. We have developed novel 
synthetic processes to produce different organocatalytic functionalized (meth) acrylates 
and these monomers have been co-polymerized with other (meth) acrylates into cross-
linked microporous polymer particles, using suspension or dispersion polymerizations. 
The functional polymer microbeads have shown to be active organocatalyst, giving 
excellent yield and stereoselectivity. 

COLL 524 

TiO2 – The 5,000,000 ton/year colloid impacting the whole world 

Nathaniel A Barney, nathaniel.barney@usa.dupont.com.Titanium Technologies, E.I. 
DuPont de Nemours & Co., Wilmington, DE 19805, United States 

DuPont Titanium Technologies (E.I. DuPont de Nemours and Company) is the industry 
leader producing high quality pigmentary TiO2 (Ti-Pure®) for use in paper, plastics and 
coatings. The primary function of a TiO2 crystal is to provide opacity without 
compromising other properties in the medium it is dispersed. The refractive index 
difference of the medium, typically a paint (~1.6) and the TiO2 (~2.7) is what creates 
desired opacity. Inorganic surface treatments are often placed on the particle's surface 
to reduce photoactivity (silica) and to aid dispersion (alumina). Generating proper 
pigment characteristics and resulting dispersion quality has been a goal of DTT since 
it's inception in the 1931. Several factors including proper pigment design, dispersion, 
spacing and incorporation of air voids all contribute to maximizing TiO2's utility. This talk 
will focus on effective utilization of TiO2 in architectural coatings. 

COLL 525 

Preparation and characterization of nano-to-submicrometer-sized ZnO particles 



Zorica Crnjak Orel, zorica.crnjak.orel@ki.si.National Institute of Chemistry, Ljubljana, 
Slovenia 

The preparation of stable and non-agglomerated ZnO nano-to-submicrometer sized 
particles of different shapes and sizes with narrow particle size distribution will be 
presented. All experiments were performed in reactor at controlled temperature. The 
starting concentration of precursors, type of solvents, temperature, and pH influence the 
size and morphology of particles. The morphological and crystalline properties of the 
obtained solids were characterized by IR, XRD, SEM and HRTEM. We will present the 
assumed growth mechanism of ZnO particles. It follows the non-classical crystallization 
concept which was observed by combining of advanced in-situ SAXS method and ex-
situ electron microscopy (FE-SEM and TEM). The mechanism predicts the self-
assembling of nanobuilding units (5-10 nm) into larger microstructures with prompt 
crystallization. At the same time, the growth based on the direct attachment of ions from 
the solution also occurs in minor extension. The synthesized ZnO nanoparticles were 
further used for the preparation of polymer/inorganic-material-based nanocomposites. 

COLL 526 

Melting gels for hydrophobic coatings 

Andrei Jitianu, andrei.jitianu@lehman.cuny.edu.Department of Chemistry, Lehamna 
College - City University of New York, Bronx, New York 10468, United States 

New hermetic barriers are necessary materials for electronic industry. These prevent 
the penetration of outside contaminants to infiltrate into electronic devices and 
degrading their performance. Due to their low temperatures of softening and 
consolidation the hybrid organic-inorganic melting gels can substituted low temperature 
melting glasses and to be used for hermetic barrier applications. Two important 
properties qualify the melting gels as a hermetic barrier; one is their high hydrophobicity 
and second is their lack of porosity. In this study the influence of the organic modified 
alkoxides on free energy (hydropobicity) of the surfaces was investigated. Increasing 
the hydrophobicity of the melting gel controls the repelling of water and blocks the 
atmospheric moisture. The hybrid melting gels were synthesized by the sol-gel method 
using mono-substituted silanes such as methyltrimethoxysilane (MTMS) and di-
substituted silanes such as dimethyldimethoxysilane (DMDMS). The melting gels 
obtained were modified using fluoro-organic modified alkoxides such as (3,3,3-
trifluoropropyl)-trimethoxysilane (TFPS). 

COLL 527 

Colloid science of oil and gas production 

Andrei S. Zelenev, azelenev@cesichem.com.CESI Chemical, a Flotek Industries 
Company, The Woodlands, TX 77381, United States 



Enhancing the production of hydrocarbons from shale reservoirs is closely associated 
with the ability to cause the movement of aqueous and hydrocarbon phases in porous 
media. Aqueous surfactant-containing treatment fluids are pumped into the reservoirs in 
order to alter reservoir wettability, lower capillary pressure, and consequently enhance 
production of hydrocarbons and increase flowback of aqueous fluids. Oil (or natural gas) 
and aqueous solutions are often produced from reservoirs simultaneously, resulting in a 
two -phase flow in porous media, which in turn may result in the generation of foam or 
emulsions. In the laboratory these processes can be simulated by the extension of the 
packed column technique originally used by Egon Matijevic' to study particle deposition 
kinetics. The results of such model experiments will be presented and discussed 
together with the corresponding model studies on adsorption and wettability of solid 
matrix by surfactant solutions and dilute microemulsions. 

COLL 528 

Colloid science in slurry formulation for CMP at Dow 

Hongyu Wang, HongyuWang@dow.com.Electronic Materials, Advanced Material 
Division, The Dow Chemical Company, Newark, DE 19713, United States 

In this talk the author reminiscences on his days as a graduate student in professor 
Richard Partch's group at Clarkson University and the colloid and organic chemistries 
he learned. It covers his thesis on modifying silica surface with peroxide functionality 
and the collaboration with professor Matijevic's group on incorporating particles in 
polymer synthesis for IC lithography. He then relates his education to his work at Dow in 
CMP slurry formulation with topics on novel abrasives, slurry stability, STI, Cu barrier 
and bulk slurries research activities. 

COLL 529 

Responsive assemblies of ternary copolymers 

Robert B Grubbs1,2, robert.grubbs@stonybrook.edu, Zhe Sun1, Tianyuan Wu1, Yu 
Cai1, Chai Ngai1.  (1) Department of Chemistry, Stony Brook University, Stony Brook, 
New York 11794, United States  (2) Center for Functional Nanomaterials, Brookhaven 
National Laboratory, Upton, New York 11973, United States 

Block and star-block copolymers with stimulus-responsive components are capable of 
forming different assemblies under different conditions. The structural shifts shown by 
several systems, including responsive amphiphilic triblock copolymers and ABC mikto-
arm star copolymers, under specific conditions will be discussed. Efforts made to 
understand the effects of polymer structure on the rate of structural transformation will 
also be described. 

COLL 530 



Nucleation-controlled Polymerization of Macromolecules and Nanoparticles into 
Supramolecular Structure 

Jing Wang1, Hua Lu2, Jianjun Cheng2, Yao Lin1, ylin@ims.uconn.edu.  (1) Department 
of Chemistry and Polymer Program at Institute of Materials Science, University of 
Connecticut, Storrs, CT 06269, United States  (2) Department of Materials Science and 
Engineering, University of Illionois at Urbana-Champaign, Urbana, IL 61801, United 
States 

The helical and tubular structures self‐assembled from proteins have inspired scientists 
to design synthetic building blocks that can be “polymerized” into supramolecular 
polymers through coordinated noncovalent interactions. However, cooperative 
supramolecular polymerization from large, synthetic macromolecules remains a 
challenge because of the difficulty of controlling the structure and interactions of 
macromolecular monomers. Herein we report the synthesis of polypeptide‐grafted comb 
polymers and the use of their tunable secondary interactions in solution to achieve 
controlled supramolecular polymerization. The resulting tubular supramolecular 
structures, with external diameters of hundreds of nanometers and lengths of tens of 
micrometers, are stable and resemble to some extent biological superstructures 
assembled from proteins. This study shows that highly specific intermolecular 
interactions between macromolecular monomers can enable the cooperative growth of 
supramolecular polymers. The general applicability of this strategy was demonstrated 
by carrying out supramolecular polymerization from gold nanoparticles grafted with the 
same polypeptides on the surface. The nucleation controlled kinetics of the 
supramolecular polymerization will be discussed. 

COLL 531 

Hierarchical superassembly with multicompartment block copolymer 
nanoparticles and kinetic control 

JIahua Zhu1, jhzhu@udel.edu, Shiyi Zhang2,3, Karen Wooley2, Darrin Pochan1.  (1) 
Departmetn of Materials Science and Engineering, University of Delaware, Newark, DE 
19716, United States  (2) Departments of Chemistry and Chemical Engineering, Texas 
A&M University, College station, TX 77843, United States  (3) Department of Chemistry, 
Washington University in St. Louis, St. Louis, MO 63130, United States 

Multicompartment and multigeometry micellar (MCM/MGM) structures are attractive yet 
rarely reported building units to construct hierarchical architectures with complex 
internal structures for potential applications in biomedical, photonics, catalytic support 
materials, etc. Due to segregation of unlike hydrophobic domains trapped within the 
same micellar core, MCMs/MGMs were firstly assembled from block copolymer 
mixtures in tetrahydrofuran/water solution with both size and shape of core 
compartments controlled by solvent switching kinetics. The mixture is composed of two 
diblock copolymers crown ether functionalized poly(acrylic acid)-block-poly(methyl 
methacrylate) ((18-crown-6-PAA)-b-PMMA) and poly(acrylic acid)-block-polybutadiene 



(PAA-b-PB). The critical next step is to trigger micelle-micelle association by the 
subsequent addition of diamines due to ammonium–crown ether supramolecular 
interactions. Superstructure formations, including 1-D micelle chains, 2-D micelle rings, 
and 3-D micelle aggregates, were produced with internal structures evolving 
dynamically. Disassembly of the hierarchical structures was achieved by the addition of 
potassium ion, which competed with ammonium to associate crown ether, resulting in 
novel nanoparticles with interesting multiple subdomains. 

COLL 532 

Topology controlled supramolecular self-Assembly of octa triphenylene-
substituted polyhedral oligomeric silsesquioxane (POSS) hybrid supermolecules 

Jianjun Miao1, Lei Zhu1,2, lxz121@case.edu.  (1) Institute of Materials Science, 
University of Connecticut, Storrs, Connecticut 06269-3136, United States  (2) 
Department of Macromolecular Science and Engineering, Case Western Reserve 
University, Cleveland, Ohio 44106-7202, United States 

A series of liquid crystalline star supermolecules with polyhedral oligomeric 
silsesquioxane (POSS) as the central scaffold and eight triphenylenes (Tp) as the 
peripheral arms were synthesized via amidization reactions. The supermolecules were 
denoted as POSS(Tp)8. Six POSS(Tp)8 samples were prepared with two alkyl chain 
lengths in the Tp (C5 and C12) and three spacer lengths (C2, C6 and C10) between the 
POSS core and the Tp arms. Three samples with C5-Tp were amorphous because of 
too short alkyl chains in the Tp, while the other three samples with C12-Tp self-
assembled into hierarchical liquid crystalline mesophases, as studied by X-ray 
diffraction (XRD) and transmission electron microscopy (TEM). When the spacer length 
was C2, a column-within-column super hexagonal columnar phase was observed, 
because the POSS core and Tp arms were intimately coupled together. With increasing 
the spacer length to C6 and C10, respectively, the POSS core and Tp arms became 
gradually decoupled. 

 

 
 

COLL 533 

Single-micelle-templated organosilica nanospheres and nanotubes 

Manik Mandal, Michal Kruk, Michal.Kruk@csi.cuny.edu.Department of Chemistry, 
College of Staten Island and Graduate Center/CUNY, Staten Island, NY 10314, United 
States 

While the surfactant-micelle-templating has become a standard synthesis approach for 
ordered mesoporous materials over the last two decades, there is an emerging 



opportunity to use surfactant micelles to template individual nanoparticles with voids of 
spherical or tubular shape. We have shown that the lowering of the ratio of the 
framework (organosilica or silica) precursor to the surfactant often renders single-
micelle-templated particles having single spherical or cylindrical pores instead of 
particles containing multiple pores (typically periodic) templated by micelle arrays. The 
strategy has been implemented for Pluronic (poly(ethylene oxide)-poly(propylene 
oxide)-poly(ethylene oxide)) block copolymer surfactants and bridged organosilica 
frameworks (with methylene, ethylene, ethenylene and phenylene bridging groups) or 
silica frameworks. The resulting nanospheres have hollow interiors 8-25 nm in diameter 
and very uniform inner and outer diameters. It is also possible to synthesize 
organosilica nanotubes with narrow distribution of inner diameters. The single-micelle-
templated synthesis offers easy access to uniform hollow nanoparticles. 

COLL 534 

Counter-ion dependent self-assembly of cobaltocenium block copolymer 
polyelectrolytes 

Chuanbing Tang, tang4@mailbox.sc.edu.Department of Chemistry and Biochemistry, 
University of South Carolina, Columbia, SC 29208, United States 

Metallocene-containing polymers are among the most important metallopolymers, due 
to unique redox properties and high stability of structural integrity of the metallocene 
moiety. Different from neutral 18-e ferrocene-containing polymers, cationic 18-e 
cobaltocenium-containing polymers exhibit unique properties of redox-active 
polyelectrolytes. We have developed a class of side-chain cobaltocenium containing 
polymers and block copolymers. This talk will focus on the preparation of a variety of 
cobaltocenium-containing block copolymers and their self-assembly. By utilizing 
characteristic dependence of solubility on counter ions, block copolymers with both 
segments containing cobaltocenium and different counter ions showed the formation of 
kinetically-trapped micelles. With only one block containing cobaltocenium, self-
assembly resulted in thermodynamically stable micelles. In both cases, ion exchange 
can be used to induce morphological transformation of micelles. 

COLL 535 

Polymerisation-induced self-assembly via RAFT dispersion polymerisation 

Steven P Armes, s.p.armes@sheffield.ac.uk.Department of Chemistry, University of 
Sheffield, Sheffield, Yorkshire S3 7HF, United Kingdom 

Methacrylic diblock copolymers are prepared using reversible addition-fragmentation 
chain transfer (RAFT) chemistry at 70oC using an aqueous dispersion polymerization 
formulation. The first block is water-soluble poly(glycerol monomethacrylate), whereas 
the second block comprises water-insoluble poly(2-hydroxypropyl methacrylate). As it 
grows, the latter block becomes increasingly hydrophobic, which drives in situ self-



assembly to form spherical nanoparticles of 25-100 nm diameter at 10% solids. 
Adjusting the copolymer curvature enables the morphology to be varied systematically 
from spheres to worms to vesicles. Phase diagrams are elucidated, which allows the 
reproducible synthesis of nanoparticles with predictable morphologies at up to 25% 
solids. If vesicles are targeted, the block copolymer morphology evolves from spheres 
to worms to vesicles during the polymerization. TEM studies reveal jelly-fish nano-
structures that provide mechanistic insights regarding the worm-to-vesicle transition. 
The worm phase leads to shear-thinning, free-standing gels at 20oC but degelation 
occurs on cooling to 5oC due to a reversible worm-to-sphere transition. 

COLL 536 

Solution and assembly properties of amphiphilic copolymers based on N-vinyl 
pyrrolidone 

Kate A. Murphy1, Jessica L. Terrell1, Ivan Nunez2, Jeffrey G. Linhardt2, Devon A. 
Shipp1, dshipp@clarkson.edu.  (1) Department of Chemistry & Biomolecular Science, 
Clarkson University, Potsdam, New York 13699-5810, United States  (2) Bausch and 
Lomb, Rochester, New York 14609, United States 

A series of copolymers were synthesized using reversible addition-fragmentation chain 
transfer (RAFT) polymerization based on N-vinylpyrrolidone (NVP), vinyl laurate and N-
trisilylpropyl-O-vinyl carbamate monomers. Specifically, the synthesis of block 
copolymers, forced gradient copolymers made by sequential monomer addition, and 
statistical copolymers is reported. These copolymers have similar molecular weights 
and overall compositions, but differ in their compositional distribution. The surfactant 
behavior of the polymers was studied and evaluated using several techniques and 
correlated to composition and copolymer architecture. 

COLL 537 

On the relevance of defects on grain coarsening in block copolymer melts 

Michael R Bockstaller, bockstaller@cmu.edu, Hyung Ju Ryu.Department of Materials 
Science and Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United 
States 

The occurrence of grain boundary (GB) defects is inherent in quiescent organized block 
copolymer materials and can be related to the nucleation and growth of ordered grains 
during the structure evolution process, the interaction of disclinations or mechanically 
induced kinking because of inhomogeneous solvent evaporation during the late stages 
of film formation. However, despite of the abundance of GB defects and their 
demonstrated relevance on the physical properties of BCP materials, very little is known 
about the governing parameters that determine the formation of the various types of GB 
structures or the evolution of GB structures during, for example, thermal annealing. This 
presentation will review recent progress in the understanding of the kinetic and 



energetics associated with GB annealing and its implication on microstructure evolution 
in block copolymer materials. 

COLL 538 

Bio/abio research at the U.S. Army Research Office 

Jennifer Becker, jennifer.j.becker.civ@mail.mil, Stephanie McElhinny.U.S. Army 
Research Office, Research Triangle Park, NC 27709, United States 

The mission of the U.S. Army Research Office is to serve as the Army's premier 
extramural basic research agency in the engineering, physical, information, and life 
sciences; developing and exploiting innovative advances to ensure the Nation's 
technological superiority. ARO programs seed scientific and far reaching technological 
discoveries to enhance Army capabilities. The vision of the Reactive Chemical Systems 
program is to develop a molecular level understanding of reactive chemical systems 
that will provide the foundation for creating new dynamic and responsive materials for 
protection from hazardous chemicals and materials. The vision of the Biochemistry 
program is to understand and control the activity and assembly of biomolecules to 
achieve integration of exceptional biomolecular capbilities with synthetic systems. 
These programs are working together to develop a fundamental understanding of how 
to control structure and function at bio/abio interfaces and how to harness the reactivity 
of these novel hybrid systems. 

COLL 539 

Design of Biotic-Abiotic Interfaces using Liquid Crystals 

Nicholas L Abbott, abbott@engr.wisc.edu.Department of Chemical and Biological 
Engineering, University of Wisconsin-Madison, Madison, WI 53706, United States 

Many biological molecules form liquid crystalline materials. The unique combination of 
long-range molecular ordering and mobility found in these materials has been exploited 
by nature to create functional interfaces. Inspired in part by natural systems, we have 
recently initiated studies that seek to engineer synthetic liquid crystalline materials to 
create tailored interfaces between biotic and abiotic systems. In one approach, we 
exploit the long-range ordering of liquid crystalline materials near interfaces to amplify 
nanoscopic biomolecular interactions into the optical scale. In a second approach, we 
seek to use the mechanical properties of liquid crystals to design materials than can be 
used to regulate the organization and function of biological systems. This talk will sketch 
examples that illustrate each of the above approaches. Fundamental challenges and 
technological opportunities will be discussed. 

COLL 540 

Multifunctional Coatings for Bio-orthogonal Immobilization Strategies 



Joerg Lahann1,2, lahann@umich.edu, Xiaopei Deng2.  (1) Chemical Engineering, 
University of Michigan, Ann Arbor, MI 48109, United States  (2) Macromolecular 
Science and Engineering, University of Michigan, Ann Arbor, MI 48109, United States 

The fate of biological cells cultured in a synthetic environment is, at least in part, 
governed by interactions with biomolecules on the substrate surface. Here, synthetic 
surfaces will act as recognition sites that mitigate vital cellular functions including 
adhesion, migration, and differentiation. In this presentation, I will review our chemical 
vapor deposition (CVD) polymerization technology that provides capabilities for coating 
a range of functionalized poly-p-xylylenes on a variety of substrates. These reactive 
coatings provide different functional groups on different coatings were used for 
immobilization of biomolecules, such as peptides, proteins and DNA. Moreover, it has 
been established that CVD co-polymerization of different [2.2]paracyclophanes is 
feasible and can result in coatings with orthogonal chemical reactivities. The multipotent 
polymer coatings can simultaneous present multiple molecules in controlled ratios. As a 
specific example, the copolymer poly[(4-ethynyl-p-xylylene)-co-(4-pentafluorophenyl 
ester-p-xylylene)-co-(p-xylylene)] will be discussed as a multipotent base coating for 
immobilization of growth factors and adhesion peptides in defined surface ratios. 

COLL 541 

Dynamic micro- to nanostructured polymer surfaces for control of bioadhesion 
and biorecognition 

Gabriel P. Lopez, gl52@duke.edu.Department of Biomedical Engineering, Duke 
University, Durham, NC 27708, United States 

This presentation will provide recent results on the development and study of 
bioadhesion and biorecognition on abiotic stimuli responsive surfaces that are patterned 
on lateral length scales of the order of 10 microns and below. Stimuli responsive 
polymer surfaces include patterned polymer brushes and elastomers; biological 
systems of interest include, protein solutions, adherent mammalian cell lines, as well as 
marine and infectious bacteria. Our previous studies have demonstrated that stimuli 
responsive polymers can be used to control the adhesion of such systems and this 
presentation, we will provide our latest advancements in this line of study, as regards to 
both molecular and cellular biointerfacial phenomena. Methods for preparing dynamic 
micro- and nanopatterns of stimuli responsive polymers will be presented, along with 
characterization of their structure, dynamic behavior and bioadhesion resistant 
character. 

COLL 542 

Enzyme-Based Nanocomposites: Using Nature to Ward Off Emerging Threats 

Ravi S. Kane, kaner@rpi.edu, Jonathan Dordick, Ravindra Pangule, Elena Paskaleva, 
Krunal Mehta.Department of Chemical and Biological Engineering and Center for 



Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic Institute, Troy, NY 
12180, United States 

Nature is unparalleled in its structural and functional diversity. We have taken cues from 
nature to design nanostructures that are functionalized with biological molecules, 
complete with tailored selectivities and biocatalytic activities. Herein we highlight our 
recent efforts to exploit the interface of biology with materials science, with a particular 
focus on enzyme-nanomaterial composites with a wide range of activities that endow 
surfaces with self-cleaning properties. In particular, surfaces have been generated with 
tailored activity against pathogens (e.g., MRSA), spores, and chemical toxicants. 
Various enzymes have been used, including cell wall lytic enzymes that selectively 
target pathogens in a manner that is extremely difficult for the pathogen to gain 
resistance, as well as reagent-requiring enzymes that rapidly generate potent oxidants 
at a local surface, thus neutralizing spores and bacteria. Such activity provides a safe 
and potentially broadly applicable route to eliminating toxic compounds and pathogenic 
microorganisms from common surfaces. 

COLL 543 

Biointerfaced Graphene 

Michael C McAlpine, mcm@princeton.edu.Mechanical and Aerospace Engineering, 
Princeton University, Princeton, NJ 08544, United States 

Direct interfacing of nanosensors onto biomaterials could revolutionize health quality 
monitoring and adaptive threat detection. Graphene is capable of highly sensitive 
analyte detection. Here we show that the nanoscale nature of graphene allows it to be 
printed onto water-soluble silk. This in turn permits intimate biotransfer of graphene 
nanosensors onto biomaterials, including tooth enamel. The result is a fully interfaced 
sensing platform which can be tuned to detect target analytes. For example, via self-
assembly of peptides onto graphene, we show bioselective detection of bacteria at 
single cell levels. Incorporation of a resonant coil eliminates the need for onboard power 
and external connections. Combining these elements yields two-tiered interfacing of 
peptide-graphene nanosensors with biomaterials. In particular, we demonstrate 
integration onto a tooth for remote monitoring of respiration and bacteria detection in 
saliva. Overall, this strategy of hierarchically interfacing biomolecules with nanosensors 
and biomaterials represents a versatile approach for detecting biochemical targets.  

 
 

COLL 544 

Tuning surfaces for cellular function using nanolayer assemblies 

Paula T. Hammond, hammond@mit.edu.Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, MA 02139, United StatesKoch 



Institute of Integrative Cancer Research, Massachusetts Institute of Technology, 
Cambridge, MA 02139, United States 

A number of developments in the area of layer-by-layer assembly have demonstrated 
the ability to tune the release of singular or multiple proteins, DNA and siRNA from 
surfaces with exquisite control; however, there are also several critical applications in 
which a permanent, non-erodible ultrathin film can impart surface characteristics that 
regulate cell growth, adhesion and proliferation. We have recently engineered 
polyelectrolyte multilayer thin films for which a few nanolayers can enable desired cell 
attachment or function. Osteoconductive surfaces have been generated through the 
incorporation of relatively simple biomolecular components that influence both the 
biocompatibility, surface chemistry and the mechanical properties of the surface. 
Specific multilayer systems enhance the differentiation of cells to osteoblasts without 
releasing any growth factors or other inductive molecules. When these osteoconductive 
surfaces are combined with osteoinductive factors, significant changes in the 
mechanical strength of joint adhesion can be observed. On the other hand, it is possible 
to use polyelectrolyte assembly to create surfaces that are microbicidal and antiviral, yet 
enable the proliferation of endothelial lens cells and other cell types. The unique ability 
to generate films that exhibit both mixed charge and hydrophobic-hydrophilic 
nanodomains leads to very low fouling systems that promote cell growth and adhesion. 
These systems may act as functional 'underlayers' for anti-inflammatory releasing films 
for intraocular implants or orthopedic implants. These systems and other newly 
developed nanolayer thin films will be discussed as means of modifying surfaces to 
control and direct cellular behavior. 

COLL 545 

Molecular film formation at solid/liquid interfaces: Spectroscopic studies of 
monolayer and multilayer growth 

Robert A Walker, rawalker@chemistry.montana.edu, B. Lauren Woods, Eric A 
Gobrogge.Department of Chemistry and Biochemistry, Montana State University, 
Bozeman, MT 59715, United States 

Understanding the properties that lead solutes to form films at interfaces, a priori, is not 
easy. Some molecules form monolayers while closely related congeners form 
multilayers. Some films consist of monomers acting independently while other films 
show evidence of collective behavior from molecular aggregates. Molecular 
organization and mobility in films will depend sensitively on a balance of forces that 
include a solute's solvation in bulk solution, solute affinity for a surface and lateral 
associations between adsorbed solutes themselves. Using both 2nd order nonlinear 
optical spectroscopy and time resolved fluorescence in a total internal reflection 
geometry, we have begun to explore the behavior of different 7-aminocoumarins (7AC) 
adsorbed to silica/liquid interfaces. Primary amines form terminal monolayers at 
silica/methanol interfaces with adsorption energies of ~-35 kJ/mole; tertiary amines 



show clear evidence of multilayer growth. The solvatochromic behavior of all 7-AC 
species show the silica/methanol interface to be remarkably nonpolar. 

COLL 546 

Effect of Metal Complexation on the Adsoption Behavior of Model Humic Acid 
Polymers at an Oil-Water Interface 

Ellen Robertson, eroberts@uoregon.edu, Geraldine L. Richmond.Department of 
Chemistry, University of Oregon, Eugene, Oregon 97403-1253, United States 

The assembly of polyelectrolytes to the interface between two fluids is important 
for certain water remediation technologies. For instance, humic acids are 
large, carboxylic acid-containing molecules that can be used to clean up waters 
contaminated by toxic oil. These natural polyelectrolytes have the ability to bind to 
and sorb a variety of chemical species found in groundwater, including heavy metals 
and salts, which could potentially affect macromolecular interfacial properties. 
While polyelectrolyte-metal interactions have been well explored in bulk aqueous 
solutions, their behavior at fluid interfaces has been largely unexplored. This 
study investigates the effects of inorganic cations on the fundamental adsorption 
and assembly processes of carboxylic acid-containing polyelectrolytes to an oil- 
water interface as a model to better understand a complex environmental system. 
Results from vibrational sum frequency spectroscopy and interfacial tension 
studies indicate that carboxylic acid-metal interactions play a significant role in 
polyelectrolyte interfacial properties. 

COLL 547 

Organic molecule binding on mineral surfaces: SFVS results for ethanol on R-
plane corundum, and speculations on amino acid sorption 

Glenn Waychunas1, gawaychunas@lbl.gov, Y. Ron Shen2, Jaeho Sung3.  (1) Earth 
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United 
States  (2) Department of Physics, University of California, Berkeley, Berkeley, CA 
94720, United States  (3) Department of Physics, University of California, Berkeley, 
Berkeley, CA 94720, United States 
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With the enormous diversity of anthropogenic and natural organic species in the 
environment, it is essential to understand how binding with mineral surfaces can 
influence breakdown, condensation or other organic reaction pathways. Such 
information is required for predicting the transport and lifetime of species within 
ecosystems, or for remediation efforts. By combining surface x-ray scattering and SFVS 



methods we are endeavoring to probe the complete structure around sorbed organic 
complexes including effects on interface water arrangements, and hence develop 
baseline information for surface-controlled reaction models. An initial study is monolayer 
sorbed ethanol on R-plane corundum, where the molecules adopt positions allowing 
both donor and acceptor hydrogen bonds to surface functional groups. Under bulk 
ethanol exposure this binding is maintained, and a second layer with opposite 
orientation is created. Our next step is zwitterion amino acid sorption, and we speculate 
on the more complex binding that may occur with oxide surfaces. 

COLL 548 

Phase-resolved nonlinear vibrational spectroscopy study of organic adsorption at 
the silica-water interface 

Paul A Covert, Dennis K Hore, dkhore@uvic.ca.Department of Chemistry, University of 
Victoria, Victoria, BC V8W 3V6, Canada 

The adsorption of organic molecules on mineral surfaces has been linked to the 
reactivity of these species in the atmosphere and ocean. The mineral surfaces serve to 
select molecules, concentrate them, and orient their chemical functional groups. The 
adsorbate surface-bound structure then serves as a basis for understanding 
subsequent reactivity. Nonlinear vibrational spectroscopy is an inherently surface-
specific technique and is ideally suited to studying the structure of molecules in their 
adsorbed state. We will provide a demonstration of our structure elucidation techniques 
for environmentally-relevant species at the silica-water interface. Our recent effort has 
been to perform interferometric measurements to resolve the absolute polarity of bonds 
and thereby understand specific sub-molecular mineral-organic interactions. 

COLL 549 

Cation effects on nitrate ions adsorption at air-aqueous interfaces: Application to 
atmospheric aerosols 

Dominique Verreault, verreault.2@chemistry.ohio-state.edu, Wei Hua, Heather C. 
Allen.Department of Chemistry and Biochemistry, The Ohio State University, Columbus, 
OH 43210, United States 

Nitrate ions (NO3
2-) are among the most abundant ions in the aqueous phase of 

atmospheric aerosols. Despite their importance, an understanding of NO3
2- adsorption 

at air-aqueous interfaces remains somewhat limited. One of the factors that could play a 
critical role in the surface propensity of the NO3

2- ion is the identity of the counter cation. 
Currently, there are no studies revealing the interfacial effects of different valency 
cations when paired with nitrate. Nevertheless, it is generally accepted that the extent of 
NO3

2- ion adsorption over bulk solvation is mainly determined by the balance between 
ion-ion and ion-solvent interactions. In the present work, the effect of mono-, di- and 
trivalent cations on NO3

2- ions adsorption to the air-aqueous interface is investigated by 



means of vibrational sum-frequency-generation (VSFG) spectroscopy. The influence of 
cation size and surface charge density is indirectly determined by the impact of NO3

2- 
ions adsorption on interfacial water organization. 
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Modeling vibrational frequencies of cellulose-water interfaces 

James D Kubicki1, jdk7@psu.edu, Heath D Watts1, Christopher Lee2, Seong Kim2.  (1) 
Department of Geosciences, The Pennsylvania State University, University Park, PA 
16802, United States  (2) Department of Chemical Engineering, The Pennsylvania State 
University, United States 

Cellulose is garnering increased attention by researchers in recent years because it is a 
possible source of feedstock for materials and biofuels. In plants, cellulose interacts with 
other plant cell wall polymers such as hemicelluloses, pectin and lignin. All these 
components are likely to have surface interactions with water molecules permeating the 
plant cell wall. Unlocking the nature of these chemical interactions may provide clues to 
more efficiently accessing cellulose and removing the unwanted protective components. 
Currently, this is done in paper-making and ethanol production via acidic hot water 
treatments and enzymatic degradation which is relatively costly. This work focuses on 
using density functional theory (DFT) calculations to model the structures and 
vibrational spectra of cellulose interactions with water and other plant cell wall polymers. 
By comparing computed and observed spectra, one can assess the accuracy of the 
model structures and gain insight into the architecture of plant cell walls. 

COLL 551 

Examining bacteria-mineral interfaces with FTIR Spectroscopy 

Sanjai J Parikh, sjparikh@ucdavis.edu.Deparment of Land, Air and Water Resources, 
University of California-Davis, Davis, California 95616, United States 

Attenuated total reflectance (ATR) Fourier transform infrared (FTIR) spectroscopy has 
been utilized to examine the binding of bacteria surface functional groups with hematite 
(α-Fe2O3). Past research has demonstrated the importance of biomolecule phosphate 
groups from live bacteria cells in forming bonds with the Fe-oxides surface. In this 
current research, FTIR spectroscopy demonstrates the importance of both bacterial 
phosphate and carboxyl groups for live cell attachment to hematite. However, distinct 
differences were observed for interaction of Escherichia coli strains as compared to 
Pseudomonas putida, P. aeruginosa, Shewanella oneidensis, and Bacillus subtilis. 
Preliminary analysis suggests that whereas phosphate groups are critical for 
Pseudomonas, Shewanella, and Bacillus spp., carboxyl and amide groups may play a 
more important role in E. coli adhesion to hematite. Additionally experiments with a 
range of model biomolecules and amino acids have been performed to refine FTIR 
band assignments. 
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Unique analytical capabilities of in situ FTIR spectroscopy coupled with ex situ 
XPS, DFT modeling, and electrochemical methods at environmental interfaces 

Irina V. Chernyshova, irina905C@gmail.com.Deapartment of Earth and Environmental 
Engineering, Columbia University, New York, NY 10027, United States 

in situ FTIR spectroscopy has already been proved to be versatile in its ability to provide 
molecular and kinetic information about the adsorption and photocatalytic reactions at 
the environmental interfaces. I will demonstrate that further coupling of this method with 
ex situ XPS and DFT modeling, as well as the capability to vary the electrochemical 
potential can significantly advance studies of the reaction mechanisms on metal 
(hydr)oxide and sulfide nanoparticles in water. I will discuss the application of this 
combined approach to understanding the catalytic redox reactivity of metal (hydr)oxide 
nanoparticles, their interaction with environmentally important anions, as well as 
oxidation of metal sulfides. With the established contribution of the electrochemical 
effects to the chemical reactivity of semiconducting metal (hydr)oxides and sulfides, this 
approach may become the tool of choice to address many environmental problems 
where structural, quantitative, temporal, and mechanistic information on the chemical 
reactivity of these particles is critical. 

COLL 553 

Adsorption and desorption kinetics of dimethylarsinic acid with iron 
(oxyhydr)oxides studied by ATR-FTIR and DFT calculations 

Hind A Al-Abadleh, halabadleh@wlu.ca, Julia Tofan-Lazar, Adrian Adamescu, Ian 
Hamilton.Department of Chemistry, Wilfrid Laurier University, Waterloo, Ontario N2L 
3C5, Canada 

Dimethylarsinic Acid (DMA) is an organoarsenical compound commonly detected in 
arsenic speciation studies of environmental samples and pyrolysis products of fossil 
fuels. Transformation of DMA under certain conditions leads to the formation of other 
forms of arsenic, which could be more toxic than DMA to biota, and more efficient in 
deactivating catalysts used in petrochemical refining. Surface interactions of arsenicals 
with inorganic and organic adsorbents impact their environmental fate and the efficiency 
of arsenic-removal technologies from fuels and industrial waste-water. 

This talk will show ATR-FTIR measurements of the adsorption/desorption kinetics of 
dimethylarsinic acid (DMA) on goethite and hematite particles. Apparent adsorption and 
desorption rate constants were extracted from applying the Langmuir kinetic model to 
the experimental data. DFT calculations were also performed on model hydrated DMA-
Fe clusters. The results are significant in relation to improving modelling tools used by 
environmental regulators and the energy sector, and designing arsenic-removal 
technologies. 



COLL 554 

Polyoxometalate (POM) macroion induced phase transition in phospholipid 
biomembranes 

Y. Elaine Zhu, yzhu3@nd.edu, Benxin Jing.Department of Chemical and Biomolecular 
Engineering, University of Notre Dame, Notre Dame, IN 46556, United States 

Polyoxometalate (POM) macroions that are transition metal oxygen clusters with well 
defined atomic coordination structures have recently emerged as new and functional 
nanocolloidal materials used as catalysts, anti-cancer medicines, and building blocks for 
novel functional materials. However, their implications to human health and environment 
remain poorly investigated. In this work, we examine the interaction of highly charged 
anionic POM nanocluters with phospholipid bilayers as a model cell membrane system. 
It is observed that upon the adsorption of anionic POMs, lipid dynamics is significantly 
suppressed and lipid bilayers are disrupted with resultant pore and budding-like 
structural formation. Direct calorimetric experiment of POM interaction with lipid bilayers 
of varied lipid compositions confirms the POM-induced fluid-to-gel phase transition in 
lipid bilayers, due to strong electrostatic interaction between POM nanocluster and lipid 
head groups. 

COLL 555 

Monodisperse, multi-functional polymersomes in micromixers for biomedical 
imaging: Continuous synthesis, loading and self-assembly investigation 

Raphael Thiermann1, raphael.thiermann@bam.de, Michael Maskos2, Regina Bleul1, 
Annabelle Bertin1.  (1) Federal Institute for Materials Research and Testing, Berlin, 
Germany  (2) Institut für Mikrotechnik Mainz GmbH, Mainz, Germany 

Preparation of polymersomes with narrow size distribution is often connected with a 
time consuming multi-step synthesis. By taking advantage of micromixer technology, we 
report a continuous synthesis of multi-functional polymersomes. The hollow structure of 
polymersomes abound high loading capacities for hydrophilic and hydrophobic 
molecules or particles. Incorporation of quantum dots, superparamagnetic iron oxide 
nanoparticles or dyes during the self-assembly process leads to a reproducible and 
controlled synthesis of multi-functional polymersomes. By variation of mixing 
parameters, different sizes of loaded polymersomes are obtained. Intermediates from 
micelles to vesicles can be kinetically trapped and provide insight into the self-assembly 
mechanism of polymersomes. Characterization of the successful encapsulation was 
performed by (Cryo-)TEM, DLS and FCS. Due to the comparably low cytotoxicity, a 
wide field of applications can be envisioned, such as fluorescence cell imaging, 
magnetic resonance imaging (MRI), in hyperthermia therapies or by further surface 
modification as nanotransporters for targeted drug delivery. 

COLL 556 



Versatile methods for the preparation of enzyme cleavable peptide-polymer 
hybrid nanostructures 

Adrian V Fuchs, fuchs@mpip-mainz.mpg.de, Julien Andrieu, Niklas Kotman, Matthias 
Maier, Clemens Weiss, Katharina Landfester.Max Planck Institute for Polymer 
Research, Mainz, Germany 

The design of materials for sensing and payload delivery applications upon exposure to 
specific enzymes is important for site and cell specific targeting. Polymer-peptide hybrid 
nanoparticles and nanocapsules containing tailored recognition sequences provide a 
specificity to target a range of distinct proteases. 

Here, we describe the formation and cleavage of nanoparticles and nanocapsules 
composed of specific peptide recognition sequences synthesized via novel solid phase 
peptide synthesis or coupling chemistry. Trypsin- or hepsin-cleavable peptides were 
studied and are cleaved upon exposure to the respective enzyme.1 Capsules and 
particles of a few hundred nanometers were prepared via inverse miniemulsion or 
controlled nanoprecipitation processes. Cleavage was studied by monitoring a 
fluorescence-quencher (FRET)-pair, payload release via an encapsulated fluorescence 
dye, and tracing of a released fluorophore-labeled peptide segment. Applications of this 
work extend to the diagnosis of, and drug delivery to cells that have an over expression 
of hepsin i.e. prostate cancer cells. 

COLL 557 

Nanogel star polymers as interesting soft colloid materials for biomedical 
applications 

Robert D Miller1, rdmiller@almaden.ibm.com, J. Sly1, V. Lee1, H. Maune1, N. Tijo1, J. 
Munninghoff2, T. Nguyen3, L. Gomez3, M. McNeil3.  (1) IBM Almaden Research Center, 
San Jose, CA 95120, United States  (2) Raboud University, Nijmegen, The Netherlands  
(3) San Jose State University, San Jose, CA 95112, United States 

Polymers have numerous biomedical applications including delivery of therapeutic 
materials, imaging applications, tissue regeneration, antimicrobial action and others. We 
have developed a route to nanogel core star polymer amphiphiles with control over size, 
functionality, end groups and molecular architecture. These particles can either be 
biostable or biodegradable depending on the desired application. These materials 
encapsulate hydrophobic materials such as dyes at the 10-15% level without covalent 
bonding. The outer shell also sequesters magnetic particles for MRI studies and ligates 
ions such as copper 64 for PET. The outer shell can also be used to generate a 
functional silica shell or catalyze the electroless deposition of a gold shell. The later 
leads to a surface plasmon resonance absorption shifted into the near IR suitable for 
inducing hyperthermic processes in cells upon irradiation. We have also studied the 
antimicrobial properties of suitable substituted nanogel star polymers derivatives 



COLL 558 

Synthesis and characterization of lipopolysaccharide/quantum dot self-
assembled nanoparticles: Application in the study of inflammation 

Alexandre Moquin1, alexandre.moquin@umontreal.ca, Dusica Maysinger3, Françoise 
M. Winnik2.  (1) Faculty of Pharmacy, Université de Montréal, Montreal, QC H3C3J7, 
Canada  (2) Department of Chemistry and Faculty of Pharmacy, Université de Montréal, 
Montreal, QC H3C3J7, Canada  (3) Department of Pharmacology and Therapeutics, 
McGill University, Montreal, QC H3G1Y6, Canada 

Lipopolysaccharides (LPS) are amphiphilic molecules extracted from the membrane of 
Gram negative bacteria. They are known to induce inflammation in cells. We have 
functionalized hydrophobic luminescent quantum dots (QDs) with LPS in order to 
construct self-assembled and luminescent particles dispersible in aqueous media and 
tagged with unmodified LPS molecules. The morphology of the QD/LPS assemblies 
was examined by cryo-TEM. Asymmetrical flow field-flow fractionation was used to 
determine the size and size distribution of the QD/LPS nanoparticles and to assess their 
stability in various media. The interactions of macrophages and microglia with QD/LPS 
were monitored by confocal microscopy. Through the use of pharmacological inhibitors, 
we determined that LPS/QDs bind to the Toll-like receptor 4 (TLR4) which is known to 
participate in the LPS internalization and to initiate the signaling cascade involved in 
inflammation. 

COLL 559 

Zwitteration 

Joseph B. Schlenoff, schlen@chem.fsu.edu, Zaki G. Estephan, Layal L. Rouhana, 
David S. Salloum.Chemistry & Biochemistry, Florida State University, Tallahassee, FL 
32306, United States 

Zwitterions are hydrophilic but have zero net charge. The utility of surface zwitterionic 
coatings in preventing nonspecific protein adsorption has long been recognized, but it is 
only more recently that they have been employed as highly effective stabilizers for 
nanoparticles. Zwitterionic coatings have the potential for enabling efficient and long-
term circulation of therapeutic and/or diagnostic nanoparticles in vivo. Their mechanism 
for resistance to protein adsorption resistance is thought to be largely due to two 
factors: a hydrophilic surface, providing low and often positive enthalpies of adsorption; 
and a lack of exchangeable, or releasable, counterions at the surface, which removes 
entropic driving forces for adsorption. This talk will present various nanoparticle 
surfaces decorated with a high-performing sulfobetaine zwitterionic moiety. Zwitteration 
will be shown to be competitive to the well-known strategy of “PEGylation” - coating a 
surface with oligomeric or polymeric ethylene oxide units. 
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Effect of enzymatic degradation of poly-L-lysine in poly(acrylic acid-co-
acrylamide) microgels 

Ronja Månsson, ronja.mansson@farmaci.uu.se.Department of Pharmacy, Uppsala 
University, Uppsala, Sweden 

The effect of enzymatic degradation of poly-L-lysine of different molecular weights in 
poly(acrylic acid) microgels is under investigation. The enzyme used in this study to 
degrade poly-L-lysine is Trypsin whereas the microgel that the peptide is bound to is 
poly(acrylic acid-co-acrylamide). The microgel charge content is controlled by varying 
acrylic acid/acrylamide ratios. The study investigates the protective powers that 
poly(acrylic acid) microgel possible give the peptide against enzymatic breakdown. 
Microgel deswelling and reswelling in response to peptide binding and peptide 
degradation is studied by micromanipulator-assisted light microscopy and confocal 
microscopy. 

COLL 561 

One-step preparation of bioapplicable nanoparticles using branched copolymer 
nanoreactors 

Iain E. Dunlop, i.dunlop@imperial.ac.uk, Mary P. Ryan, Jonathan V.M. 
Weaver.Department of Materials, Imperial College London, London, London SW7 2AZ, 
United Kingdom 

Nanoparticles for biomedical applications usually need to carry a corona of polymer 
molecules to prevent aggregation and non-specific protein adsorption. In most cases, 
these polymers are added to presynthesized nanoparticles. An alternative approach is 
to  

use self-assembled stuctures similar to block copolymer micelles as nanoreactors to 
generate nanoparticles within a preexisting polymer corona. The challenge is to develop 
nanoreactors where the detailed mechanism of particle formation is well-understood, 
enabling first-principles design of nanoparticles with bespoke size, shape and polymer 
coating. 

We present a new approach that uses hydrophobic/hydrophilic pH-switchable branched 
copolymers as nanoreactors for synthesis of gold nanoparticles within a preexisting 
shell of the protein-resistant polymer poly(ethylene glycol). Using small-angle neutron 
scattering (SANS), we have characterised the internal structure of the nanoreactors 
before and after particle formation, shedding light on the mechanisms of particle growth 
and stabilisation. 
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Reductive degradation of poly(ethylene oxide)-S-S-poly(ε-caprolactone) 
assemblies for drug and siRNA delivery 

Núria Sancho Oltra, nurias@seas.upenn.edu, Karthikan Rajagopal, Dennis E 
Discher.Chemical and Biomolecular Engineering, University of Pennsylvania, 
Philadelphia, PA 19104, United States 

Polymeric assemblies have shown great potential in the delivery of drugs to cancerous 
cells. In particular, worm-like micelles from amphiphilic diblock copolymers represent a 
very attractive structure for this purpose due to both high drug loading per carrier and 
per polymer as well as longer in vivo circulation times compared to spherical 
assemblies.[1,2] The performance of polymeric carriers can in principle be enhanced by 
the introduction of functionalities responsive to disease environments such as a 
reductive environment found in tumors. Here, we describe a diblock copolymer 
containing a disulfide group connecting both blocks of poly(ethylene oxide)-S-S-poly(ε-
caprolactone), or PEO-S-S-PCL which self-assembles into worm-like micelles and 
undergoes degradation under reducing conditions. Fluorescence microscopy images 
show degradation at millimolar concentrations of the reducing agent dithiothreitol (DTT). 
Besides the delivery of hydrophobic drugs and the attachment of Near-Infrared dyes 
useful for in vivo imaging, this system can also be used to deliver siRNA by 
incorporating an oligonucleotide-S-S-PCL block copolymer in the assembly. The 
applicability of such a drug-delivery vehicle is significantly broadened by such 
responsive functionality. 

[1] D. A. Christian, S. Cai, O. B. Garbuzenko, T. Harada, A. L. Zajac, T. Minko, D. E. 
Discher, Mol. Pharm. 6: 1343-1352 (2009). 

[2] S.M. Loverde, M.L. Klein, D.E. Discher. Advanced Materials DOI: 
10.1002/adma.201103192 (2011). 
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Tunable ultrasound contrast agents: Polymerizable microbubbles 

Yoonjee Park1, yoonjeep@bu.edu, Adam C Luce1, Ragnhild D Whitaker1, Bhumica 
Amin1, Mario Cabodi1, Rikkert J Nap2, Igal Szleifer2, Robin O Cleveland3, Jon O Nagy4, 
Joyce Y Wong1.  (1) Department of Biomedical Engineering, Boston University, Boston, 
MA 02215, United States  (2) Department of Biomedical Engineering Chemistry of Life 
Processes Institute, Northwestern University, Evanston, IL 60208, United States  (3) 
Department of Mechanical Engineering, Boston University, Boston, MA 02215, United 
States  (4) NanoValent Pharmaceuticals, Bozeman, MT 59718, United States 



Monodisperse gas microbubbles, encapsulated with a shell of photopolymerizable 
diacetylene lipids and phospholipids, were produced by microfluidic flow focusing, for 
use as ultrasound contrast agents. The stability of the polymerized shell microbubbles 
against both aggregation and gas dissolution under physiological conditions was 
studied. Polyethylene glycol (PEG) 5000, which was attached to the diacetylene lipids, 
was predicted by molecular theory to provide more steric hindrance against aggregation 
than PEG 2000 and this was confirmed experimentally. The polymerized shell 
microbubbles were found to have higher shell-resistance than nonpolymerizable shell 
microbubbles and commercially available microbubbles (Vevo MicroMarker). The 
acoustic stability under 7.5 MHz ultrasound insonation was significantly greater than for 
the two comparison microbubbles. The acoustic stability was tunable by varying the 
amount of diacetylene lipid. Thus, our polymerized shell microbubbles are a promising 
platform for ultrasound contrast agents.  

 
 

COLL 564 

Triplet-triplet annihilation upconversion equipped nanocapsules for biological 
applications 

Christian Wohnhaas1, wohnhaas@mpip-mainz.mpg.de, Andrey Turshatov1, Volker 
Mailänder1,2, Melanie Dröge1, Dmitry Busko1, Stanislav Baluschev1,3, Katharina 
Landfester1.  (1) Department of Physical Chemistry of Polymers, Max Planck Institute 
for Polymer Research, Mainz, Rheinland-Pfalz 55128, Germany  (2) Department of 
Medicine (Third), University Medicine of the Johannes Gutenberg University, Mainz, 
Rheinland-Pfalz 55131, Germany  (3) Department of Optics and Spectroscopy, Faculty 
of Physics, Sofia University “St. Kliment Ochridski”, Sofia, Bulgaria 

Triplet-triplet annihilation upconversion (TTA-UC) is due to its gentle excitation 
possibilities the most logical choice for biological applications out of the field of different 
kinds of UC. Generally, UC is a physical process to convert low energy photons (NIR) 
into high energy ones (blue). By embedding the TTA-UC into some water-dispersed 
nanocapsules via miniemulsion process, the transfer from organic media to water based 
media was easily fulfilled. In our work we want to present different TTA-UC-capsule-
systems which are taken up by living cells. With the wide options of UC-dyes it is 
possible to shift the excitation wavelength into the NIR range to get perfect overlap with 
the natural transparency window of human skin and tissue to ensure deep penetration. 
These new capsules are well qualified for biological imaging due to high signal to noise 
ratio and low autofluorescence of cell with confocal laser scanning microscopy. 
Furthermore the local generation of blue photons possibly could be used for different 
bioapplications like FRET assays or multicolor targeting of cancer cells. 

COLL 565 

Probing polarization at protein-electrode interfaces 



Dawn Bonnell, bonnell@lrsm.upenn.edu, Kendra Kathan-Galipeau, Xi Chen.The 
University of Pennsylvania, Philadelphia, PA 19104, United States 

Novel approaches to energy harvesting and biosensing devices exploit optoelectronic 
processes found in proteins. However, in order to design such systems the proteins 
need to be attached to electrodes and the optoelectronic properties in non-liquid 
(ambient) environments must be understood at a fundamental level. Here we report the 
simultaneous detection of electron transport and the effect of optical absorption on 
dielectric polarizability in oriented peptide single molecular layers. This characterization 
requires a peptide design strategy to control protein/electrode interface interactions and 
a new method to probe electronic, dielectric, and optical properties at the single 
molecular layer level. The combination enables a quantitative comparison of the change 
in polarization volume between the ground state and excited state in a single molecular 
layer in a manner that allows spatial mapping relevant to ultimate device design. 

COLL 566 

Protein Adsorption at the Electrified Air−Water Interface: Implications on Foam 
Stability 

Björn Braunschweig, B.Braunschweig@lfg.uni-erlangen.de, Kathrin Engelhardt, Armin 
Rumpel, Johannes Walter, Wolfgang Peukert.Institute of Particle Technology, University 
Erlangen-Nuremberg, Erlangen, Germany 

The surface chemistry of ions, water molecules and proteins as well as their ability to 
form stable networks in foams can influence and control macroscopic properties such 
as taste and texture of dairy products considerably. Despite the significant relevance of 
protein adsorption at liquid interfaces, a molecular level understanding on the 
arrangement of proteins at interfaces and their interactions has been elusive. Therefore, 
we have addressed the adsorption of the model proteins bovine serum albumin (BSA) 
and β-lactoglobulin at the air−water interface with vibrational sum-frequency generation 
(SFG) and ellipsometry. SFG provides specific information on the composition and 
average orientation of molecules at interfaces, while complementary information on the 
thickness of the adsorbed layer can be obtained with ellipsometry. Adsorption of 
charged proteins at the water surface leads to an electrified interface, pH depending 
charging of the interface and electric field-induced polar ordering of interfacial H2O and 
proteins. Varying the bulk pH of protein solutions changes the intensities of the protein 
related vibrational bands substantially, while dramatic changes in vibrational bands of 
interfacial H2O are simultaneously observed. These observations have allowed us to 
determine the isoelectric point of BSA directly at the electrolyte−air interface for the first 
time. BSA covered water-air interfaces with a pH near the isoelectric point form an 
amorphous network of possibly agglomerated protein layer. Finally, we provide a direct 
correlation of the molecular structure of BSA interfaces with foam stability and new 
information on the link between microscopic properties of BSA at water surfaces and 
macroscopic properties such as the stability of protein foams. 



COLL 567 

Surface-enhanced resonance Raman scattering (SERRS) studies of the electron 
transfer redox active protein attached to thiol modified metal: Case of 
cytochrome c 

Agata Królikowska, akrol@chem.uw.edu.pl.Department of Chemistry, Pasteura 1, 
Warsaw University, Warsaw, Poland 

A review of the knowledge gathered on the electron transfer ET properties of 
cytochrome c (cyt c) anchored to thiol SAMs on metal by surface-enhanced resonance 
Raman scattering (SERRS) is presented. A special emphasis is put on the recognition 
of the structural properties of the linkage SAM responsible for effective ET. Strategies to 
attach the cyt c to SAM coated metal are described. General details of running 
electrochemical SERRS (EC-SERRS) experiment are provided. Structural information 
on SAM and attached cyt c envisaged with SER(R)S is given. A key role of substrate 
selection when comparing SERRS and electrochemical data is shown. Monolayer 
induced effects on structure, orientation and electronic properties of immobilized cyt c 
are discussed. Probing heterogenous ET with time resolved (TR) SERRS is explained. 
Conclusions regarding the mechanism of the ET of cyt c attached to alkanethiol SAM 
coated gold provided by the insight with SERRS spectroscopy are presented. 

COLL 568 

Single Molecule View of Electric Field Induced Conformational Switching of DNA 
on Gold Electrode 

Tao Ye1,2, tao.ye@ucmerced.edu, Eric A Josephs2, Gary Abel1.  (1) Chemistry and 
Chemical Biology, University of California, Merced, Merced, CA 95343, United States  
(2) Bioengineering and Small Technology Graduate Program, University of California, 
Merced, Merced, CA 95343, United States 

Surfaces that can actively regulate binding affinities or catalytic properties in response 
to external stimuli have been employed in biosensors and biomolecular separation 
technologies. Although electrical stimuli are appealing, a molecular-scale understanding 
of how biomolecules respond to electric fields has yet to emerge because these 
surfaces have mostly been characterized with techniques averaging over many 
molecules. Using electrochemical atomic force microscopy (AFM) and novel 
potentiodynamic imaging and analysis, we are able to follow the conformational 
changes of individual, short DNA molecules tethered to a gold electrode in response to 
an applied potential. Our study reveals conformations and dynamics that are difficult to 
infer from ensemble measurements: defects in the SAM significantly perturb 
conformations and adsorption/desorption kinetics of surface-tethered DNA; on the other 
hand, the SAM, may be actively molded by the DNA at different potentials. Our 
improved understanding of the conformations and dynamics of individual molecules on 



electrode surfaces has implications in developing robust, reproducible biosensors for 
ultra-sensitive detection. 

COLL 569 

In situ AFM and SFG studies on the hydrolysis reaction of lipid bilayer catalyzed 
by phospholipase A2 

Shen Ye, ye@cat.hokudai.ac.jp, HengLiang Wu, Le Yu, Aimin Ge, Yujin Tong, 
Masatoshi Osawa.Catalysis Research Center, Hokkaido University, Sapporo, Hokkaido 
001-0021, Japan 

The hydrolysis reaction of phospholipid bilayer catalyzed by a phospholipase A2 (PLA2) 
enzyme has been investigated by atomic force microscope (AFM) and sum frequency 
generation (SFG) observations at a molecular level. Based on the high catalytic 
selectivity of PLA2 toward L -enantiomer, different kinds of supported bilayers made of L 
- and D -dipalmitoylphophatidylcholine (DPPC) were prepared on mica surface by the 
Langmuir-Blodgett (LB) technique. AFM observations for L /L bilayer show that the 
hydrolysis rate for L -DPPC is significantly increased by PLA2 and most of the hydrolysis 
products are likely to leave substrate surface in 40 min. As D -entiomers are included in 
the bilayer, the hydrolysis rate is largely decreased. The hydrolysis preferentially occurs 
on the perimeters of structural defects in the bilayer surface while the bilayer structures 
are preserved during the hydrolysis process. Based on these observations, a novel 
kinetics model is proposed to quantitatively account for the hydrolysis of the 
phospholipid bilayers. 

COLL 570 

Divalent cation-induced cluster formation by polyphosphoinositides in model 
membranes 

Yu-Hsiu Wang1,2, yuwan@sas.upenn.edu, Agnieszka Collins3, Lin Guo1, Kathryn B 
Smith-Dupont1,6, Feng Gai1,6, Tatyana Svitkina3, Paul A Janmey2,4,5.  (1) Department of 
Chemistry, University of Pennsylvania, Philadelphia, PA 19104, United States  (2) 
Institute for Medicine and Engineering, University of Pennsylvania, Philadelphia, PA 
19104, United States  (3) Department of Biology, University of Pennsylvania, 
Philadelphia, PA 19104, United States  (4) Department of Physics and Astronomy, 
University of Pennsylvania, Philadelphia, PA 19104, United States  (5) Department of 
Physiology, University of Pennsylvania, Philadelphia, PA 19104, United States  (6) 
Graduate Group in Biochemistry and Molecular Biophysics, University of Pennsylvania, 
Philadelphia, PA 19104, United States 

Phosphatidylinositol-(4,5)-bisphosphate (PI4,5P2) controls many important cellular 
events. The hypothesis that PIP2 forms spatially distinct pools in the membrane by 
electrostatic interactions with intracellular divalent cations is tested here using model 
membranes. Competitive binding between Ca2+ and Mg2+ to PIP2 or its isomers is 



quantified by surface pressure measurements in monolayers and analyzed by a 
Langmuir competitive adsorption model along with a surface potential theory. Ca2+, but 
not Mg2+ or polyamines, induces a surface pressure drop which coincides with PIP2 
nano-cluster formation. Such cluster formation is also examined in bilayers either by 
steady-state probe-partitioning FRET or by studying PIP2 diffusion retardation using 
fluorescence correlation spectroscopy (FCS). The difference between Ca2+ and Mg2+ 
upon binding to PIP2 is potentially explained by spectroscopic studies using attenuated 
total reflection FTIR (ATR-FTIR). The fact that divalent metal ions have substantial 
effects on PIP2 lateral organization under their physiological concentrations may 
contribute to regulating PIP2-protein interactions. 

COLL 571 

ReaxFF studies on reactions between biomaterials and metal oxide surfaces 

Adri van Duin1, acv13@psu.edu, Sung-Yup Kim1, Kaushik Joshi1, Murali Raju1, 
Susanna Monti2.  (1) Department of Mechanical and Nuclear Engineering, Penn State, 
University Park, PA 16802, United States  (2) CNR-Institute of Chemistry and 
Organometallic Compounds, Pisa, Italy 

The ReaxFF method provides a highly transferable method for atomistic scale 
simulations on chemical reactions at the nanosecond and nanometer scale. It combines 
concepts of bond-order based potentials with a polarizable charge distribution. 
ReaxFF is currently used for applications to elements all across the periodic table, 
including all first row elements, metals, ceramics and ionic materials. 
In this presentation we will provide an overview of recent developments of the ReaxFF 
method for biomaterials, including peptides and organophosphates, and their 
interactions with metal and metal oxide surfaces. This includes an extension of the 
ReaxFF Glycine-description1 to all peptides and investigation proton transfer reactions 
on the interface between titania surfaces and water/peptide mixtures2.  
(1) Rahaman et al. Journal of Physical Chemistry B 2011, 115, 249. 
(2) Monti et al. Journal of Physical Chemistry C 2012, 116, 5141. 

COLL 572 

Copolymer vesicles with enhanced stability: ionic surfactant resistance 

Pierre Chambon1, p.chambon@liverpool.ac.uk, Adam Blanazs2, Steven Armes2.  (1) 
Chemistry, The University Of Liverpool, Liverpool, Merseyside L69 7ZD, United 
Kingdom  (2) Chemistry, The University Of Sheffield, Sheffield, South Yorkshire S3 
7HF, United Kingdom 

Surfactant resistant copolymer vesicles are synthesised by Reversible Addition-
Fragmentation chain Transfer (RAFT) aqueous dispersion polymerization followed by a 
stabilization protocol based on epoxy/amine chemistry and the addition of cheap 
commercial cross-linkers. Polymerization-induced self-assembly of poly(glycerol 



methacrylate)-b-poly(2-hydroxypropyl methacrylate) under RAFT aqueous dispersion 
conditions has been recently established. This method leads to the formation of well-
defined block copolymer vesicles at high solid content. However, the addition of ionic 
surfactants on such objects causes vesicle dissolution. The addition of diamine cross-
linkers on poly(glycerol methacrylate)-b-poly(2-hydroxypropyl methacrylate-stat-glycidyl 
methacrylate) diblock copolymer vesicles confers a significant resistance toward such 
surfactants. Furthermore, these new cross-linked polymer vesicles exhibit cationic 
character (positive zeta potential of approximately 20 mV) and remarkable 
morphologies compared to the relatively smooth and featureless original linear vesicles. 
In addition, a new “one-pot” cross-linking strategy which take advantage of the presence 
of living RAFT chain ends in the polymer vesicle membrane will also be discussed. 

COLL 573 

Microemulsion mathematical model: Concept of negative interfacial tension 

Nabil Naouli, nnaouli@hotmail.com.Innovation, Drug Research and Technology 
Transfer, Wilmington, DElaware 19808, United States 

Water-in-oil microemulsions with were formulated using the titration method. The free 
energies of the microemulsions formation were determined using the Gibbs equation. 
Free energy value obtained from the titration method showed a high degree of 
agreement with the free energy predicted by the mathematical model when 
experimental value for the interfacial tensions at the water/oil interface are closed to 
zero (concept of zero interfacial tension). A minimum stable free energy of 
microemulsion is obtained when free energy of formation of the interfacial sheath, 
natural radius of the microemulsion, flexibility constant of the interfacial sheath, and 
maximum and minimum radii of the microemulsion were inserted in the appropriate 
equation. This finding validates the concept of the zero interfacial tension, and offers 
evidence of the important roles played by the interfacial tension at the water/oil interface 
and the flexibility of the interfacial sheath in microemulsion formation and stability. 

COLL 574 

Unique self-assembly behaviors of macroions in dilute solutions 

Dong Li, dol207@lehigh.edu.Department of Chemistry, Lehigh University, Bethlehem, 
PA 18015, United States 

Macroions (2 - 10 nm) behave quite differently from simple ionic salts or colloidal 
systems in solution. In this size range and with moderate charge, they tend to slowly 
self-assemble into a single-layered, spherical, hollow, “blackberry” type structure. Both 
macroanions and macrocations form the similar blackberry structures which indicate it is 
a universal phenomenon. The driving forces for the blackberry structure formation are 
believed to be the counterion mediated attraction and hydrogen bonding, but not 
through chemical bonds or van der Waals attractions. Interestingly, counterion mediated 



attraction has been proposed and tested in biological systems with limited examples. 
Our studies of the counterion distribution of Hepatitis B viral capsids have shown the 
importance of charge effect during their self-assembly process. Furthermore, by 
functionalizing giant inorganic polyoxometalate macroions with organic groups, a new 
family of hybrid surfactants are achieved which provide great potentials toward 
developing new materials for catalysis, polymerization, drug delivery and medicines.  

 
 

COLL 575 

Structure-behavior-property relationship study of nonionic-anionic surfactants 
with inorganic salts additives at liquid/liquid interface 

he xiujuan, hexj.sshy@sinopec.com, li yingcheng, liyc.sshy@sinopec.com, Gao lei, 
gaol.sshy@sinopec.com, li xiaofeng, lixf.sshy@sinopec.com.Sinopec Shanghai 
Research Institute of Petrochemical Technology, shanghai, shanghai 201208, China 

A multiscale study of sodium fatty alcohol polyoxyethylene ether carboxylate(AEC) 
behaviors at dodecane/water interface influenced by inorganic salts NaCl, CaCl2 and 
MgCl2 was conducted，to investigate the relationship of surfactant-salt molecular 
behavior and interfacial monolayer configuration to interfacial tension properties. Using 
a full-atom model, contrasted distributions of various salts at interface and in aqueous 
solutions were observed. All the Ca2+ were found aggregated at interface, compared 
with only 50% Mg2+ and 20% Na+. Compositions of surfactants-salts-water complex 
surrounding different cations were found to be in two categories: (i) only water 
molecules were involved in Na+ complexation, (ii) the octahedral complexation of 
divalent cation was generated by participation of surfactant headgroup and water 
molecule, following the formula [Ca(AEC)4(H2O)2]2+ and [Mg(AEC) (H2O)5]2+. This 
stronger surfactants-Ca2+ interaction makes surfactant more lipophilic, and thus 
decreases interfacial tension to ultra-low at first and then increased with the increase of 
CaCl2 concentration. 

COLL 576 

Light scattering study of the contrasting interaction between ionic surfactants 
and neutral polymers 

Zifu Zhu, zzhu@tulane.edu, Wayne F Reed, Alina M Alb.Department of Physics and 
Engineering Physics, Tulane University, New Orleans, Louisiana 70118, United States 

The motivation for this work is to study the behavior of ionic surfactants and the way is 
influenced by the interaction with neutral polymers near the critical micelle concentration 
(CMC) by light scattering (LS). 



The behavior of anionic sodium dodecyl sulfate and cationic dodecyl trimethyl 
ammonium chloride surfactants and their interaction with several neutral polymers were 
investigated, in two concentration regimes, with respect to the surfactant: around CMC, 
with focus on the effects the polymer on the large surfactant structures observed in this 
region; and above CMC, studying the type of association among all components. 

Extensive static light scattering studies consistently yielded a light scattering peak in the 
vicinity of the CMC for both surfactants caused by structures much more massive than 
micelles. Strong differences among the effects of the different polymers added to the 
surfactant solutions, due to the fact the different mechanisms of the polymer-surfactant 
interaction, are discussed. 

COLL 577 

Charge-driven selective adsorption of ionic surfactants on graphene oxides 
visualized by liquid cell AFM 

A. Jaeton Glover1, arthurjglover@gmail.com, Douglas H. Adamson2, Hannes C. 
Schniepp1.  (1) Department of Applied Science, The College of William & Mary, 
Williamsburg, VA 23185, United States  (2) Institute of Materials Science, University of 
Connecticut, Storrs, CT 06269, United States 

Graphene oxide (GO) nanosheets are semiconductors with a bandgap tunable via the 
C:O ratio. Unfortunately, the oxidation reaction used to produce GO yields sheets with 
highly variable degrees of oxidation. Using liquid-cell atomic force microscopy, we 
demonstrate that ionic surfactants selectively adsorb onto sheets according to their 
oxidation state. We visualize the surfactant aggregates with <5 nm resolution providing 
detailed information about the GO surface chemistry. We are currently investigating this 
phenomenon for post-production separation of precisely defined bandgap materials. 

 
 

COLL 578 

Molecular factors contributing to the assembly of emulsifying agents at the oil-
water interface 

Jennifer K. Hensel, jennyh@uoregon.edu, Hristina A. Staleva, Geraldine L. 
Richmond.Department of Chemistry, University of Oregon, Eugene, Oregon 97403, 
United States 

Emulsions are of great interest in the food, cosmetic and water remediation industries 
where two immiscible liquids are mixed. Emulsions can be stabilized with a variety of 
simple alkyl surfactants, polymers and nanoparticles, with the latter two being potentially 
less toxic and more irreversibly adsorbed, respectively. This presentation will report our 
recent results that compare how the molecular structure, hydrophobicity and charge 



play a role in the adsorption of these different emulsifiers at an oil-water interface, with a 
particular focus on nanoparticle assembly at oil-water interfaces. The studies involve a 
combination of experimental spectroscopic (vibrational sum frequency spectroscopy) 
and thermodynamic (surface tension) measurements. 

COLL 579 

Efficient molecular modeling approaches for surfactant self-assembly 

Arben Jusufi, arben.jusufi@csi.cuny.edu.Department of Chemistry, College of Staten 
Island - The City University of New York, New York, NY 10314, United States 

The modeling of self-assembly phenomena of amphilic molecules through molecular 
simulations is a challenging task due to the long time scales (>1µs) and low critical 
micelle concentrations (cmc) that typically lie below 10mM. Hence, the development of 
creative modeling and methodologies becomes essential. We present approaches 
ranging from implicit to explicit solvent coarse-grained surfactant models that allow the 
study of micellelization properties such as the aggregate size and cmc of various 
surfactant types. A main focus of the presentation lies on a mean-field (MF) theory that 
is utilized to verify the capability of Molecular Dynamics simulations to reproduce 
realistic cmc values without performing such simulations at cmc conditions. We apply 
the MF approach on an explicit solvent surfactant model and validate the quality of its 
forcefield. The presented models open novel avenues to realistically simulate self-
assembly processes of more complex amphiphilic molecules, such as lipids and block-
copolymers. 

COLL 580 

Preparation of covalently conjugated nanocomposites through self-assembly 
between functionalized gold nanoparticles and polymers 

Joon-Seo Park, jpark6@eastern.edu, Lyudmila Kravets, Tara Schisler.Department of 
Chemistry, Eastern University, St. Davids, PA 19087-3696, United States 

This presentation describes the synthesis of a covalently conjugated nanocomposite 
through self-assembly between functionalized gold nanoparticles and polymers. 
Carboxylic acid-terminated gold nanoparticles were synthesized by a ligand exchange 
reaction of citrate-stabilized gold nanoparticles with thioctic acids, and the subsequent 
self-assembly of the nanoparticles with polyethyleneimine (PEI) polymer or 
polyamidoamine (PAMAM) dendrimer was investigated. The condition for the formation 
of core-shell gold-polymer self-assembly was optimized and the self-assembled 
nanocomposites were covalently conjugated at the interface between gold nanoparticles 
and polymers. The synthesized nanoparticles and nanocomposites were characterized 
by UV-vis spectrophotometry, transmission electron microscopy (TEM), dynamic light 
scattering (DLS), and infrared spectroscopy. These nanocomposites are being 



developed for their biomedical applications such as targeted diagnostic imaging and 
therapy. 

COLL 581 

Self-assembly behaviors and polymerized aggregates of conjugated linoleic acid 

Fan Ye, fanye1108@126.com, Ma Lin, Fang Yun.School of Chemical & Material 
Engineering, Jiangnan University, Wuxi, Jiangsu 214122, China 

The Self-assembly behaviors of conjugated linoleic acid (CLA) at different pH were 
investigated. The cmc and γcmc of conjugated linoleate at pH 13 were 0.4236 mmol•L-1 
and 30.77 mN•m-1, and the suface activity of CLA was improved with the decrease of 
pH value which reveals the potential for fabricating vesicles. Various polymerized 
aggregates were obtained by thermal polymerization from the self-asssemblies of 
conjugated linoleic acid (CLA) at different pH. That is, polymerized micelles of 10-20 nm 
in diameter at pH 13 were observed by TEM and unilamellar vesicles of 20-50 nm in 
diameter were obtained at pH 8.6, which shows a potentially indirect method to detect 
morphology and size of surfactant micelles and exhibits a prospect application in drug 
release. 

COLL 582 

Autocatalysis of mixed self-assembled monolayers containing amine-terminated 
precursors 

Xavier Bulliard, xavier.bulliard@samsung.com, Anass Benayad, Soo-Ghang Ihn, 
Sungyoung Yun, Jong-Hwan Park, Woong Choi, Yeong Suk Choi, Yungi Kim.Samsung 
Advanced Institute of Technology, Samsung Electronics, Yongin, Gyeonggi-do 446-712, 
Republic of Korea 

The change of composition of mixed self-assembled monolayers (mixed SAMs) is an 
efficient approach to tune the surface properties of materials. This route was for 
example successfully applied to organic solar cells for morphology and voltage control. 
The formation of mixed SAMs depends on different factors including the preferential 
absorption of molecular precursors at the surface, their kinetics of reaction or micro-
phase separation. In this study we report on the autocatalysis of mixed SAMs by one of 
the precursors as an additional mechanism that can strongly affect their formation. By 
mixing reactive precursors carrying an amine functional group with non-reactive 
precursors, we show that the final composition of mixed SAMs might strongly deviate 
from the initial composition of precursor solutions. Surface energy and XPS 
characterizations were used to evaluate the surface coverage, which directly depends 
on the presence of the amine precursor. A detailed mechanism for the autocatalysis is 
presented. 

COLL 583 



Study of partially miscible systems with different pressure gradients 

Gloria Viner1, g_viner@yahoo.com, Wonjae Choi1, Carlos Ho1, John A. Pojman2.  (1) 
Department of Mechanical Engineering, University of Texas at Dallas, Dallas, TX 
75080, United States  (2) Department of Chemistry, Louisiana State University, Baton 
Rouge, LA 70803, United States 

To determine a better method of measuring interfacial tension (IT) of partially miscible 
systems, we studied the behavior of three different partially miscible systems using 
spinning drop tensiometry (SDT), pendant drop method, and microfluidic device: one 
with an upper consolute point; another with a lower consolute point; a third partially 
miscible but not near a consolute point. With SDT and pendent drop, we measured IT at 
different temperatures and saturation levels with different pressure gradients. For some 
systems, IT was dependent on temperature with the range differentiating with the 
method used. We observed a wide range of behaviors for these liquid-liquid mixtures 
including similar ones (simple end pinching and sharp concentration gradients) and 
different ones (laminar flow at the consolute point for pendant drop method but not 
SDT). We conclude that pressure gradients and method selection can cause different 
behaviors for partially miscible systems and affect the value of IT. 

COLL 584 

Modeling of nanoparticle motion in an incompressible Newtonian fluid: a 
comparison between fluctuating hydrodynamics and generalized Langevin 
approaches 

Ravi Radhakrishnan, rradhak@seas.upenn.edu, Uma Balakrishnan, David Eckmann, 
Portonovo Ayyaswamy.Institute of Targeted Medicine and Therapeutics, University of 
Pennsylvania, Philadelphia, PA 19104, United States 

In order to obtain an accurate description of nanocarrier dynamics in the bloodstream 
and near wall interactions, we have developed a formalism where both the Brownian 
motion as well as the hydrodynamic interactions are important. We employ a direct 
numerical simulation adopting an arbitrary Lagrangian-Eulerian based finite element 
method to simulate the Brownian motion of nanocarrier in an incompressible Newtonian 
fluid. Thermal fluctuations are implemented using two dierent approaches: (1) 
fluctuating hydrodynamics approach; (2) generalized Langevin appproach. At thermal 
equilibrium, the numerical predictions for temperature of the nanoparticle, velocity 
distribution of the particle, decay of the velocity autocorrelation function, diffusivity of the 
particle and particle-wall interactions in the presence and absence of adhesive 
interactions are computed for various flow conditions. 

COLL 585 

Direct Nanomechanical Measurement of an Anchoring Transition in a Nematic 
Liquid Crystal Subject to Hybrid Anchoring Conditions 



Bruno Zappone1, Marina Ruths2, marina_ruths@uml.edu.  (1) CNR-IPCF Liquid Crystal 
Lab, University of Calabria, Rende, Italy  (2) Department of Chemistry, University of 
Massachusetts Lowell, Lowell, MA 01854, United States 

A Surface Forces Apparatus was used to measure the normal force between two solid 
surfaces confining a film of nematic liquid crystal (5CB) under hybrid planar-
homeotropic anchoring conditions. Upon reduction of the surface separation D, an 
increasingly repulsive force was measured in the range D = 35-80 nm, reaching a 
plateau in the range D = 10-35 nm, and followed by a short-range oscillatory force at D 
< 5 nm. The oscillation period was characteristic of a configuration with the molecules 
parallel to the surfaces. These results show that the director field underwent a 
confinement-induced transition from a splay-bend distorted configuration at large D, 
which produces elastic repulsive forces, to a uniform planar configuration with broken 
homeotropic anchoring. These findings, supported by measurements of the 
birefringence of the confined film at different film thicknesses, provide the first direct 
visualization of an anchoring transition at the nanometer scale. 

COLL 586 

Forces Between Hydrophobic Solids in Aqueous Salt Solution 

William Ducker, wducker@vt.edu, Dean Mastropietro.Chemical Engineering, Virginia 
Tech, United States 

We show that that the force between high contact-angle solids in concentrated salt 
solution (1 M KCl) agrees very well with the van der Waals forces calculated from 
Lifshitz theory for separations greater than 5 nm. The hydrophobic solids are 
octadecyltrichlorosilane-coated glass, with an advancing contact angle of 108°. Thus, in 
1 M salt solution, it is unnecessary to invoke the presence of an additional “hydrophobic 
force” at separations greater than 5 nm. Through measurement in salt solution, we 
avoid the necessity of accounting for large electrostatic forces that frequently occur in 
pure water and may obscure resolution of other forces. In more dilute salt solution, the 
forces are described by double-layer and van der Waals forces, but the ability to resolve 
any “additional” hydrophobic forces is diminished by the presence of the double-layer 
force. 

COLL 587 

Enhancement of stability of microbubbles as ultrasound contrast agents 

Emine Aysu Sagdic, Elif Seniz Bolukcu, Derya Kose, Ekrem Ozdemir, Sevgi Kilic 
Ozdemir, sevgikilic@iyte.edu.tr.Chemical Engineering Department, Izmir Institute of 
Technology, Izmir, Turkey 

Ultrasound is widely used in clinical settings for diagnosis of diseases. The only 
weakness of ultrasound comes from its poor image quality when the sound encounters 



fatty tissues along its pathway. Microbubbles, injected intravaneously, are aqueous 
suspension of micron-sized gas-filled spheres surrounded by a shell of phospholipids. 
Use of ultrasound contrast agents enables clinician to improve the diagnostic 
capabilities of ultrasound. Microbubbles can also be targeted with ligands or antibodies 
specific to a receptor of interest and thus can be used as drug/gene delivery vehicles. 
Besides, enhancement of drug delivery due to sonoporation and real-time monitoring of 
the tissue during drug release renders ultrasound contrast agents more attractable 
when compared to other systems such as liposomes, micelles, nanoparticles etc. These 
all require the microbubbles remain persistance for sufficient time in the blood stream. 
In this talk, we will present our recent findings on the stable microbbuble design. 

COLL 588 

Mechanical reinforcement of nanoparticle thin films using atomic layer deposition 

Lei Zhang1, leizhan@seas.upenn.edu, Majemite I Dafinone1, Jacob Prosser1, Gang 
Feng2, Daeyeon Lee1.  (1) Department of Chemical and Biomolecular Engineering, 
University of Pennsylvania, Philadelphia, PA 19104, United States  (2) Department of 
Mechanical Engineering, Villanova University, Villanova, PA 19085, United States 

Thin films composed of nanoparticles exhibit synergistic properties, making them useful 
for numerous advanced applications. Nanoparticle thin films (NTFs), however, have a 
very low resistance to mechanical loading and abrasion, presenting a major bottleneck 
to their widespread use and commercialization. High-temperature sintering has been 
shown to improve the mechanical durability of NTFs on inorganic substrates; however, 
these high-temperature processes are not amenable to organic substrates. In this study, 
we demonstrate that the mechanical durability of various nanoparticle thin films on glass 
and polycarbonate substrates can be drastically improved using atomic layer deposition 
(ALD) at a relatively low temperature. More importantly, ALD-reinforced nanoparticle 
films retain the original functionality such as superhydrophilicity and antireflection 
properties, demonstrating the utility of ALD as a reinforcement method for nanoparticle 
thin films. Furthermore, we investigate the effect of ALD materials on the mechanical 
properties of NTFs by nanoindentation. We demonstrate that the mechanical properties 
of ALD-reinforced NTFs strongly depend on the mechanical properties of ALD materials 
rather than the compositional matching between ALD and nanoparticle materials. Our 
study also illustrates that mechanical testing of ALD-reinforced NTFs using 
nanoindentation provides a straightforward method to characterize the mechanical 
properties of ultrathin ALD thin films. 

COLL 589 

Switching behavior of a chemisorbed azobenzene derivative in STM fields: A 
theoretical perspective 

Chris Chapman, Irina Paci, ipaci@uvic.ca.Department of Chemistry, University of 
Victoria, Victoria, British Columbia V8W 3V6, Canada 



One of the main objectives of nanoscale research is the bottom-up creation of devices 
with complex functions. When the device is supported on a solid surface, the impact of 
the substrate has to be considered in designing the self-assembly process. Theoretical 
investigations of surface adsorption, self-assembly, and the properties of the resulting 
materials are challenging. This is because quantum mechanical information about the 
molecules, the surface, and their interactions must ultimately be incorporated in bulk 
simulations. This talk will describe our group's efforts in advancing the understanding of 
the field-induced switching in mixed alkylthiol/azobenzene monolayers. The results of 
our sequential multiple-scale approach to examine the field and density dependence of 
the switching process will be discussed. 

COLL 590 

Metal-organic coordinated multilayer films: Quantitative analysis of composition 
and structure by PIXE, RBS, and SPM 

Meagan B Elinski, Mary E Anderson, meanderson@hope.edu.Department of 
Chemistry, Hope College, Holland, MI 49423, United States 

Metal-organic coordinated multilayers are self-assembled thin films fabricated by 
alternating solution-phase deposition of bifunctional organic molecules and metal ions 
(herein studied are α,ω-mercaptoalkanoic acid and Cu (II) ). While seemingly a simple 
hierarchical architecture, internal structure and composition have not been 
unambiguously established. Previous studies by others employed surface IR 
spectroscopy and x-ray photoelectron spectroscopy, but due to limitations inherent to 
these techniques did not look at films more than 3 or 4 layers. Our study has 
investigated film thicknesses up to 30 layers using Particle Induced X-ray Emission 
(PIXE) and Rutherford Backscattering Spectrometry (RBS). The average layer density 
is comparable to literature values established for a self-assembled monolayer. Both 
techniques show a linear increase in copper concentration with increasing film 
thickness; and RBS indicates a 2-to-1 copper-to-molecule ratio, which deviates from the 
previous studies. Films have also been thoroughly characterized by contact angle 
goniometry, ellipsometry, and scanning probe microscopy (SPM). SPM investigations 
reveal discontinuous film growth (islanding) in the initial few layers, but this does not 
result in a significant increase of surface roughness for subsequent layers. This study 
reveals a structure that deviates from previous findings that focused on the first few 
layers, which has implications for their applications in fields such as photonics and 
nanolithography. 

COLL 591 

Morphology-controllable preparation of zinc oxalate in the emulsion liquid 
membrane system (ELM) 

Rui Zhao, zhaoruidut@gmail.com, Gaohong He, hgaohong@dlut.edu.cn, Xiangcun Li, 
Wenji Zheng, Lin Li, Chunxu Dong.State Key Laboratory of Fine Chemicals, Research 



and Development Center of Membrane Science and Technology, School of Chemical 
Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China 

Templating role of surfactant molecule self-assembly is widely utilized for preparing 
various morphology nanomaterials. However, as a similar oil-water-surfactant system, 
ELM is always reported to control the size of particles at the micron level rather than 
morphology because of its relatively large size. In this work, we confirm the submicron 
zinc oxalate is constructed by primary particles of dozens of nanometers in size using 
XRD, SEM and HRTEM. Primary particles anchored surfactant molecule on the surface 
exhibits a strong tendency to self-assemble into one dimension ordered array firstly and 
then higher dimensional close-packed superlattic because interparticle potential is 
appropriate for chainlike aggregation until situation changes. Based on this mechanism, 
we achieve the intertransformation between rod-like and plate-like through controlling 
the size of internal water droplet to change the chance of head-on collisions. The 
authors thank the support of National Science Fund for Distinguished Young Scholars of 
China (Grant No. 21125628). 

COLL 592 

A new Se precursor for selenide-containing nanomaterials 

Yi Pan, ypan@sci.ccny.cuny.edu, Yadi Li, Henan Zhang, John R Lombardi.Department 
of Chemistry, The City College of New York, New York, New York 10031, United States 

A new Se precursor, SeTDE--selenium dissolved in 1-tetradecene (TDE), was 
developed for the non-injection synthesis of selenide-containing nanomaterials. 
Monodisperse MnSe, PbSe, and ZnSe nanocrystals were synthesized using the 
respective metal chlorides with oleylamine as metal precursors and SeTDE as Se 
precursor. PbSe quantum dots and graphene oxide nanocomposites were also 
fabricated by a one-pot approach using SeTDE as the Se precursor. 

 

 
 

COLL 593 

Control of Specific and Non-Specific Binding Forces in Formation of Single 
Molecule Arrays for Use in DNA Sequencing. 

Michael J. Barrett, barrett@lehigh.edu, Peng Cheng, Piercen Oliver, Dmitri 
Vezenov.Department of Chemistry, Lehigh University, Bethlehem, PA 18015, United 
States 

Non-specific binding of microscopic particles can either be a hindrance to experiments 
or necessary to fix particles to surfaces. For particle tracking experiments, it is 



necessary to specifically bind a particle to a surface by a bridging biomolecule (DNA or 
protein). In this case, it is necessary to have weak attractive forces to bring the 
microsphere close to the surface for attachment to the molecular tether itself, but not so 
close that it binds permanently to supporting solid surface. With the goal of constructing 
single-molecule/single-bead arrays, we present results from both non-specific and 
specific binding experiments in order to systematically determine the importance of the 
systems properties on particle binding. We compare those trends to theoretical 
calculations of the binding forces. These results are validated by force spectroscopy 
experiments of particles on various surfaces. We then create a 'binding roadmap' 
enabling consistent tethering of microspheres for particle tracking application. 

COLL 594 

Directed growth of DNA tile nanotubes from self-assembled seed structures 

Rebecca Schulman, rschulm3@jhu.edu, Abdul Majeed Mohammed.Chemical and 
Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 21218, United 
States 

A central goal of self-assembly and supramolecular chemistry is to 
design complex, dynamic molecular assemblies with defined shape, 
orientation and position. While DNA-based techniques such as DNA 
origami have enabled the self-assembly of intricate, programmed 
shapes, the design of dynamic DNA-based self-assembly processes, where 
we control the assembly process as well as the final product, are 
still challenging. Such techniques would allow the assembly of 
materials that can, for example, change shape or reassemble. 
 
We report the control of DNA nanotube assembly using designed "seed" 
structures, self-assembled "origami" structures bearing a 
nanotube-like facet. We show via time-lapse fluorescence and atomic 
force microscopy that in the presence of seeds, nanotubes nucleate 
primarily from seeds and grow via elongation at their free end. By 
positioning seeds we can also direct nanotube growth at defined 
locations. Such a process could be used to, for example, direct the 
in-position assembly of scaffolds for nanowires. 

COLL 595 

Programmable assembly of DNA and nanomaterial structures 

Risheng Wang1, rw2399@columbia.edu, Colin Nuckolls1, Shalom Wind2.  (1) 
Chemistry, Columbia University, New York, NY 10027, United States  (2) Applied 
Physics and Applied Mathematics, Columbia University, New York, NY 10027, United 
States 



DNA as a structural nanomaterial has been the subject of intense interest for the past 
20 years. The use of DNA to assemble functional nanostructures has become a 
multidisciplinary field; however, technical challenges and new problems have arisen in 
the pursuit of more advanced structures and potential applications. Two critical issues 
are: (1) how to effectively create larger origami superstructures; and (2) how to organize 
heterogeneous elements in precise and controllable fashion. Here, we demonstrate that 
DNA origami scaffolds can be ligated to form larger structures by the addition of 
magnesium salts, which allows efficient assembly along the vertical edges of the 
origami. This provides a potential route for the formation of larger arrays. In addition, we 
present the heterogeneous organization of semiconducting quantum dots (QDs) and 
gold nanoparticles (AuNPs) on a single DNA origami template [schematic (a), AFM 
image (b)]. Controllable assembly of heterogeneous nanomoeities opens new 
opportunities for the creation of complex nanoassemblies which can display unique 
properties based on programmable interactions between electrooptically active 
constituents. 

 
 

COLL 596 

RNA-mediated gene assembly from DNA arrays 

Cheng-Hsien Wu, chw@chem.wisc.edu, Lloyd M. Smith.Chemistry, University of 
Wisconsin-Madison, Madison, WI 53706, United States 

A strategy is presented for RNA-mediated gene assembly from oligonucleotide 
sequences on a DNA array. In contrast to previously reported approaches in which the 
oligonucleotides themselves serve as the building blocks for hybridization-based gene 
assembly, we append a T7 promoter to each surface-bound oligonucleotide and 
produce many RNA copies of each with T7 RNA polymerase. These RNA molecules 
self-assemble into the desired full-length transcript by hybridization and ligation, which 
is then converted into dsDNA by reverse transcription PCR. This single-day gene 
assembly technology was demonstrated in synthesis of the gene encoding a 231-
amino-acid green fluorescent protein. Sequence fidelity and functionality of the 
synthesized gene were evaluated via Sanger sequencing and in vitro protein 
expression. A 40% yield of the correct gene sequence was obtained. 

COLL 597 

Silica-supported gapped carbon nanotube for DNA characterization 

Alfredo D Bobadilla1,2, alfdoug@tamu.edu, Jorge M Seminario1,2,3.  (1) Department of 
Chemical Engineering, Texas A&M University, College Station, Texas 77843-3122, 
United States  (2) Department of Electrical Engineering, Texas A&M University, College 
Station, Texas 77843-3128, United States  (3) Materials Science and Engineering 
Graduate Program, Texas A&M University, College Station, Texas 77843, United States 



We employ a coarse-graining approach with explicit electrostatics to model a ssDNA 
molecule reducing the complexity of a nucleotide to six effective interaction sites and 
preserving the asymmetry in the backbone. The coarse-graining approach for the 
solvent consisted of uncharged ions, a monoatomic model for water and a Stillinger–
Weber potential to describe intermolecular interactions. These coarse-grained 
interactions were optimized to reproduce the solvation structure of water and ions 
around DNA. 

 

 
 

COLL 598 

Morphological Diversity, Transition, and Control of Micelles of an ABC Triblock 
Copolymer Containing a Liquid-Crystalline Block 

Guojun Liu, gliu@chem.queensu.ca, Xiaoyu Li, Yang Gao.Chemistry, Queen's 
University, Kingston, Ontario K7L 3N6, Canada 

Poly(acrylic acid)-block-(2-cinnamoyloxylethyl methacrylate)-block-poly(perfluorooctyl 
ethyl methacrylate), PAA-b-PCEMA-b-PFOEMA, forms cylindrical micelles at room 
temperature in α, α, α-trifluorotoluene and methanol over a wide range of solvent 
compositions, at which PAA is soluble and PCEMA and PFOEMA are insoluble. Heating 
the micelles at 70 oC, which is above the smectic A to disorder transition temperature for 
the liquid crystalline PFOEMA block, the cylinders transform into vesicular micelles. The 
vesicles are reverted within 1 h to cylinders after the sample is cooled to room 
temperature. Heating the cylinders to 50 oC renders the cylinders flexibility and causes 
their cyclization into torroidal, triangular, and square micelles. More interestingly, PAA-
b-PCEMA-b-PFOEMA and PtBA-b-PCEMA-b-PFOEMA with PtBA denoting poly(tert-
butyl acrylate) can be mixed during the vesicle to cylinder conversion to yield blocky 
cylinders, which are enriched by the two polymers at different sections. These results 
demonstrate the diversity and inter-conversion of the micellar morphologies of this 
triblock copolymer and our control over its self-assembly behavior. 

COLL 599 

Controlled growth of crystalline poly(ethylene oxide)-block-polycaprolactone 
lamellae in an aqueous environment 

Georgios Rizis, georgios.rizis@mail.mcgill.ca, Adi Eisenberg, Theodorus G.M. van de 
Ven.Department of Chemistry, McGill University, Montreal, Quebec H3A 0B8, Canada 

Micelles of poly(ethylene oxide)-block-polycaprolactone (PEO-b-PCL) have shown great 
potential for use in drug delivery applications, but are prone to aggregation during 
storage. A careful investigation of this process has revealed that the micelles undergo 



an ordered series of morphological transformations. This study describes these 
transformations and their connection to crystallization within spherical micelle cores. 
Results show evolution with time from spherical micelles to rod, ribbon and lamellar 
products over the course of several days, with evolution profiles varying as a function of 
the composition of the copolymers from which micelles were prepared. These higher-
order structures are held together by co-crystallization between much smaller 
crystallites within spherical micelle precursors. Moreover, the incorporation of PCL 
homopolymer additives into the micelle core upon preparation was found to promote 
rearrangement towards well-defined lamellar objects. The use of such additives 
modulates crystallinity within the spherical precursors, thus offering control over the 
products obtained. 

 

 
 

COLL 600 

Polymer Architectures and Nanostructures Generated via Living Radical 
Polymerization 

Michael Monteiro, m.monteiro@uq.edu.au.Australian Institute for Bioengineering and 
Nanotechnology, The University of Queensland, Brisbane, Queensland 4072, Australia 

Polymers with designer architectures prepared by 'living' radical polymerization (LRP) 
have recently invoked the interest of academia and industry. The various architectures 
that can be prepared in bulk or solution are now left up to the imagination, and 
moreover the applications for such architectures are slowly being realized over a wide 
area of industries. 'Living' radical polymerization offers the possibility for the preparation 
of well-defined polymer architectures with novel microstructures. Importantly, these 
architectures can be made through self-aggregation or direct preparation in a water 
environment, which opens up a new class of polymer materials for use as specialty 
polymers in the biomedical area. 

The seminar will present work on the synthesis of complex polymer architectures using 
LRP and 'click' coupling reactions and their self-aggregation in water. Examples will be 
given for the use of such nanostructures in biological applications. We will also report a 
new approach to control the formation of a variety of 3D structures at high weight 
fractions of polymer in water from a single diblock. 

 

 
 

COLL 601 



Surface-assembled Photosystem I as a biomolecular reactor toward solar energy 
conversion 

Amy K Manocchi1, David R Baker1, James J Sumner1, james.j.sumner4.civ@mail.mil, 
Scott S Pendley2, Margaret M Hurley2, Kang Xu2, Barry D Bruce3, Cynthia A Lundgren1.  
(1) Sensors and Electron Devices Directorate, US Army Research Laboratory, Adelphi, 
MD 20783, United States  (2) Weapons and Materials Research Directorate, US Army 
Research Laboratory, Aberdeen Proving Ground, MD 21005, United States  (3) 
Department of Biochemistry, Cellular and Molecular Biology, and Department of 
Chemical and Biomolecular Engineering, University of Tennessee, Knoxville, TN 37996, 
United States 

Fuel transport convoys present large safety risks to soldiers in the field; however these 
risks could be significantly decreased if energy was generated on demand. Although 
there are countless studies on the conversion of solar energy to utile fuels, these 
methods remain inefficient. However, nature has perfected the conversion of light 
energy to chemical energy via photosynthesis through a specific network of proteins. 
Photosystem I (PSI), a reaction-center protein, is a key component of the photosynthetic 
pathway. Upon excitation from light, PSI undergoes complex unidirectional electron 
transfers across multiple redox centers in the protein. Our approach harnesses PSI's 
light-induced charge separation in order to engineer a photocatalytic biohybrid system 
of PSI and inorganic materials. This presentation highlights the use of PSI as a 
biomolecular reactor for solar energy conversion. We show the controllable surface 
assembly of PSI onto various modified electrode surfaces, and demonstrate 
photocurrent generation in the biohybrid system. 

COLL 602 

Conformation, orientation, and surface interaction of peptides at interfaces 

Jie Zheng, zhengj@uakron.edu.Department of Chemical and Biomolecular 
Engineering, University of Akron, Akron, OH 44325, United States 

Interaction of proteins and peptides with modeled artificial surfaces and cell membranes 
is a fundamental phenomenon in many practical applications for biomaterials, 
biosensor, and medicine. It is more biologically important to study the disease-related 
proteins/peptides (e.g. amyloid peptides associated with neurodegenerative diseases 
including Alzheimer's and diabetes type II) interacting with different biological or artificial 
surfaces, which provides general insights into the mechanism of protein (mis)folding, 
aggregation, and its relation to pathological process. In this talk, we marry 
computational and experimental approaches to study the peptide adsorption, 
conformational dynamics, and surface interactions of Aβ and hIAPP amyloid peptides 
on different surfaces including graphite, mica, self-assembled monolayers, and lipid 
bilayer. The surface-induced conformation, orientation, aggregation, and adsorption of 
amyloid peptides and the peptide-induced surface hydration and/or membrane 
disruption reveal different peptide adsorption and aggregation scenarios on different 



surfaces, providing a general insight into the understanding of surface interactions of 
peptide at interface. 

COLL 603 

Characterization and manipulation of the secondary structure of surface-bound 
peptides 

Lauren J. Webb, lwebb@cm.utexas.edu.Department of Chemistry and Biochemistry, 
The University of Texas at Austin, Austin, TX 78712, United States 

Proteins possess a range of specific biological function that could be applied to fields 
such as sensing, chemical catalysis, and biofuel generation. To do this, the protein of 
interest must be integrated with inorganic materials in a controlled and oriented manner 
without altering its three-dimensional fold or compromising function, a challenging 
biomaterials problem. In the research described here, we chemically functionalize gold 
surfaces with peptides of known secondary structure. These surfaces are chemically 
characterized through X-ray photoelectron spectroscopy, ellipsometry, and surface 
infrared spectroscopy. Furthermore, we use surface infrared and circular dichroic 
spectroscopies to characterize the structure and orientation of the peptide on the 
surface. We demonstrate that correctly functionalized surfaces induce a alpha-helical 
secondary structure on a peptide that is disordered in solution. Control over a desired 
biomolecular secondary structure at a surface is an important advance in preparing 
robust biomimetic materials. 

COLL 604 

Studying hybridization and melting of immobilized DNA at the silica-water 
interface using sum frequency generation and second harmonic generation 
spectroscopy 

Champika N Weeraman, weeraman@ualberta.ca, Md Shafiul Azam, Julianne M 
Gibbs-Davis.Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 
2G2, Canada 

Monitoring the hybridization and thermal dissociation, or melting, behavior of specific 
DNA sequences provides thermodynamic and kinetic information about DNA molecular 
recognition. While extracting information from DNA hybridization and melting 
experiments in the bulk has been extensively explored and understood, identifying the 
behavior of immobilized DNA at interfaces remains a challenge, particularly on silica 
surfaces despite their wide use in microarrays. We have used surface-specific second 
harmonic generation (SHG) spectroscopy and a SHG-active molecule as a base 
substitute in the DNA strand to experimentally watch hybridization and melting in real 
time at the DNA-functionalized silica-water interface. We found that the melting 
temperature of DNA immobilized at an interface is lower than the bulk, demonstrating 
interface specific behavior. We further expanded the study using vibrational sum 



frequency generation (VSFG), as a label free detection method, exploring inherent SFG 
active groups in the oligonucleotides. Our current work aimed at monitoring 
conformational changes of oligonucleotides during hybridization and melting will be 
discussed. 

COLL 605 

Bioluminescence Resonance Energy Transfer Between Quantum Rods and Firefly 
Luciferase 

Mathew M. Maye1, mmmaye@syr.edu, Rabeka Alam1, Bruce R. Branchini2, Danielle M. 
Fontaine2, Hyunjoo Han1, Joshua Zylstra1.  (1) Department of Chemistry, Syracuse 
University, Syracuse, New York 13244, United States  (2) Department of Chemistry, 
Connecticut College, New London, Connecticut 06320, United States 

Research at the nanoscale biotic-abiotic interface centers on endowing an inorganic 
nanocrystal with the physical, chemical, or energetic properties of biosystems. In this 
presentation we discuss the bioluminescence resonance energy transfer (BRET) 
between firefly luciferase from Photinus pyralis (Ppy) with core/shell semiconductive 
quantum rods (QRs). BRET has been studied as a function of QR aspect ratio and 
internal microstructure. The emission color of the QR was tailored from 600 nm to 800 
nm by varying the QR morphology and composition. The QRs were found to be ideal 
energy acceptors, and Ppy-to-core distances were optimized by the synthetic control of 
rod morphology, surface chemistry, and Ppy:QR loading. The results were analyzed via 
Forster theory, lifetime measurements, and single-particle spectroscopy. The energy 
transfer efficiency, and BRET ratios, were found to be greater than the current state of 
the art. These results, and the potential applications will be discussed. 

COLL 606 

Interfacial structure and orientation analysis of immobilized peptides on self-
assembled monolayers 

Xiaofeng Han, xfhan@umich.edu, Yuwei Liu, Fugen Wu, Zhan Chen.Chemisrty, 
University of Michigan, Ann Arbor, MI 48109, United States 

Chemical immobilization of peptides on surfaces is very important in many applications 
such as antimicrobial coatings and biosensors. The conformation and orientation of 
such immobilized peptides determine the functions and activities of these peptides. Sum 
frequency generation (SFG) vibrational spectroscopy was applied to investigate 
molecular structures of immobilized peptides on self-assembled monolayer (SAM) 
surfaces. Peptides with different secondary structures such as alpha- helices and beta-
sheets have been included in this study. Chemical immobilizations of peptides via 
different amino acids such as those on the C-terminus or N-terminus, or in the middle of 
the peptides have been used. The structural changes of these immobilized peptides in 
dry air, in water, and in air with different humidity levels were also investigated. 



COLL 607 

Polydiacetylene colloids for membrane, bacterial, and cellular sensing 

Raz Jelinek, razj@bgu.ac.il.Department of Chemistry and Ilse Katz Institute for 
Nanotechnology, Ben Gurion University, Beer Sheva, Israel 84105, Israel 

Polydiacetylene (PDA) is a conjugated polymer exhibiting unique color and fluorescence 
properties. In particular, colloids of PDA can be incorporated within diverse membrane-
mimic environments and undergo dramatic blue-red transformations accompanied by 
fluorescence emission which are induced by varied external molecular stimuli. In this 
context, biomimetic PDA colloid frameworks constitute a sensitive chromatic sensor for 
diverse biological processes. This presentation will highlight use of PDA colloids in 
varied configurations, including small and giant vesicles, Langmuir monolayers, sol-gel 
host matrixes, and others, and the application of this intriguing biomimetic sensing 
platform for analysis of membrane processes, bacterial detection, and cell-surface 
interactions in situ. 

Selected references: 

[1] Z. Orynbayeva, S. Kolusheva, E. Livneh, A. Lichtenshtein, I. Nathan, R. Jelinek, 
"Visualization of Membrane Processes in Living Cells by Surface-Attached Chromatic 
Polymer Patches” Angewandte Chemie International Edition in English, 2005, 44, 1092-
1096 (designated a Very Important Paper [VIP]). 

[2] A. Pevzner, S. Kolusheva, Z. Orynbayeva, R. Jelinek, Giant Chromatic 
Lipid/Polydiacetylene Vesicles for Detection and Visualization of Membrane 
Interactions” Advanced Functional Materials, 2008, 18, 242-247. 

COLL 608 

Templated deposition of polyelectrolyte multilayers in three-dimensional inverse 
opal structures and its application to nanofiltration membranes 

Pil J. Yoo, pjyoo@skku.edu, Seon Ju Yeo, Young Hun Kim.School of Chemical 
Engineering, Sungkyunkwan University, Suwon, Gyunggi-Do 440746, Republic of Korea 

A novel means of layer-by-layer deposition (LbL) of polyelectrolyte multilayers in three-
dimensionally porous inverse opal (3D-IO) structures comprising UV-curable polymer 
are highly flexible and can be readily demonstrated as free standing films with double-
sided open porosity over a large scale. The deposition pH of the LbL assembly can 
strongly affect the charge density and the degree of entanglement of polyelectrolyte 
chains, resulting in contrastingly different film deposition and growth behaviors. Finally, 
the LbL treated 3D-IO films are applied to nano filtration membranes for removing 
multivalent metallic cations. Due to the enhanced Donnan exclusion effect as a result of 
multiple interfaces formed inside the 3D-IO structures and the relatively large volumetric 



ratio of water-permeable polyelectrolyte complexes, outstanding membrane 
performance was observed. Specifically, a good rejection rate of metal ions was 
achieved even under highly diluted feed conditions without sacrificing the high 
permeation flux. 

COLL 609 

Production of poly(alkyl cyanoacrylate) nanoparticles as a coating material that 
changes wetting property 

Sanghoon Kim, sanghoon.kim@ars.usda.gov.USDA/ARS/NCAUR, Peoria, IL 61604, 
United States 

Alkyl cyanoacrylates have long been used for the synthesis of colloidal nanoparticles. In 
the involved polymerization reaction, OH- ions derived from dissociation of water have 
been used as an initiator. In the current research, functional groups on the surface of 
proteins were utilized as an initiator for the polymerization. Following this reaction 
scheme, a hydrophilic polymer (protein) was covalently bound to the backbone of 
poly(alkyl cyanoacrylate), which is hydrophobic. The resultant block copolymer was 
amphiphilic in nature, and formed nanoparticles in the reaction medium. The solution 
containing these nanoparticles showed an excellent coating capability on the surface of 
hydrophobic materials. A simple spray coating changed the wetting property of the 
material instantly and dramatically. Depending on the choice of protein, performance of 
the final product showed variation. 

COLL 610 

Substrate-Free self-assembly approach toward large-area nanomembranes 

Fei Wang1,2, fwang9@wisc.edu, Jung-Hun Seo3, Zhenqiang Ma3, Xudong Wang1.  (1) 
Department of Materials Science and Engineering, University of Wisconsin - Madison, 
Madison, WI 53706, United States  (2) Department of Chemistry, University of 
Wisconsin - Madison, Madison, WI 53706, United States  (3) Department of Electric and 
Computer Engineering, University of Wisconsin - Madison, Madison, WI 53706, United 
States 

Free-standing 2D nanostrucutures address applications where electronic devices need 
to be stretchable or conformally positioned to non-planar surfaces. We report a 
surfactant-directed surface assembly approach to producing large-area 
nanomembranes at the water-air interface. By using surface dodecyl sulfate monolayer 
as templates and incorporating them into the crystal structure, sub-millimeter-sized zinc 
hydroxy dodecylsulfate single-crystalline nanomembranes over the entire water surface 
were produced. The membranes consist of alternating zinc hydroxy layers and gemini 
dodecyl sulfate layers and can be converted to ZnO via heat treatment. A flexible thin-
film transistor was also fabricated using the transferred nanomembranes. This approach 
circumvented the need of single-crystalline substrates for making large-area 



nanomembranes from materials that do not possess laminate structures. It is a low-cost 
and large-scale synthesis technique and the synthesis strategy has great potential in 
developing nanomembranes from various functional materials that are not feasible by 
conventional selective etching or delamination approaches. 

COLL 611 

Preparation and characterization of coaxial and triaxial electrospinning of 
biodegradable polymers 

WENWEN LIU, wwlfly@udel.edu, Bruce Chase, John Rabolt.Materials Science and 
Engineering, University of Delaware, NEWARK, Delaware 19716, United States 

Electrospinning is a technique used for processing polymer solution or melts into 
continuous nanofibers by the application of a strong electric field. A multi-axial 
electrospinning approach has been used to fabricate core-shell and multilayer 
structured nanofibers. Solutions of several biodegradable polymers, including 
poly(ethylene oxide) (PEO), poly(lactic acid) (PLA), polycaprolactone (PCL) and gelatin 
have been delivered individually to different channels of the triaxial electrospinning 
setup. The solution parameters, miscibility, viscosity, conductivity and solvent vapor 
pressure have been investigated in order to choose a specific electrospinning protocol. 
The resulting nanofibers were microtomed, then stained with OsO4 and finally 
characterized using transmission electron microscopy (TEM). In addition, high speed 
confocal fluorescence microscopy was used to reveal the core-shell and multi-layer 
structure. The results provide a basis for the preparation of multi-layer structured 
nanofibers, which have potential applications in tissue engineering and drug release. 

COLL 612 

Silica condensation in emulsion stabilized by biomimetic block copolymer 

Chetan C Hire1, chetan.hire@uconn.edu, Gina E Macek2, Douglas H Adamson1,2.  (1) 
Institute of Material science, University of Connecticut, Storrs, Connecticut 06269, 
United States  (2) Department of Chemistry, University of Connecticut, Storrs, 
Connecticut 06269, United States 

A synthetic block copolymer, poly(hydroxylated isoprene)-b-poly(2-vinyl pyridine), is 
shown to template the condensation of silica from tetraethylorthosilicate (TEOS) at room 
temperature and neutral pH. Since this block copolymer is an amphiphilic molecule, it 
self-assembles and functions as a surfactant to stabilize emulsions. Thus when a 
selective solvent for the block copolymer is used, the polymer chains arrange 
themselves to form various structures, depending on concentration of polymer, volume 
fractions of phases, etc. If TEOS is added to this solution, condensed silica mimics the 
self-assembled shapes. Such a templation effect has not yet been achieved at room 
temperature and neutral pH. Results for both silica and other ceramics are presented as 
well as results in the use of these structures for catalysis. 



COLL 613 

Flow-Solution-Liquid-Solid Growth of Semiconductor Nanowires: A Novel 
Approach for Controlled Synthesis 

Kumaranand Palaniappan1, kpalania@gmail.com, Rawiwan Laocharoensuk2, 
Nickolaus A Smith3, Robert M Dickerson3, Joanna L Casson4, Jon K Baldwin1, Jennifer 
A Hollingsworth1.  (1) Materials Physics & Applications Division – Center for Integrated 
Nanotechnologies, Los Alamos National Laboratory, Los Alamos, New Mexico 87544, 
United States  (2) National Nanotechnology Center, National Science and Technology 
Development Agency, Bangkok, Thailand  (3) Materials Science and Technology 
Division – Polymers & Coatings, Los Alamos National Laboratory, Los Alamos, New 
Mexico 87544, United States  (4) Chemistry Division – Physical Chemistry & Applied 
Spectroscopy, Los Alamos National Laboratory, Los Alamos, New Mexico 87544, 
United States 

Semiconductor nanowires (SC-NWs) have potential applications in diverse 
technologies from nanoelectronics and photonics to energy harvesting and 
storage due to their quantum-confined opto-electronic properties coupled with 
their highly anisotropic shape. Here, we explore new approaches to an important 
solution-based growth method known as solution-liquid-solid (SLS) growth. In 
SLS, molecular precursors are reacted in the presence of low-melting metal 
nanoparticles that serve as molten fluxes to catalyze the growth of the SC-NWs. 
The mechanism of growth is assumed to be similar to that of vapor-liquid-solid 
(VLS) growth, with the clear distinctions of being conducted in solution in the 
presence of coordinating ligands and at relatively lower temperatures (<300 ⁰C). 
The resultant SC-NWs are soluble in common organic solvents and solution 
processable, offering advantages such as simplified processing, scale-up, ultra-
small diameters for quantum-confinement effects, and flexible choice of materials 
from group III-V to groups II-VI, IV-VI, as well as truly ternary I-III-VI 
semiconductors as we recently demonstrated.1 Despite these advantages of SLS 
growth, VLS offers several clear opportunities not allowed by conventional SLS. 
Namely, VLS allows sequential addition of precursors for facile synthesis of 
complex axial heterostructures. In addition, growth proceeds relatively slowly 
compared to SLS, allowing clear assessments of growth kinetics. In order to 
retain the materials and processing flexibility afforded by SLS, but add the 
elements of controlled growth afforded by VLS, we transformed SLS into a flow 
based method by adapting it to synthesis in a microfluidic system. By this new 
method — so-called “flow-SLS” (FSLS) — we have now demonstrated 
unprecedented fabrication of multi-segmented SC-NWs, e.g., 8-segmented 
CdSe/ZnSe defined by either compositionally abrupt or alloyed interfaces as a 
function of growth conditions. In addition, we have studied growth rates as a 
function of catalyst size/SC-NW diameter and shown for the first time that SLS is 
governed by Gibbs-Thomson effects. Lastly, from an applications standpoint, we 
report growth of SC-NWs from a range of substrates, including ITO-coated glass 



for fabrication of hybrid photovoltaic devices, comparing these to their quasi 
zero-dimensional quantum-dot counterparts.  

1 Wooten, A.J.; Werder, D.J.; Williams, D.J.; Casson, J.L.; Hollingsworth, J.A. J. Am. 
Chem. Soc. 131, 16177 (2009) 1 

COLL 614 

Effect of precipitation solvents on size, homogeneity and yield in the two-phase 
Brust-Schiffrin synthesis of octanethiolate-protected silver nanoparticles 

Yangwei Liu1, yl378@georgetown.edu, Oksana Zaluzhna1, Ying Li2, YuYe J Tong1.  (1) 
Department of Chemistry, Georgetown University, Washington, DC 20057, United 
States  (2) Department of Medicine, Georgetown University, Washington, DC 20007, 
United States 

Molecular electronics was proposed as a strong candidate to conventional electronics 
and generated much interest from the past decade due to its intriguing properties and 
applications. Along this line of research, chacogenolate-protected metal nanoparticles 
attract intensive studies because of their established preparation method and 
theoretically predicted performance. Gold system was extensively studied. However, 
silver lacks systematic exploration despite its interesting properties. The main challenge 
that obstacles the above research is to synthesize small and uniform NPs with good 
stability and final yield for characterization and practical use. In this presentation, we 
report our recent effort to address this challenge. We synthesized octanethiolate-
protected Ag NPs and established experimental conditions for best optimization. 
Specifically, the first detailed and systematic parallel comparison between different 
precipitation solvents will be discussed in terms of their effects on particle size, 
homogeneity and yield, with the morphologies and underlying mechanisms being 
investigated using microscopic and spectroscopic techniques. 

COLL 615 

Synthesis of mesoporous silica nanobamboo with highly dispersed tungsten 
carbide nanoparticles 

Yulin Huang1, yulhuang@udel.edu, Fei Deng2, Chaoying Ni2, Jingguang G. Chen1, 
Dionisios G. Vlachos1.  (1) Department of Chemical and Biomolecular Engineering, 
University of Delaware, Newark, DE 19716, United States  (2) Department of Materials 
and Engineering, University of Delware, Newark, DE 19716, United States 

As shown in Figure 1, By controlling the interaction between cationic surfactant micelle 
and ammonium metatungstate during the formation of mesoporous silica, highly 
dispersed tungsten carbide (WC) nanoparticles of 2.0 nm in diameter on mesoporous 
silica nanospheres were synthesized at lower concentration of ammonium 
metatungstate. With additional ammonium metatungstate, a novel mesoporous silica 



nanobamboo structure was formed with bimodal size-distributed WC nanoparticles, in 
which 2.0 nm WC was homogeneously distributed in nanobamboo's mesoporous silica 
wall and those with larger diameter (10.0 – 20.0 nm) were only formed on the 
nanobamboo's inner surface and at its internodes. 

COLL 616 

Colloidal Techniques for Tailoring Shape and Size of Pd nanocrystals as model 
catalysts to study structure-sensitive selective hydrogenations 

Lioubov Kiwi-Minsker, lioubov.kiwi-minsker@epfl.ch, Micaela Crespo-Quesada.Group 
of Catalytic Reaction Engineering, Ecole Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland 

The activity and selectivity of metal nanocrystals (NCs) strongly depend on their size 
and shape, the phenomena known as structure-sensitivity of catalytic reactions[1]. This 
phenomenon is due to the fact that the relative amounts of surface plane (Pd111 and 
Pd100) and low coordination (edge and vertex) atoms depend on NC shape and size. Pd 
catalyzed selective alkyne hydrogenation to alkene is a particularly important type of 
structure sensitive reactions widely employed in fine chemicals' industry. 

Structure-sensitivity studies began primarily on single crystals. However, these systems 
lacked the complexity normally present under industrial operation, in both the catalyst 
(material gap) and the reaction conditions (pressure gap). With the development of 
simple colloidal routes for obtaining size- & shape controlled metal NCs, came 
numerous studies using such NCs under real operational conditions [2]. However, the 
shape and size-controlled synthesis of Pd NCs involves various stabilizing and growth-
directing agents who despite the post-synthesis cleaning remain to some extend on the 
metal surface and modify the catalytic behavior. 

Herein, we report on uniform Pd NCs of cubic, octahedral and cube-octahedral shapes 
synthesized via a solution-phase method [3] using two stabilizers: poly (vinyl 
pyrrolidone) (PVP) and di-2-ethylhexylsulfoccinate (AOT). In order to elucidate the 
influence of stabilizing agents on catalytic response, Pd NCs were tested unsupported 
in the water-assisted hydrogenation of 2-methyl-3-butyn-2-ol (MBY) to 2-methyl-3-
buten-2-ol (MBE) as a model reaction. 

Indeed, Pd nanocrystals of the same shape and size stabilized by AOT were found to 
be an order of magnitude more active than those stabilized by PVP. This could be 
attributed to the stronger interaction of PVP with Pd surface atoms as compared to 
AOT. The results obtained were rationalized applying a two-site Langmuir-Hinshelwood 
kinetic model that allowed predicting 3-4 nm cubic or octahedral NCs stabilized by AOT 
as the optimum active phase ensuring the highest production rate of target MBE. 

[1] M. Boudart, Chemical Reviews, 95 (1995) 661-666. 



[2] N. Semagina, L. Kiwi-Minsker, Catalysis Reviews, 51 (2009) 147 - 217. 

[3] M. Crespo-Quesada, A. Yarulin, M. Jin, Y. Xia, L. Kiwi-Minsker, Journal of the 
American Chemical Society, 133 (2011) 12787-12794. 

COLL 617 

Hydrogenative CO2 converison to methanol by bimetallic CuNi nanoparticles 

Selim Alayoglu1,2, salayoglu@lbl.gov, Simon Beaumont1,2, Colin Specht1,2, Gabor A. 
Somorjai1,2.  (1) Chemistry, University of California, Berkeley, CA 94720, United States  
(2) Materials Sciences, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, 
United States 

Methanol synthesis with bimetallic CuNi nanoparticle catalysts was investigated during 
the CO2/H2 reaction. Cu-Ni nanoparticles were colloidally synthesized at two distinct 
particle sizes (2 and 10 nm) and characterized using an array of ex-situ techniques and 
in-situ probes. Energy dispersive spectroscopy (EDS) in the scanning mode indicated 
the formation of bimetallic nanoparticles with Ni-rich shells and Cu-rich cores and 
electron energy loss spectroscopy (EELS) indicated that Ni was partially oxidized while 
Cu was mostly metallic. Nanoparticles were studied employing ambient pressure X-ray 
photoelectron spectroscopy (APXPS) under redox and catalytically-relevant CO2/H2 
reaction conditions. APXPS showed Ni enrichment in the surface regions corresponding 
to mean free paths of 300 eV photoelectrons under H2-reducing atmospheres and the 
hydrogenative synthesis conditions at 250 degree Celsius. Catalytically, Cu-Ni 
nanoparticle catalysts were about 30 % selective for the formation of methanol under 
5.5 bar, with 3:1 excess of H2 and at 250 degree Celsius. 

COLL 618 

Self-assembly of Aβ-based peptide amphiphiles in aqueous solution 

Chenqian He, Yuchun Han, Yilin Wang, yilinwang@iccas.ac.cn.Institute of Chemistry, 
Chinese Academy of Sciences, Beijing, China 

A key fragment of amyloid β–peptide Aβ(11–17) was used to construct peptide–
amphiphiles (PAs). C12-Aβ(11-17) with one hydrocarbon chain and 2C12–Lys–Aβ(12–
17) and C12–Aβ(11–17)–C12 with two hydrocarbon chains were constructed. The self–
assembly structures and mechanism of the PAs in aqueous solutions were studied at 
different pH, focusing on the effects of the number and the attached positions of 
hydrophobic chains as well as the net charge quantity of Aβ(11–17). Effects of the PAs 
on the fibrillogenesis of amyloid β–peptide Aβ(1–40) associated with Alzheimer's 
disease were also investigated.For the PAs with two hydrophobic chains, both 2C12–
Lys–Aβ(12–17) and C12–Aβ(11–17)–C12 can self–assemble into ordered aggregates, 
but display different situations in the structure and morphology. Therein, 2C12–Lys–
Aβ(12–17) tends to assemble into long stable fibrils in aqueous solution over the entire 



pH range. In contrast, C12–Aβ(11–17)–C12 presents short twisted ribbons and lamellae, 
varying with pH condition. All the fibrils, ribbons and lamellae are generated by the 
lateral association of nanofibrils. It was also indicated that the formation of β–sheet 
structure with twisting and disorder to different extents in the self-assemblies of the PAs. 
Especially, the PAs greatly affect the dynamic of the Aβ(1–40) aggregation and the 
resultant structures of the self-assemblies. 

COLL 619 

Protein Adsorption on Nanopatterned Block Copolymers 

Joshua Silverstein1,2, joshua.silverstein@fda.hhs.gov, Brendan Casey2, Benita Dair2, 
Peter Kofinas1.  (1) Fischell Department of Bioengineering, University of Maryland, 
College Park, MD 20742, United States  (2) Center for Devices and Radiological Health, 
Office of Science and Engineering Laboratories, Division of Chemistry and Materials 
Science, U.S. Food and Drug Administration, Silver Spring, MD 20993, United States 

Manipulation of surface nanotopology has been a growing trend in efforts to enhance 
tissue regeneration, repair, and biocompatibility. Understanding the interactions of 
biomolecules with nanoengineered surfaces is vital to assess the safety and efficacy of 
devices that incorporate these structures. We present our research on protein 
adsorption dynamics on nanopatterned block copolymers. Modified and functionalized 
polymers were processed to produce various nanopatterned films of different 
nanotopologies, morphologies, and domain sizes, and these were characterized using 
contact angle measurements and atomic force microscopy (AFM). Protein (fibrinogen, 
albumin, cytochrome C, immunoglobulin G) adsorption experiments were conducted 
under static and dynamic conditions with a quartz crystal microbalance with dissipation 
(QCM-D) and AFM. Results indicate that the nano-morphology and biochemical 
environment impact adsorption dynamics. 

COLL 620 

Mechanistic understanding of protein-silicone oil interactions 

Jinjiang Li1, Swathi Pinnamaneni1, Yong Quan1, Archana Jaiswal2, Fredrik I. 
Andersson3, Xiaochun Zhang2, Arnold Luk2, arnold.luk@biolinscientific.com.  (1) Bristol 
Myers Squibb Company, New Brunswick, New Jersey 08903, United States  (2) Biolin 
Scientific, Linthicum Heights, Maryland 21090, United States  (3) Biolin Scientific/Q-
Sense, Västra Frölunda, Sweden 

Silicon oil, a common lubricating material, often lines surfaces of prefilled glass syringes 
(PFS). Unfortunately, this oil can adversely affect formulations by causing protein loss. It 
has been hypothesized that the addition of a surfactant can reduce this loss by 
competing with proteins for interactions with the oil. To investigate this possibility, quartz 
crystal microbalance with dissipation (QCM-D) and interfacial tension measurements 



were used to study interactions between abatacept and two surfactants, polysorbate 80 
and poloxamer 188. 

Both polysorbate 80 and poloxamer 188 were observed to reduce the interfacial tension 
between silicone oil and abatacept in buffer. Adsorption of both polysorbate 80 and 
abatacept showed smaller frequency shift compared to abatacept alone, which 
suggests that polysorbate 80 competes with abatacept for binding spots on silicone oil. 
This study provides insight into the mechanism for soluble protein loss and denaturation 
and aggregation that may occur during protein therapeutic manufacturing and storage. 

COLL 621 

Dronpa: Fluorescent Protein and Optoelectronic Switch 

Katalin V Korpany1, Pinky Langat1, Dong Myeong Kim1, Neil Edelman1, Daniel R 
Cooper2, Jay Nadeau2, Amy Szuchmacher Blum1, amy.blum@mcgill.ca.  (1) 
Department of Chemistry, McGill University, Montreal, QC H3A 0B8, Canada  (2) 
Department of Biomedical Engineering, McGill University, Montreal, QC H3A 2B4, 
Canada 

Dronpa, a photoswitchable GFP-like protein was self-assembled onto gold substrates, 
and its conductance was measured using scanning tunneling microscopy (STM) and 
scanning tunneling spectroscopy (STS). Dronpa can be switched from a non-fluorescent 
“dark” state to an activated “bright” state when illuminated with 405 nm light; exposure 
to 488 nm light returns it to the dark state. The process may be repeated dozens of 
times without photobleaching the protein. We show that resistance significantly 
increases upon photoswitching from the dark state to the bright state and returns to its 
original value upon returning to the dark state. This demonstration of reversibly 
photoswitching conductance in a protein represents an important step in achieving 
biologically based opto-electronic molecular switches. 

COLL 622 

Molecular design for targeted material synthesis 

Yu Huang, yhuang@seas.ucla.edu.Department of materials science and engineering, 
University of California at Los Angeles, Los Angeles, CA 90095-1595, United States 

In this talk I will share our work on the identification and utilization of facet-specific 
peptide sequences as regulating agents for predictable synthesis of platinum 
nanocrystals. Specifically, peptide sequences are identified to selectively bind and 
stabilize Pt-{100} and Pt-{111} facets, respectively. The Pt-{100} binding peptide 
(TLTTLTN) produces cubes enclosed by six {100} facets and the Pt-{111} binding 
peptide (SSFPQPN) produces tetrahedrons enclosed by four {111} facets, as expected. 
Further experimental and computational efforts provide molecular details of the interface 
binding of SSFPQPN on Pt-{111} and Pt-{100}, respectively, and conclude that 



phenylalanine (F) residue plays an important role in the resulted Pt-{111} selectivity. 
These studies demonstrate the effectiveness of peptide molecules in controlling 
nanocrystal morphology through selective binding. These studies open up vast 
opportunities in understanding the molecular details of inorganic-organic interface 
interaction, which could one day lead to the development of a library of molecular 
functions for predictable materials engineering. 

COLL 623 

Electronic and Vibrational Circular Dichroism of Peptides Adsorbed on Inorganic 
Nanoparticles 

Kenan Fears1, kenan.fears.ctr@nrl.navy.mil, Edwin Heilweil2, Jeff Owrutsky1, Thomas 
Clark1.  (1) Chemistry Division, U.S. Naval Research Laboratory, Washington, DC 
20375, United States  (2) National Institute of Standards and Technology, Gaithersburg, 
MD 20899, United States 

The surface-induced conformational changes of peptides that exhibit high binding 
affinities for a specific inorganic substrate were investigated using electronic and 
vibrational circular-dichroism spectroscopies (ECD and VCD, respectively). Select 
substrate-binding peptides (i.e. gold-binding peptide) were incubated in nanoparticle 
suspensions of various dimensions and chemistries to determine if these factors 
influence the conformation of the peptides post-adsorption. Generally, proteins and 
peptides lose some amount of their native structure during the adsorption process which 
is a function of how strongly they interact with the substrate. ECD and VCD revealed 
that in some cases, not only did the peptides undergo conformational changes, but the 
peptides assumed a more highly ordered structure resulting in signal enhancement in 
VCD. This study showed that the complimentary use of ECD and VCD can provide 
more insight into peptide-surface interactions than can be obtained by one of these 
techniques alone. 

COLL 624 

Lipopolysaccharide interactions of C-terminal fragments from thrombin 

Shalini Singh1, shalini.singh@farmaci.uu.se, Artur Schmidtchen2, Martin Malmsten1.  
(1) Department of Pharmacy, Uppsala University, Uppsala, Stockholm SE-751 23, 
Sweden  (2) Deparment of Clinical Sciences, Lund University, Lund, Lund SE-221 84, 
Sweden 

Previous research showed that C- terminal of human thrombin constitute a novel class 
of host defense peptides and its proteolytic variants exert antimicrobial effect against 
both gram- positive and gram - negative bacteria, mediated by membrane disruption as 
well as immunomodulatory functions, by inhibiting macrophage response to bacterial 
lipopolysaccharide. 



The present work is based on some of selected proteolytic variants so called 
antimicrobial peptides towards biophysical characterization of antimicrobial peptide-
membrane interactions including both lipid and non lipid components for example- 
lipopolysaccharide and lipid A, in order to focus the details of this interplay. Effect of 
topology and length on peptide interaction with lipopolysaccharide, lipid A and lipid 
bilayer was investigated for variants of C- terminal of thrombin derived peptides by 
ellipsometry, circular dichroism and fluorescence spectroscopy. The results show that 
peptide- membrane binding aspects need to be considered in order to understand the 
peptide- membrane interaction, resulting antimicrobial effect through membrane rupture 
as well as anti-inflammatory effect. 

COLL 625 

Atomistic Modeling of Lipid A and Its Analogue Supramolecular Bilayer Assembly 
in Solution 

Tao Wei1, twei2004@gmail.com, Mo Zhang2, Lin Zhang2.  (1) Materials Research 
Science & Engineering Center, Northwestern University, Evanston, IL 60201, United 
States  (2) Department of Chemical & Biological Engineering, Zhejiang University, 
Hanzhou, Zhejiang 310027, China 

Supramolecular structures of amphiphilic molecule, Lipid A and its analogue are of great 
research interest because of their relationship with biological activity. In this work, 
atomistic molecular dynamics simulation was performed to compare the bilayer 
structures of Escherichia coli Lipid A, which consists of a hexa-acylated disaccharide of 
glucosamine phosphorylated at position 1 and 4', and its analogue of four acyl chains in 
aqueous environment (water content of about wt 40%). The structure factor and the 
other properties (the area per lipid and hydration) of bilayer were analyzed. Our results 
demonstrate the formation of gel phase for lipid A lamellar bilayer and the formation of 
hexagonal substructure of hydrophobic tails in each layer. In contrast, lipid A analogue 
with less number of acyl chains forms much disordered bilayer structure. 

COLL 626 

Study of the heat induced aggregation behavior of wine macromolecules by 
means of Scanning Ion Occlusion Sensing and Dynamic Light Scattering 
techniques 

Matteo Marangon1, matteo.marangon@awri.com.au, Diana Gazzola2, Steven C. Van 
Sluyter3, Andrea Curioni2, Elizabeth J. Waters4, Aude Vernhet5, Paul A. Smith1.  (1) The 
Australian Wine Research Institute, Glen Osmond, South Australia 5064, Australia  (2) 
Department of Agronomy Food Natural Resources Animals and Environment, Centro 
Interdipartimentale per la Ricerca in Viticoltura ed Enologia (C.I.R.V.E.), Università di 
Padova, Legnaro, Padova 35020, Italy  (3) Department of Chemistry and Biomolecular 
Sciences, Macquarie University, Sydney, New South Wales 2109, Australia  (4) Grape 
and Wine Research and Development Corporation, Kent Town, South Australia 5071, 



Australia  (5) UMR1083 Sciences Pour l'Oenologie, INRA/SupAgro, Montpellier Cedex 
01, France 

Clouding, haze-formation, and precipitation are aesthetic problems in white wines which 
are caused by the presence of grape chitinases and thaumatin-like proteins (TLPs). 
Haze from wine contains TLPs and chitinases but the mechanism of their precipitation is 
unclear. 

Here we purified proteins, polysaccharides and phenolics from a Chardonnay wine and 
then reconstituted the wine with different combinations of these macromolecules. 
Protein aggregation was induced by heating/cooling cycles and studied by Scanning Ion 
Occlusion Sensing (SIOS) and Dynamic Light Scattering (DLS). 

Results indicated that TLPs and chitinases aggregated and reacted differently with other 
wine components. When compared with TLPs, chitinases were more reactive with other 
macromolecules, formed bigger aggregates and were more prone to precipitate. 
However some TLP isoforms could play a role on haze formation too. The implications 
of these findings for wine protein stability will be discussed and a revised mechanism for 
protein aggregation in wine will be proposed. 

COLL 627 

Nanoparticle-based Synthetic Transcription Factor Mimics for Reprogramming of 
cells 

KiBum Lee1, kblee@rutgers.edu, Sahishnu Patel1, Perry Yin1, DongJu Jung2, Norio 
Nakatsuji2, Hiroshi Sugiyama2.  (1) Department of Chemistry and Chemical Biology, 
Rutgers University, Piscataway, NJ 08854-8087, United States  (2) Institute for 
Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan 

This talk will focus on developing methods for developing nanoparticle-based Synthetic 
Transcription Factors (STFs) and utilizing the functional nanoparticle-STFs conjugates 
as effective regulators to activate or deactivate key gene expressions in targeted cells. 
Transcription factors (TFs) play a pivotal role in the gene expression and their modular 
structure is relatively easy to emulate. Hence, TFs have been considered prime 
candidates for the synthesis of organic analogues mimicking their function. However, an 
urgent demand exists for the development of innovative methods to delivery TFs or 
STFs to the targeted cells in selective and effective ways. In such projects, we carefully 
designed the ligand/conjugation chemistry to conjugate STFs on the gold nanoparticles 
and utilized their constructs to control certain gene expression levels. A summary of the 
results from these efforts and the future applications of our method to stem cell research 
will be discussed in this presentation. 

COLL 628 

Enzyme-powered pumps 



Samudra Sengupta, sxs1021@psu.edu, Debabrata Patra, Michelle Spiering, Stephen 
J Benkovic, Ayusman Sen.Department of Chemistry, The Pennsylvania State 
University, University Park, Pennsylvania 16802, United States 

We have shown that the diffusive mobility of single enzyme molecules increases in the 
presence of their respective substrates, in a concentration-dependent manner. By 
Galilean inverse, an enzyme that moves by generating a continuous surface force in a 
fluid should, when fixed in place, function as a micropump moving fluid and tracer 
particles in a directed manner. We show that by immobilizing enzymes on a patterned 
gold surface, ATP-independent enzyme-powered fluid pumps can be fabricated. We 
have devised enzyme-based pumps driven by urease, catalase, lipase, T4 DNA 
polymerase, and glucose oxidase in the presence of their respective substrates. The 
pumping velocity increases with increasing substrate concentration in the surrounding 
fluid. These pumps can be triggered by the presence of specific analytes, opening up 
the possibility of designing single-enzyme based smart devices that act both as a 
sensor and a pump. 

COLL 629 

Charge Flow and Molecular Structures at Reactive Interfaces 

Gabor A. Somorjai1,2, somorjai@berkeley.edu, L. Robert Baker1,2.  (1) Department of 
Chemistry, University of California, Berkeley, Berkeley, CA 94720-1460, United States  
(2) Chemical and Materials Sciences Divisions, Lawrence Berkeley National Laboratory, 
Berkeley, CA 94720, United States 

Flows of hot electrons are produced at metal surfaces by exothermic catalytic surface 
reactions like CO or He oxidation, or by incident photons. The electrons can be detected 
at the oxide-metal interfaces of metal nanoparticles as long as the hot electron mean 
free path is larger than the size of the nanoparticle, ~4 nm. Certain oxides such as 
titanium oxide and cerium oxide form Schottky barriers with low enough barrier heights 
to produce continuous “chemicurrent,” which correlates with the catalytic reaction 
turnover.  

Charge flow at oxide-metal interfaces can produce charged molecules, CO2
-, H2

-, or O- 
that modify reaction rates and selectivities and give rise to acid-based reactions which 
are well-documented in chemical reactions of organic molecules and also related to the 
catalytic phenomenon of SMSI, “strong metal support interaction”. 

We present the fabrication of platinum nanoparticle titanium oxide nanodiode to detect 
hot electron current flow during catalytic surface reactions and demonstration charges 
from the semiconductor side of the Schottky barrier into the metal to carry out the 
charge-to-chemistry process, the reverse of the exothermic chemical reaction induced 
hot electron flow 

COLL 630 



Work function changes induced by adsorbed halogens 

Paul S. Bagus1, bagus@unt.edu, Christof Woell2.  (1) Department of Chemistry, 
University of North Texas, Denton, Texas 76203-5017, United States  (2) Institute of 
Functional Interfaces, Karlsruhe Institute of Technology, Karlsruhe, Germany 

We extend earlier studies of the work function changes induced by I adsorbed on Cu to 
other halogens; in particular F and Cl. For I/Cu, we initially studied isolated I atoms and 
found that the adsorption of I lowered the work function although I was adsorbed with 
dominant anionic character. [1] Similar lowering of the work was also found for I/Pt 
consistent with experimental measurements. [2] This work involved using cluster 
models of the surfaces so that the detailed character of the interaction could be 
decomposed into the contributions of different chemical and physical measurements. 
We have developed techniques to use the cluster model to study the coverage 
dependence of the work function changes. We have also used a much larger cluster to 
model the substrate in order to insure that we properly describe the substrate interaction 
with the adsorbate as a function of coverage. We examine the different coverage 
dependence of the work function changes and the effective adsorbate charges for the 
different adsorbates. These studies give us information that is needed to tune work 
function changes, especially for more complex molecular adsorbates. 

1. P. S. Bagus, et al., Phys. Rev. Lett. 100 , 126101 (2008). 

2. P. S. Bagus, C. Woll, and A. Wieckowski, Surf. Sci. 603 , 273 (2009). 

COLL 631 

Formation and structural determination of "confined molecular catalysts" on and 
within molecular layers formed on Si(111) Surface with direct Si-C bond for 
photoelectrochemical hydrogen generation and CO2 reduction 

Kohei Uosaki, uosaki.kohei@nims.go.jp.International Center for Materials 
Nanoarchitectonics, National Insitute for Materials Science, Tsukuba, Ibaraki 305-0044, 
Japan 

Photoelectrochemical (PEC) and photocatalytic hydrogen evolution reaction (HER) from 
water and reduction of CO2 are very important and have been studied for long time. For 
highly efficient and stable systems, it is essential to develop electrocatalyst, which 
accelerates a specific reaction. Here, we employed Si(111) as a substrate and metal 
complexes precisely placed on or within the well ordered molecular layer formed on 
Si(111) via covalent Si-C bond, as catalysts. PEC HER rate was significantly enhanced 
by attaching a Pt complex on top of a thiol terminated monolayer via thiol group. Ex situ 
X-ray absorption fine structure (XAFS) showed the oxidation state of Pt was not 
changed. Efficient PEC HER and CO2 reduction were also achieved by incorporating 
metal complexes electrostatically within multi-layer of viologen moiety, which acts as 



electron mediator. Ex situ and in situ XAFS confirm that some metal complexes act as 
confined molecular catalyst. 

COLL 632 

Pd nanofilm formation on Au single crystal substrates, using electrochemical 
ALD 

John L. Stickney1, stickney@uga.edu, Leah Sheridan1, David Robinson2.  (1) 
Chemistry, The University of Georgia, Athens, GA 30602, United States  (2) Energy 
Nanomaterials Department, Sandia Laboratories, Livermore, CA 94550, United States 

Studies of the adsorption and absorption of hydrogen on nanofilms of Pd formed on Au 
substrates will be discussed. The electrochemical analog of atomic layer deposition 
(ALD) has been used to form films with from 0.5 ML to 50 ML thickness. The chemistry 
used to form the films will be briefly described. The thinner films allowed 
characterization of the hydrogen waves on Pd, with minimal interference from the 
absorption process. To better characterize the dependence of the hydrogen waves as a 
function of surface structure, single crystal Au substrates have been used to grow the 
Pd films. It is evident from these studies that the adsorption of hydrogen is strongly 
dependent on surface structure, and the history of the electrode. 

COLL 633 

IR-visible sum and difference frequency generation at Interfaces in the CLIO-Free 
Electron Laser facility 

Bertrand Busson1, Christophe Humbert1, Franck Vidal2, Claudio Mele3, Benedetto 
Bozzini3, Abderrahmane Tadjeddine1, abderrahmane.tadjeddine@u-psud.fr.  (1) 
Laboratoire de Chimie Physique, Univ. Paris-Sud and CNRS, Orsay, France  (2) Institut 
des NanoSciences de Paris, Université Pierre et Marie Curie and CNRS, Paris, France  
(3) Dipartimento di Ingegneria dell’Innovazione, Università del Salento, Lecce, France 

We present recent results obtained using SFG/DFG spectroscopy at the solid-gas and 
electrochemical interfaces: 

-First SFG evidence of an extramolecular Pt-C chemical bond using the CLIO FEL and 
deduction of its Raman activity on a flat CO/Pt(110) interface [1]; 

-Methanol electro-oxidation on ordered and defective Pt(110) surfaces using the COads 
intramolecular mode as a probe. Dissociative chemisorption occurs primarily at low 
potential on defect sites (steps, kinks) and the SFG signature of COads decreases more 
sharply on terraces than on defects at higher potentials [2]; 

-Ethanol electro-oxidation on electrodeposited Pt on tungsten carbide studied by FTIR, 
SFG and photoelectron spectroscopy reveals the changes in population of adsorption 



sites and catalyst morphology with ageing, correlating with the loss of catalytic activity 
[3]. 

[1] C. Humbert et al, J. Phys. Chem. Lett., 2, 2770-2773 (2011) 

[2] F. Vidal et al, J. Electroanal. Chem., in press 

[3] B. Bozzini et al, in preparation 

COLL 634 

Effect of photodeposited cobalt phosphate (CoPi) metal catalysts on 
photoelectrocatalytic water oxidation at well-defined TiO2 (110) surfaces 

Matthew A Rigsby, rigsbyma@ornl.gov, Glen E Alliger, Gilbert M Brown.Chemical 
Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, United States 

Transition metal ions, namely Co(II/III), have been photodeposited onto atomically flat 
TiO2 (110) single crystals, and the influence of these metal ions on oxygen evolution at 
the irradiated semiconductor surface has been investigated. Catalyst films deposited 
from buffered solutions of Co(II) and phosphate at neutral pH have been reported to 
enhance the photocatalytic oxygen evolution reaction, presumably by suppressing 
surface recombination. Here, stable cobalt catalyst films (CoPi), of comparable 
composition to those reported in literature, were grown on TiO2 (110) single crystals. 
However, it was found that the CoPi film did not improve the photoelectrocatalytic 
activity of the bulk TiO2 photoelectrode. This photoelectrocatalyst system has been 
studied using a variety of analytical techniques, including electrochemistry and surface 
techniques, in an effort to determine its composition and structure at the fluid-solid 
interface and to understand the role of metal cations in photoelectrocatalysis. 

COLL 635 

Mechanistic pathways for redox of quinone/hydroquinone adsorbed on carbon: A 
model for proton-coupled electron transfer (PCET) reactions at the fluid-solid 
interface 

Daniela M Anjos1, anjos_daniela@yahoo.com.br, Alenxander I Kolesnikov2, Zili Wu3, 
Yu Cai4, Matthew Neurock4, Gilbert M Brown1, Steven H Overbury1.  (1) CSD, Oak 
Ridge National Laboratory, Oak Ridge, TN 37830, United States  (2) SNS, Oak Ridge 
National Laboratory, Oak Ridge, TN 37830, United States  (3) CNMS, Oak Ridge 
National Laboratory, Oak Ridge, TN 37830, United States  (4) University of Virginia, 
United States 

Our approach is to probe how a model PCET reaction occurs and is related to 
adsorption, dynamics and redox of the molecules and proton donors at the fluid-solid 
interface. Vibrational, neutron scattering, computational, and electrochemical methods 



were use to investigate the adsorption and reaction of phenanthrenquinone (PQ) on 
onion-like carbon (OLC) and pyrolytic graphite. Raman and inelastic neutron scattering 
(INS) results combined with computational calculations indicate that PQ is adsorbed 
parallel to the surface. The effect of concentration on the dynamics of adsorbed PQ was 
determined by quasi-elastic neutron scattering (QENS). A strong pH and buffer effect on 
the electrochemical charge confirms that the reaction requires a number of protons 
available to be completed. In addition, kinetic isotope effect was detected indicating the 
possibility of a concerted reaction mechanism. Under electrochemical conditions, 
reaction pathways of quinone/hydroquinone redox on OLC were obtained by Raman in 
situ. 

COLL 636 

Determination of the molecular orientation on the surface of colloidal particles in 
solution: A second harmonic scattering study 

Grazia Gonella, gonella@temple.edu, Hai-Lung Dai.Department of Chemistry, Temple 
University, Philadelphia, PA 19122, United States 

The knowledge of the orientation of molecules on a surface is a very important piece of 
information for understanding surface properties. When the surface of a particle is 
located deep in the colloidal medium, the determination of the surface molecular 
orientation is quite challenging. We have exploited the intrinsic sensitivity of second 
harmonic generation from interfaces between centrosymmetric media to meet this 
challenge. 

The model system investigated consists of malachite green molecules adsorbed on the 
surface of polystyrene particles in water with size in the 50 nm-1 micron range. The 
development of the nonlinear Mie theory for the description of the scattering of light at 
the second harmonic frequency has been critical for the interpretation of the 
experimentally observed scattering angular patterns and has enabled the determination 
of the molecular orientation on the spherical particles [1]. 

[1] Gonella G., Dai H.-L., Phys. Rev. B (2011) 84, 121402(R) 

COLL 637 

Molecular Dynamics Simulation of Oriented Attachment of Titanium Dioxide 
Nanocrystals in Aqueous and Vacuum Environments using a Reaxff Reactive 
Force Field 

Muralikrishna Raju1, mur161@psu.edu, Sung-Yup Kim2, Ya Zhou3, Kristen 
Fichthorn1,3, Adri van Duin2.  (1) Department of Physics, The Pennsylvania State 
University, University Park, Pennsylvania 16802, United States  (2) Department of 
Mechanical and Nuclear Engineering, The Pennsylvania State University, University 



Park, Pennsylvania 16802, United States  (3) Department of Chemical Engineering, The 
Pennsylvania State University, University Park, Pennsylvania 16802, United States 

Experiments indicate that titanium dioxide (anatase) nanocrystals tend to grow through 
oriented attachment [1]. This mechanism can be a powerful tool for synthesizing new 
nanostructures with controlled sizes and shapes. To gain insight into the origins of 
oriented attachment, we use a ReaxFF reactive force field to study the aggregation of 
various anatase nanocrystals in vacuum and in water. The nanocrystals are in the 2-
6nm size range, with shapes dictated by the Wulff construction. We find that in vacuum, 
these crystals do not exhibit oriented attachment and tend to merge along their direction 
of approach. In contrast, in the presence of water-vapor, these crystals tend to reorient 
themselves and merge along specific crystallographic directions, giving rise to single or 
twinned crystals. We find that oriented attachment is mediated by adsorbed water 
molecules and hydroxyl groups that direct nanoparticle alignment. 

1. R.L. Penn, J.F. Banfield, Geochim. Cosmochim. Acta 63, 1549 (1999). 

COLL 638 

Amphiphilic polyoxometalate-organic hybrid molecules as pH-sensitive emulsion 
catalysts for ultra-deep desulfurization 

Panchao Yin, pay209@lehigh.edu, Tianbo Liu, Joy Wang.Department of Chemistry, 
Lehigh University, Bethlehem, Pennsylvania 18015, United States 

Two surfactants with hexavanadate as polar head groups were synthesized and their 
amphiphilic properties were confirmed by forming emulsions in the mixture of water and 
nonpolar organic solvents. Due to the outstanding catalytic properties of hexavanadate, 
the two surfactants were utilized as 'emulsion catalysts' in ultra-deep desulfurization 
reactions. Their catalytic activities show a pH-dependent behavior, which can be 
explained by the size-change of emulsions and the appearance of reverse emulsions. 
The application can be extended to hazardous waste disposal, biomass conversion, and 
organic synthesis since the surfactants can be widely used in two-immiscible phase 
systems. 

 

 
 

COLL 639 

Synthesis of SBA-15 silica with closed cylindrical mesopores 

Manik Mandal1, Michal Kruk1,2, Michal.Kruk@csi.cuny.edu.  (1) Department of 
Chemistry, College of Staten Island, Staten Island, NY 10314, United States  (2) 
Graduate Center of City University of New York, New York, NY 10016, United States 



Surfactant-micelle-templated materials typically exhibit well-accessible mesopores, 
which is seemingly dictated by the removal of the surfactant template from the 
mesopore space. However, in some cases, the template can be removed and 
subsequently the mesopores can be made inaccessible through the thermally-induced 
pore closure process, in which the entrance to the pores shrink so much that they no 
longer can be passed even by small molecules from. The closing of cylindrical 
mesopores is achievable due to the presence of constrictions in them and/or caps at 
their ends. The feasibility of this process was demonstrated on SBA-15 silica with 2-D 
hexagonal structure, which was prepared in a way resulting in small pore entrance 
sizes. The thermally induced pore closing was achieved at 900-950 °C. While the pore 
closing temperature for cylindrical mesopores is much higher than that for spherical 
mesopores (~400 °C), it can be lowered by using appropriate precursor materials. 

COLL 640 

Mechanism of the dual role of SnO2 in the anastase-to-rutile transformation in 
titania-tin oxide nanocomposites 

Kuldeep Wadhwa1, KW71@NYU.EDU, Ali Trabolsi1, Krishnankutty-Nair P. Nair2, Yves 
Chal2, Derek J Fray3.  (1) Center for Science and Engineering, New York University Abu 
Dhabi, ABU DHABI, ABU DHABI 129188, United Arab Emirates  (2) Deapartment of 
Materials Science and Engineering, University of Texas Dallas, Richardson, Texas 
75080, United States  (3) Department of Materials Science and Metallurgy, University of 
Cambridge, Pembroke Street, Cambridge CB23QZ, United Kingdom 

Titania based nanostructures are ideal for photovoltaic and photo catalytic systems. 
Major challenges are controlling texture (pore size, porosity, grain size), phase, band 
gap and fabricability. Anatase-to-rutile transformation in titania is a metastable-to-stable 
irreversible transformation and is associated with drastic grain growth and porosity and 
surface area reduction. It has been previously reported that presence of SnO2 second 
phase can enhance the transformation without exaggerated grain growth and porosity 
reduction. Here kinetics and mechanism of anatase-to-rutile transformation in the 
presence of SnO2 second phase to understand the dual role of SnO2 (enhancing 
transformation and retarding grain growth) by comparing activation energies determined 
using the well-established Avrami non-isothermal kinetic method was studied. The 
activation energy values were compared with the literature data to get a deeper insight 
into the mechanism of transformation. Ananatase-to-rutile transformation temperature 
for varying amounts of SnO2 in the nanocomposite obtained from DSC data is given in 
Figure 1.  

 
 

COLL 641 

Spherical Mesoporous Silica Nanoparticles for Anti-corrosion Applications 



Dylan J Boday1, dboday@us.ibm.com, Jason T Wertz3, Joseph P Kuczynski2, Timothy 
J Tofil2.  (1) Materials Engineering, IBM, Tucson, Arizona 85744, United States  (2) 
Materials Engineering, IBM, Rochester, Minnesota 55901, United States  (3) Materials 
Engineering, IBM, Poughkeepsie, New York 12601, United States 

Porous silica nanoparticles are attractive for a number of applications including drug 
delivery, imaging, and numerous others. Corrosion protection of electronics from 
environmental hazards is done via RTV silicones. RTVs contain fumed silica for 
rheology controls and reinforcement. To protect electronic components, we have 
prepared porous and non-porous silica nanoparticles with 
diphenylphosphinoethyltriethoxysilane (DPPES) through copolymerization and surface 
modification. Due to sulfur based corrosion, phosphines were selected as a functionality 
for their ability to bind and reduce disulfide bonds. The nearly monodisperse, spherical 
porous particles, have diameters ranging from 100-500 nm and pores of 2-6 nm. The 
silica particles (20-40 wt%) were blended with RTV silicone, which initially contained no 
fillers, coated onto resistors and tested in a sulfur corrosion environment to determine 
the effectiveness of the anti-corrosion porous silica nanoparticles. Details relating to the 
preparation, characterization, and particle application in preventing corrosion in 
electronic assemblies will be discussed. 

COLL 642 

Liquid crystalline behaviour of colloidal LaPO4 nanorod suspensions 

Jongwook KIM1, jong-wook.kim@polytechnique.edu, Alexis de la Cotte2, Rodolphe 
Deloncle1, Samuel Archambeau3, Claudine Biver3, Jean-Paul Cano3, Khalid Lahlil1, 
Jean-Pierre Boilot1, Eric Grelet2, Thierry Gacoin1.  (1) Laboratoire de Physique de la 
Matière Condensée, Ecole Polytechnique, Palaiseau, France  (2) Centre Recherche 
Paul-Pascal, Pessac, France  (3) Essilor International R&D, Labège, France 

We developed a new colloidal mineral liquid crystalline suspension of LaPO4 nanorods 
showing well controlled phase behaviour combined with the intrinsic optical properties of 
minerals. Nanorods with tuned size were obtained through an optimized hydro-thermal 
route. And they were perfectly stabilized in a non aqueous solvent at high 
concentrations which permits the first observation of nematic and hexagonal columnar 
mesophases on the LaPO4 system. A phase diagram was also established over a large 
ionic strength range obtained by purification using a series of dialysis. A remarkable 
feature of this system is the efficient orientation of nanorods under electric field 
associated with a large optical birefringence, which is promising for future electro-optical 
devices. 

 

 
 

(a) SEM image of nanorods (b) Phase separation (c) LC phases textures 



COLL 643 

Simple magnetic nanoparticles with complex surfaces: Easily recyclable catalysts 
for selective organic transformations 

Reuben Hudson, reuben.hudson@mail.mcgill.ca, Antoine Rivière, Ciprian M. Cirtiu, 
Kylie L. Luska, Shingo Ishikawa, C.J. Li*, Audrey Moores*.Department of Chemistry, 
McGill Univserity, Montreal, QC H3A 0B8, Canada 

Magnetically recoverable nanoparticles provide a cheap, easy and environmentally 
benign means for catalyst recovery. In an effort to move toward catalyst systems as 
simple to synthesize as they are to recover, we have developed several purely 
heterogeneous magnetically recoverable nanoparticle catalysts. First, core-shell iron-
iron oxide nanoparticles serve as effective C=C bond hydrogenation catalysts. The 
porosity of the oxide layer enables interesting selectivity. Second, those same 
nanoparticles plated with copper serve as effective catalysts for the Huigsen 1,3-dipolar 
cycloaddition. Third, copper ferrite nanoparticles catalyze the Biginelli condensation, 
oxidative cross dehydrogenative coupling and the Huigsen 1,3-dipolar cycloadditon. 

 

 
 

COLL 644 

Characterization and application of nano size talc 

Qiping Zhong, qipingz@gmail.com.HGST a Western Digital company, San Jose, CA 
95119, United States 

When the size of talc powder reduced from several micrometers to about 120 nm, its 
surface property switched from hydrophobic to hydrophilic. The characterization of 
those magnesium silicate nano-plate mineral crystals will be discussed first. A model 
described the nanosize talc is then proposed, as well as the mechanism of its surface 
physical property switching. This unique property has led to many novel applications, 
especially in the field of engineering-plastics/coatings. It is an inorganic-organic 
nanocomposite at the molecular-level. The platy magnesium silicate nano inorganic 
crystal is, in some cases, chemically bonding to the organic polymer. As a result, the 
polymer composite formed is clear and colorless at up to 20% loading with excellent 
gloss. It also improved barrier properties of any gaseous. Glass-transition temperature 
(TG) will increase and the composites exhibited ~ 100 degrees improvement in thermal 
stability. Especially, it enhanced the overall physical properties of engineering plastics 
and coating. 

COLL 645 



Understanding the protein binding with gold nanoparticle using organothiol as 
molecular probes 

Dongmao Zhang, dz33@msstate.edu, Karthikeswar Vangala, Ailin Wang, Nicholas 
Fitzkee.Chemistry, Mississippi State University, Mississippi State, Mississippi, United 
States 

Understanding protein/gold nanoparticle (AuNP) interaction holds key to a wide range of 
protein and AuNP applications that include biosensing, AuNP based drug delivery and 
cancer therapy. It is known that protein can spontaneously assemble onto the AuNP 
surface, forming a protein coating layer commonly refered to “protein corona”. Recent 
study from our group indicates that protein corona formed by bovine serum albumin 
(BSA) is highly permeable and a large fraction of the protein covered AuNP surface can 
be made available for further organothiols adsorption without compromising stability 
(with no detachement) of the protein coating layer. Present here is an UV-vis, NMR, and 
surface enhancement Raman spectroscopic study of stability of the thrid IgG-binding 
domain of Protein G (GB3) covered AuNP where the cysteine content is systematically 
varied. Three organothiols that differ in their thiol and amine contents are employed as 
the molecular probes to study the correlation between the stability of GB3 on AuNP and 
the cysteine content. 

COLL 646 

Effect of pH on protein G orientation on gold surfaces and characterization of 
adsorption thermodynamics 

Blake N. Johnson, bnj24@drexel.edu, Raj Mutharasan.Department of Chemical and 
Biological Engineering, Drexel University, Philadelphia, PA 19104, United States 

The pH effect on adsorbed antibody-binding protein (protein G) orientation on gold (Au) 
and its adsorption thermodynamic characteristics were investigated using quartz crystal 
microbalance (QCM) and X-ray photoelectron spectroscopy (XPS). The adsorbed 
protein G orientation was measured by binding response of two antibody-antigen 
systems: the model bovine serum albumin (BSA) and the foodborne pathogen E. coli 
O157:H7. Surface coverage was not significantly affected by pH, but its orientation was. 
The most properly-oriented protein G for antibody binding was achieved at near neutral 
pH. Adsorption was verified by XPS measurements using nitrogen (N) 1s, oxygen (O) 
1s, and Au 4p peak heights. Adsorption energetics were determined by van't Hoff and 
Langmuir kinetic analyses of adsorption data obtained at 23, 30, and 35°C. Large 
characteristic entropy change of protein adsorption was observed (ΔS° = 0.52 ± 0.01 
kcal/mol·K). The adsorption process was not classical physisorption but exhibited 
chemisorption characteristics based on significant enthalpy change (ΔH° = -25 ± 6 
kcal/mol). 

COLL 647 



Amyloid fibril inhibition by small molecules 

Kiersten M Batzli, kbatzli@umich.edu, Brian J Love.Department of Materials Science 
and Engineering, University of Michigan, Ann Arbor, MI 48109, United States 

Amyloidogenic proteins self-assemble to form ordered fibrillar structures associated with 
neurodegenerative disease. Therapeutics for these protein-linked diseases do not 
currently address the formation of cytotoxic fibrillar formations. Current research in this 
direction focuses on the identification of small molecules which act to inhibit the 
aggregation process.  

We use insulin as a model protein and probe the kinetics associated with protein 
aggregation in the presence of small molecules chosen to stabilize the protein. The 
kinetics of aggregation of bovine and porcine insulin denatured at 65-75°C over the 
course of about an hour have been studied by rheology and small angle x-ray scattering 
(SAXS) and are compared to aggregation in the presence of inhibiting molecules 
including metacresol and rifampicin The protein is observed by SAXS to move from 
dimer conformation (~14Å) to fibrils on the order of 500Å with some evidence of 
mediation of aggregation by the presence of inhibiting molecules. 

COLL 648 

A Theta-Shaped Amphiphilic Cobaltabisdicarbollide Anion: A New Transition 
From Monolayer Vesicles to Micelles 

Pierre Bauduin1, pierre.bauduin@cea.fr, Sylvain Prevost2, Olivier Diat1, Thomas 
Zemb1, Pau Farràs3, Francesc Teixidor3.  (1) Marcoule Institute of Separative Chemistry 
(ICSM, UMR 5257 CEA/CNRS/UM2, ENSCM), Bagnols sur Céze, France 30200, 
France  (2) Technische Universitaet Berlin, Stranski Laboratory, Germany  (3) ICMAB 
(CSIC), Barcelona, Spain 

We show in the present contribution that the cobaltabisdicarbollide (mono-)anion (H+ 
[3,3'-Co(1,2-C2B9H11)2]_ (H+COSAN_) forms monolayer vesicles at low concentrations 
in water. An increase in concentration leads to a phase transition from vesicles to small 
micelles and results in the coexistence of both aggregation states at higher 
concentrations. The formation of monolayer vesicles and small micelles was hitherto 
unknown for water-soluble carborane derivatives. COSAN is composed of two bulky 
and highly hydrophobic dicarbollide semicages, each of them bearing two negative 
charges, that “sandwich” a cobalt(III) ion as the polar part. The remaining negative 
charge is delocalized over the entire COSAN structure that can be represented by the 
Greek letter θ  

 
 
 
. 



COLL 649 

Curvature sorting of protein domains examined by solid-supported wavy 
membranes 

Chih-Jung Hsu1, chihjung@sas.upenn.edu, Wan-Ting Hsieh1, 
hsiehw@sas.upenn.edu, Chi-Mon Chen2, Shu Yang2, Tobias Baumgart1.  (1) 
Department of Chemistry, University of Pennsylvania, Philadelphia, PA 19104, United 
States  (2) Department of Materials Science and Engineering, University of 
Pennsylvania, Philadelphia, PA 19104, United States 

The shapes of cellular membranes are highly diverse. Membrane curvatures range from 
the flat plasma membrane to highly curved tubules and vesicles. Membrane 
deformation is accompanied by the redistribution of phospholipids and recruitment of 
curvature-sensing proteins. To investigate the sorting effects governed by membrane 
curvatures, we fabricated a system consisting of solid-supported wavy membrane that 
exhibits a continuous curvature distribution with positive and negative ranges. 
Curvature-sensing proteins were incubated with the wavy membrane and fluorescence 
distributions were quantified via confocal fluorescence microscopy. Spatial molecular 
distributions of ENTH and N-BAR domains were found to vary linearly with the 
membrane curvatures. In contrast, streptavidin and fluorescent lipids exhibited 
homogenous distributions. Fluorescence recovery after photobleaching and single-
molecule tracking experiments revealed protein lateral fluidity on the curved regions. 
Overall, we have demonstrated that the solid-supported wavy membrane can be used 
as a platform to quantify the curvature sorting of a variety of protein domains. 

COLL 650 

Coupling of the fusion and budding of giant phospholipid vesicles containing 
macromolecules 

Hiroaki Suzuki1, suzuki@ist.osaka-u.ac.jp, Hidetoshi Terasawa1, Kazuya Nishimura1, 
Tomoaki Matsuura2, Tetsuya Yomo1.  (1) Graduate school of information science and 
technology, Osaka University, Suita, Osaka 565-0871, Japan  (2) Graduate school of 
engineering, Osaka University, Suita, Osaka 565-0871, Japan 

Mechanisms that enabled primitive cell membranes to self-reproduce have been 
discussed in the context of origin of life [Budin I, Szostak, J W (2011) Proc Natl Acad 
Sci USA 108:5249–5254]. A growth-division mechanism of membranes that does not 
depend on the chemical nature of amphiphilic molecules could have existed. We show 
that giant unilamellar vesicles composed of phospholipids can undergo the coupled 
process of fusion and budding transformation, which mimics cell growth and division. 
After gaining excess membrane by electrofusion, giant vesicles spontaneously 
transform into the budded shape only when they contain macromolecules (polymers). 
This process is a result of the vesicle maximizing the translational entropy of the 
encapsulated polymers. Because the cell is a lipid membrane bag containing highly 



concentrated biopolymers, this coupling process that is induced by physical and non-
specific interactions may have a general importance in the self-reproduction of the early 
cellular compartments. 

COLL 651 

Nanocalorimetry melting study of self-assembled lamellar crystals of silver 
alkanethiolate 

Lito P de la Rama1, ldelara2@illinois.edu, Liang Hu1, Zichao Ye1, Yiran Yan1, Mikhail Y 
Efremov2, Leslie H Allen1.  (1) Department of Materials Science and Engineering, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801, United States  (2) 
Department of Chemical and Biological Engineering and Center for Nanotechnology, 
University of Wisconsin - Madison, Madison, WI 53706, United States 

The self-assembly of lamellar crystals of silver alkanethiolate (AgSR)1 with precise 
control of the number of layers has been successfully achieved using vapor deposition 
methods. This method involves the reaction between nanometer-sized Ag clusters 
deposited on different substrates using physical vapor deposition of Ag and alkanethiol 
vapor. Systematic control of the amount of Ag and annealing temperature allows for the 
synthesis of 1 layer, 2 layers or multilayer lamellar crystals of AgSR2. Characterization 
of the structure suggests both layer-by-layer and in-plane ordering with a strong (010) 
texture with the layers parallel to the substrate. The samples are characterized using 
atomic force microscopy (AFM), transmission electron microscopy (TEM), X-ray 
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and Rutherford 
backscattering spectroscopy (RBS). The melting point of the crystals is studied using an 
ultra-sensitive, fast-scanning, thin film nanocalorimetry (NanoDSC)3,4 technique. Results 
show a significant melting point depression for single layer compared to multilayer 
AgSR. 

1. Dance, I. G.; Fisher, K. J.; Banda, R. M. H.; Scudder, M. L., Inorganic Chemistry 
1991, 30, (2), 183-187. 

2. Hu, L.; de la Rama, L. P.; Efremov, M. Y.; Anahory, Y.; Schiettekatte, F.; Allen, L. H., 
Journal of the American Chemical Society 2011, 133, (12), 4367-4376. 

3. Efremov, M. Y.; Olson, E. A.; Zhang, M.; Schiettekatte, F.; Zhang, Z. S.; Allen, L. H., 
Review of Scientific Instruments 2004, 75, (1), 179. 

4. Efremov, M. Y.; Schiettekatte, F.; Zhang, M.; Olson, E. A.; Kwan, A. T.; Berry, R. S.; 
Allen, L. H., Physical Review Letters 2000, 85, (17), 3560-3563. 

COLL 652 

Molecular dynamics study of the effect of calcium ions on adsorption behavior of 
SDS and SDP-2S surfactants at the air/water interface 



Xiaofeng Li1,2, lixf.sshy@sinopec.com, Yingcheng Li1, liyc.sshy@sinopec.com, 
Zhiyong Wu2, Zaiku Xie1, Xiujuan He1.  (1) Sinopec Key Laboratory of Surfactants for 
EOR, Sinopec Shanghai Research Institute of Petrochemical Technology, Shanghai, 
China  (2) Information Technology Department, Sinopec Shanghai Research Institute of 
Petrochemical Technology, Shanghai, China 

Molecular dynamic simulations have been performed to investigate the effect of 
calcium ions on the structural and dynamic properties of sodium dodecyl sulfate 
(SDS) and sodium dodecyl dioxyethylene sulfate (SDP-2S) monolayers formed at 
the air/water interface. It has been observed that more Na+ are distribute close to 
the air/water interface for SDP-2S than SDS at the same Ca2+ concentration. And 
more Ca2+ tends to locate near the interface to bind to the headgroup for SDS. 
The structures of the sulfate group with Na+ are more stable for SDP-2S than SDS. 
This results indicated that SDP-2S binds less divalent ions compared with SDS, 
and Ca2+ has a weaker effect on the monolayer of SDP-2S. So, the presence of the 
oxyethylene groups in the molecule improves the stability of the anionic 
surfactant against precipitation in salt solutions with Ca2+ ions.  

COLL 653 

Methods of polymeric backpacks attachment for cell-mediated drug delivery 

Jonathan Gilbert1, gilbert@mit.edu, Aaron Anselmo3, Samir Mitragotri3, Michael 
Rubner2, Robert Cohen1.  (1) Department of Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, MA 02139, United States  (2) Department of 
Material Science and Engineering, Massachusetts Institute of Technology, Cambridge, 
MA 02139, United States  (3) Department of Chemical Engineering, University of 
California at Santa Barbara, Santa Barbara, CA 93106, United States 

Polymeric backpacks are anisotropic, stratified polymeric thin films that are hundreds of 
nanometers thick and microns wide. They attach strongly and specifically to the surface 
of immune cells and can contain materials such as nanoparticles or DNA. The potential 
applications of combining synthetic materials with natural or altered functions of a cell 
include diagnostic applications and drug delivery devices. 

We will discuss the attachment of polymeric backpacks to a variety of immune cell types 
through direct covalent and antibody based methods and discuss the effects on the cell. 
Since the backpack leaves most of the cell surface unaltered, the cell can still interact 
with the environment and we have not seen any deleterious effects on the cell so far. 
Furthermore, prior results show that backpacks are phagocytosis resistant in the 
presence of macrophages and thus backpacks may be used for highly directed drug 
delivery. 

COLL 654 



Surface charge effects on the antifouling performance of grafted zwitterionic 
polypeptoid brushes 

K. H. Aaron Lau1,2, aaronlau@northwestern.edu, Kevin Anderson1, Phillip B. 
Messersmith1,2,3,4,5,6.  (1) Biomedical Engineering Department, Northwestern University, 
Evanston, IL 60208, United States  (2) Chemistry of Life Processes Institute, 
Northwestern University, Evanston, IL 60208, United States  (3) Robert H. Lurie 
Comprehensive Cancer Center, Northwestern University, Chicago, IL 60611, United 
States  (4) Chemical and Biological Engineering Department, Northwestern University, 
Evanston, IL 60208, United States  (5) Materials Science and Engineering Department, 
Northwestern University, Evanston, IL 60208, United States  (6) Institute for 
Bionanotechnology in Medicine, Northwestern University, Chicago, IL 60611, United 
States 

Surface fouling of biomedical devices by non-specific protein adsorption and cell 
attachment can lead to compromised device function. Surface-grafted zero-net-charge 
polymer brushes with zwitterionic or adjacent positive and negative charge groups have 
shown great promise in anti-fouling performance. However, an understanding of the 
spatial configuration in relation to the placement of the charge groups is required for the 
rational design of (pseudo)zwitterionic surfaces. We have prepared a series of 
peptidomimetic “peptoid” polymer surface brushes with absolute control over the 
sequence and separation of pairs of oppositely-charged sidechains. A large surface-
induced depression of the brushes' isoelectric point (IEP[brush]) has been measured by 
colloid probe AFM. Model proteins of similar molecular weights but with isoelectric 
points below and above IEP[brush]—serum albumin and avidin—are used to characterize 
the resistance to protein adsorption of the peptoid brushes. The correlation between this 
protein adsorption behavior and cell attachment is also investigated. 

COLL 655 

Study Peptide-membrane Interactions by Sum Frequency Generation 
Spectroscopy 

Bei Ding, bei@umich.edu, Zhan Chen.Department of Chemistry, University of 
Michigan, Ann Arbor, MI 48105, United States 

Sum frequency generation (SFG) vibrational spectroscopy has been applied to study 
peptides associated with cell membranes. Results on two peptides, Pep-1 and LL-37 
will be presented. Pep-1 is a cell penetrating peptide (CPP). We deduced the 
membrane orientations of Pep-1 on gel-phase and liquid-phase lipid bilayers at different 
peptide solution concentrations. This study unveiled the importance of lipid viscosity on 
CPP translocation, forming a foundation for further investigation of Pep-1 with 
peptide/proteins cargos. We developed SFG orientation analysis methodology to study 
LL-37, which is a bent helix. SFG experiments showed that LL-37 can interact with both 
zwitterionic and negatively-charged lipid bilayers but with different interaction patterns. 
This work shows that SFG can distinguish the subtle structural variance of biological 



molecules. This research provides a basis for future studies on various antimicrobial 
peptides (AMPs), helping design AMPs with better selectivity and activity to overcome 
drug resistance presented by bacteria. 

COLL 656 

In situ analysis of spatial and temporal variations in newly formed barnacle 
adhesive 

Daniel K Burden1, daniel.burden.ctr@nrl.navy.mil, Daniel E Barlow1, Christopher M 
Spillmann2, Richard K Everett3, Daniel Rittschof4, Beatriz Orihuela4, Kathryn J Wahl1.  
(1) Department of Chemistry, U.S. Naval Research Laboratory, Washington, DC 20375, 
United States  (2) Center for Bio/Molecular Science and Engineering, U.S. Naval 
Research Laboratory, Washington, DC 20375, United States  (3) Department of 
Materials Science and Technology, U.S. Naval Research Laboratory, Washington, DC 
20375, United States  (4) Duke University Marine Laboratory, Beaufort, NC 28516, 
United States 

Barnacles attach to nearly any submerged surface with a proteinaceous adhesive 
secreted and cured in a cyclical multi-step process. We are using epifluorescence 
microscopy, confocal fluorescence microscopy, and Fourier transform infrared (FTIR) 
microscopy to explore the chemical and optical properties of barnacle adhesive at the 
micron scale. Through in situ time-lapse optical microscopy of growing barnacles, we 
have shown that Balanus amphitrite releases an initial “barnacle cement secretion” 
(BCS1) continuously from the periphery of the barnacle during lateral growth and then 
injects an autofluorescent fluid (BCS2) into the interface periodically. Our experiments 
reveal that the strength of the nascent adhesive doubles upon addition of BCS2. We 
have found that this two-step process produces an adhesive with local compositional 
differences on the micrometer scale. In situ fluorescence emission spectra reveal 
variations in the adhesive that are mirrored by compositional differences observed by 
FTIR microscopy. The results demonstrate a significant change in protein composition 
and secondary structure over relatively short distances and time scales as the barnacle 
secretes and cures its adhesive. 

COLL 657 

Layer-by-layer Cellular Encapsulation with Dendritic Materials via Chemo-
Selective Staudinger Ligation 

Kerim M Gattas-Asfura1, agattas@med.miami.edu, Cherie L Stabler1,2.  (1) Diabetes 
Research Institute, University of Miami, Miami, FL 33136, United States  (2) Biomedical 
Engineering, University of Miami, Miami, FL 33136, United States 

Encapsulation of cells within biocompatible polymers is an attractive approach for the 
protection of transplants from immune attack. Stability and uniformity of the resulting 
coating is critically important to ensure long-term protection of the implant. As such, we 



sought to generate thin, nano-scale coatings on cell clusters via layer-by-layer film 
assembly. Alginate, poly(ethylene glycol) (PEG), and poly(amido amine) (PAMAM) 
dendrimer were functionalized with terminal Staudinger ligation's complementary 
groups. Resulting polymers were characterized via infrared, 1H NMR, and/or mass 
spectroscopies. We investigated the ability of these complimentary polymers to form 
thin, covalently-linked layers. Film assembly onto planar substrates revealed a linear 
increase with each deposited polymer, as monitored by ellipsometry. Incubation with 
islet cell clusters resulted in stable, uniform, nano-scale coatings. The effect of 
polymeric net surface charge, degree of functionalization, incubation time, polymer 
concentration, and number of deposited layers was evaluated with respect to islet 
viability and function. 

COLL 658 

Multivalent peptide-nanoparticle interactions for synthesis, assembly, and 
sensing 

Joseph M. Slocik, joseph.slocik@wpafb.af.mil, Rajesh R. Naik.Materials and 
Manufacturing directorate, Air Force Research Lab, WPAFB, OH 45403, United States 

Multivalent interactions are a common strategy used in chemistry and biology to 
increase the binding affinity of molecules. In chemistry, for instance, multi-dentate 
ligands are used to chelate metals and form highly active metal complexes; while, in 
biology, viruses display numerous peptide copies on their protein capsid to enhance 
cellular recognition. Because of these interactions, the use of phage displayed peptide 
libraries has had a tremendous impact in nanotechnology by offering an effective means 
for the selection and identification of target binding peptides against many different 
materials. Notably, these specific peptides have been applied to the synthesis, 
functionalization, and assembly of nanoparticles with great success. In spite of this, 
many phage derived sequences are used in the context of single synthetic peptides 
which result in a loss of multivalent interactions conferred by the phage. To address the 
role of peptide presentation on binding and functionality, we used a dendrimer 
framework to display multiple peptide copies reminiscent of how peptides are displayed 
by phages. We determined the binding affinities and bio-templating function of the 
multivalent peptides as compared to the monovalent peptide. Our results indicate 
increased binding affinities, altered nanoparticle assemblies, and improved sensing 
capabilities with the multivalent peptide constructs. 

COLL 659 

Interaction of water vapor with ionic liquid nanoparticles and thin films 

Sergey A Nizkorodov, nizkorod@uci.edu, Amanda C MacMillan, Theresa M McIntire, 
John W Morrison, Douglas J Tobias.Department of Chemistry, University of California, 
Irvine, Irvine, CA 92697-2025, United States 



Trace amounts of water in ionic liquids (ILs) significantly affect their physical properties. 
The interaction of water vapor with aerosolized nanoparticles and thin films of 
imidazolium-based ILs was investigated. The hygroscopic growth of IL nanoparticles 
was quantified as a function of relative humidity using tandem differential mobility 
analysis (TDMA). Uptake of water vapor by IL thin films was examined using ATR-FTIR 
spectroscopy. The equilibrium molar fraction of absorbed water was quantified. 
Molecular dynamics (MD) simulations were used to model IL-water interactions on a 
molecular level. The widths and positions of the H2O stretching vibrations predicted by 
MD qualitatively reproduced the ATR-FTIR results. Ongoing experiments investigate 
hygroscopic growth of aerosolized IL nanoparticles coated with a monolayer of 
surfactant SDS in order to investigate the effect of surface tension on the uptake of 
water vapor. 

COLL 660 

Ionic liquid polymers of ionic liquids 

Hong Gu, Daniel Chojnowski, John Texter, jtexter@emich.edu.School of Engineering 
Technology, Eastern Michigan University, Ypsilanti, MI 48197, United States 

We present the second example of an ionic liquid monomer that upon polymerization 
produces a lower melting homopolymer. The homopolymer of 1-(11-acryloyloxy 
undecyl)-3-methyl imidazolium tetrafluoroborate is an ionic liquid that melts just around 
room temperature. A glass transition is observed at about -27°C in this homopolymer, 
and can be tuned by incorporating comonomers like methylmethacrylate. The thermal 
stability of this homopolymer is significant with less than 10% decomposition at 400°C, 
and provides design criteria for creating new types of thermally stable polymers. 
Dielectric spectra indicate permittivities of 10-20 at 1 MHz are obtained over the 10-
50°C interval, so such polymeric liquids should be useful for new classes of capacitors. 
The viscosity varies over four orders of magnitude from 30 to 130°C, so such liquid 
polymeric ionic liquids offer interesting mechanistic opportunities for studying viscosity 
effects on reactions. These new materials should find numerous applications in 
advanced battery and fuel cell applications, in addition to formulating supercapacitors. 

COLL 661 

Interfacial and aggregation behavior of charged surfactants in ionic liquids 

Lang Chen, langc@polysci.umass.edu, Harry Bermudez.Department of Polymer 
Science and Engineering, University of Massachusetts Amherst, Amherst, MA 01003, 
United States 

Room-temperature ionic liquids (ILs) exhibit a unique set of properties, leading to 
opportunities for numerous applications. We set out to obtain a better understanding of 
both interfacial and aggregation behavior of charged surfactants within ILs. 



Because of their extremely low vapor pressure, ILs lend themselves to ultra-high 
vacuum techniques such as X-ray photoelectron spectroscopy (XPS). XPS confirms the 
surface acitivity of charged surfactants at IL interfaces, and reveals further unique 
information. For example, surfactant counterions are completely dissociated from the 
interface. 

Solubility phase diagrams and isotherms were then constructed, revealing the critical 
role of temperature. A connection between solubility of the surfactant and the physical 
properties of the underlying ionic liquid was established. We conclude that the interfacial 
energy is crucial in both solubility and aggregation behavior. The results here give 
insight into explaining the nature of self-assembly of surfactants at IL interfaces and the 
interaction between solutes and IL solvents. 

COLL 662 

Computational model for nanocarrier adhesion to cell surfaces validated using in 
vivo, in vitro, and atomic force microscopy experiments 

Ramakrishnan Natesen, ramn@seas.upenn.edu, Jin Liu, Ravi 
Radhakrishnan.Bioengineering, University of Pennsylania, Philadelphia, PA 19104, 
United States 

A computational methodology based on Monte Carlo and the weighted histogram 
analysis method has been developed to calculate the absolute binding free energy 
between functionalized nanocarriers (NC) and endothelial cell (EC) surfaces. The 
calculated NC binding free energy landscapes yield binding affinities that agree 
quantitatively when directly compared against analogous measurements of specific 
antibody-coated NCs (100 nm in diameter) to intracellular adhesion molecule-1 (ICAM-
1) expressing EC surface in in vitro cell-culture experiments. The effect of antibody 
surface coverage (σs) of NC on binding simulations reveals a threshold σs value below 
which the NC binding affinities reduce drastically and drop lower than that of single anti-
ICAM-1 molecule to ICAM-1. The model suggests that the dominant effect of changing 
σs around the threshold is through a change in multivalent interactions; however, the 
loss in translational and rotational entropies are also important. We also discuss the role 
of membrane deformation in mediating the NC adhesion. 

COLL 663 

Polysaccharide films built by simultaneous or alternated spraying: A rapid way to 
engineer surfaces 

Gwenaelle Cado1, gwenaelle.cado@gmail.com, Armelle Chassepot2, Pierre Schaaf1, 
Yves Frere1, Fouzia Boulmedais1.  (1) UPR 022 - ICS, CNRS, Strasbourg, France  (2) 
UMR 977, Inserm, Strasbourg, France 



“Simultaneous Spray Coating of Interacting Species” (SSCIS): a new method to coat 
surfaces. SSCIS is inherited from the Spray-assisted Layer-by-Layer (LbL) deposition 
which attracted considerable attention since 2000. SSCIS is a simultaneous deposition 
of interacting components on a surface leading to a fast buildup of non-layered 
coatings. A comparison between SSCIS and Spray-assisted LbL method will be made 
using biodegradable natural polysaccharide coatings. 

We will focus on the influence of the sprayed charge ratio on the film growth rate, the 
rules driving the construction and the morphologies. A correlation between the film 
growth and the size of the complexes, leading to the films construction, is established. 

The potential of these polysaccharide films in the field of biomaterials is demonstrated 
by studying their biocompatibility. 

The SSCIS method appears to be a promising avenue towards fast and easy industrial 
non-layered coatings construction. 

COLL 664 

Layer-by-layer assembly of intumescent nanocoatings for flame retardant fabric 

David Hagen1, david_hagen@tamu.edu, Yu-Chin Li3, Jaime C. Grunlan1,2,3.  (1) 
Department of Mechanical Engineering, Texas A&M University, College Station, TX 
77843-3123, United States  (2) Department of Chemical Engineering, Texas A&M 
University, College Station, TX 77843-3122, United States  (3) Materials Science and 
Engineering Program, Texas A&M University, College Station, TX 77843-3003, United 
States 

By treating cotton with intumescent nanocoatings, composed of polyallylamine and 
polysodium phosphate, prepared via layer-by-layer (LbL) assembly, no ignition occurs 
(i.e., the fabric did not burn when exposed to direct flame). With a 20-bilayer 
nanocoating, total heat release is reduced 65% compared to the uncoated fabric, with 
only 4 wt% added. When chitosan and phytic acid are used in place of polyallylamine 
and PSP, respectively, a fully-renewable nanocoating is produced with comparable 
antiflammable behavior on cotton. This work demonstrates the first intumescent 
treatments made using layer-by-layer assembly and provides environmentally benign 
alternatives to commonly used halogenated materials for rendering fabric flame 
retardant. 

COLL 665 

Dependence of Langmuir monolayer lateral compression modulus on molecular 
length, shape and compression speed 

Mengyang Li1,2, mli@shepherd.edu, Kelli Moffett1, Brittani Love1, Phillip Sinsky1, 
Brittany Ioset2.  (1) Department of Chemistry, Shepherd University, Shepherdstown, WV 



25443, United States  (2) Department of Chemistry, Houghton College, Houghton, NY 
14744, United States 

For Langmuir monolayers of the straight chain saturated C16, C18, C20 and C24 fatty 
acids on water, we observed a strong trend that greater the lateral compression speed, 
lower the maximum compression modulus (lower the resistance to lateral compression). 
We observed a trend that the monolayers of shorter fatty acid molecules tend to have 
higher maximum compression modulus (greater resistance to lateral compression).  

We observed that the monolayers of L-shaped cis-H(CH2)6CH=CH(CH2)9COOH (cis-
C18 acid) and of kinked trans-H(CH2)6CH=CH(CH2)9COOH (trans-C18 acid) reach their 
maximum compression modulus at 31 and 25 Å2/molecule, respectively, larger than the 
19 Å2/molecule where the straight chain C18 acid monolayer reaches its maximum 
compression modulus. The monolayers of L-shaped cis-C18 and of kinked trans-C18 
acids have much lower maximum compression modulus than the straight C18 acid 
monolayer does. The maximum compression modulus of L-shaped cis-C18 and of 
kinked trans-C18 acids monolayers has no strong dependence on compression speed. 

COLL 666 

Surface engineered liquid crystal droplets as novel biosensors 

Tanmay Bera, Tanmay.Bera@ucf.edu, Jiyu Fang.Department of Mechanical Materials 
and Aerospace Engineering, University of Central Florida, Orlando, FL 32816, United 
States 

The droplets of liquid crystals have unique optical properties combined with very high 
surface area and sensitive interfacial properties. This is why they are finding increasing 
research attention for several applications. Previously, we demonstrated that 
polyelectrolyte coated LC droplets can be surface modified to optically respond to any 
changes at their interface or solution environment. Herein we report that LC droplets 
surfaces can be suitably tailored to detect small charged species. We used dendrimers, 
as the model charged species to explore the mechanism of interactions. Using the 
same principle of electrostatic attachment, polyelectrolyte stabilized LC droplets were 
used for quantitative detection of detect biologically relevant species namely proteins 
like BSA and viruses like TMV, CPMV. The LC droplets, stabilized by surfactants, could 
also be used to detect carcinogens like Lithochloric acid, a naturally occurring bile acid 
that is associated with colon cancer. In this case the mechanism was the replacement 
of surfactants form the LC-water interface. Thus in this work we highlight that surface 
engineered LC droplets can be used as novel sensing platform to detect medically 
important species. Such a detection technique was found to extremely sensitive, as 
μg/mL level concentrations could easily be detected using just an optical microscope. 
Hence, we believe that surface engineered LC droplets have the potential to be one of 
the next generation biosensing platforms. 

COLL 667 



Controlling Surface Properties of Metal Oxide Nanoparticles using Self 
Assembled Monolayers and Polymer Brushes 

Rosalynn Quiñones, rquinones@washjeff.edu, Robbie J. Iuliucci, Kate 
Rodriguez.Chemistry, Washington & Jefferson College, Washington, PA 15301, United 
States 

Polymer thin films are proving to be increasingly important because of their 
indispensable role in applications such as coatings, polymer-based bulk 
heterojunctions, nanolithography, and sensors. Zinc oxide (ZnO) and silicon oxide 
(SiO2) nanoparticles have emerged as fascinating metal oxide semiconductor 
nanomaterials. 

Recently, there has been much interest in polymer film modification onto semiconductor 
nanoparticles due to their efficiency in tunable wavelength light emission, which has led 
to increased application of luminescent nanoparticles making their study very intriguing. 
For such purposes, controlling the surface functionalization is important and can be 
tailored by the attachment of organic acids via self-assembled monolayers (SAMs). In 
this study, metal oxide nanoparticles (ZnO and SiO2) were modified using SAMs with 
carboxylic, hydroxamic, phosphonic, and sulfonic acid functional groups. The modified 
nanoparticles were then characterized using infrared spectroscopy (IR), solid-state 
nuclear magnetic resonance spectroscopy (SS-NMR), powder X-ray diffraction (PXRD), 
and scanning electron microscopy (SEM). Electrochemical analyses were performed to 
analyze the charge transfer effect of the modified samples using cyclic voltammetry 
(CV). 

The effects that various polymers have on the modified nanoparticles have been 
studied. Here, the polymers were grafted onto the surface by surface-initiated free 
radical polymerization (SIP) using azo-initiators. These attachments that may alter the 
photoreceptive abilities of the nanoparticles by the creation of polymer brushes using 
styrene, Bis[2-(methacryloyloxy)ethyl] phosphate, and 4-Allyloxy-2-
hydroxybenzophenone. The modified nanoparticles were characterized via the 
instrumentation listed, and changes in physical or chemical properties were noted. 

COLL 668 

Dispersibility and exfoliation of Laponite RD clay in liquid media 

Hongwei Shen, hshen@dow.com, Ruanqiao Rao, Jeffrey Munro.Core R&D, Dow 
Chemical Company, Spring House, PA 19477, United States 

High aspect-ratio single-crystal Laponite RD clay nano-platelets can improve many 
polymeric material properties, including strength, stiffness, and high elongation-to-break 
ratio, without causing significant change in viscosity. Understanding mechanisms of clay 
dispersion and exfoliation in liquid media can help to find effective ways to achieve good 
dispersibility and full exfoliation and thus to realize desired material properties. In this 



study, the effect of H-bonding and Mg ion bridging on dispersibility and exfoliation was 
investigated. It was found that dialysis removed Na ions and in water this removal 
resulted in small sizes while in non-aqueous media this removal resulted in large sizes. 
The study also demonstrated H-bond did not have a significant effect on Laponite RD 
dispersion while free Mg ion effect could remain constant since free Mg ions were in 
equilibrium with Mg in Laponite RD. In addition, the exfoliation of Laponite RD was 
discussed in some detail. 

COLL 669 

Tuning of ligand chemistry to optimize the interfacial properties in polymer 
nanocomposites 

Rakhee Pani2, rcpani@ncsu.edu, Yaroslava G. Yingling1.  (1) Material Science and 
Engineeering, North Carolina State University, Raleigh, North Carolina 27695, United 
States  (2) Material Science and Engineeering, North Carolina State University, Raleigh, 
North Carolina 27695, United States 

Polymer nanocomposites exhibit superior properties and used in various industrial 
applications. Addition of inorganic nanoparticles allows the design of nanocomposite 
with enhanced mechanical, optical, electronic and magnetic properties. Surface 
modification of such nanoparticles can be done to improve their functionality in terms of 
colloidal stability, dispersion thereby prevent aggregation. However such modification 
decreases their surface energy and adhesion to the polymer matrix which directly 
affects nanocomposite performance. In this study we investigate the interfacial 
properties of polymers (polystyrene (PS), poly-(methyl methacrylate) (PMMA)) and 
diblock copolymers (PS-PMMA) and gold nanoparticle functionalized with alkanethiol 
ligands (AuNP) with hydrophobic and hydrophilic end groups in non-polar solvent using 
atomistic MD simulations. With presence of hydrophobic alkanethiol ligands PMMA 
wrap more efficiently and interacts strongly with the AuNP than PS. Also polystyrene 
wraps onto itself through formation of pi-pi interactions and is much less affected by the 
presence of AuNP. Apart from conformational change the polarity of the solvent 
significantly influence the flexibility of the polymer and interfacial binding free energy of 
polymers and AuNPs. The results of this study will provide better insight into processing 
conditions and structural ordering of nanoparticles in these composites. 

COLL 670 

Preparation, properties and modeling of luminescent lanthanide labelled 
graphene-oxide 

Amanda L. Jenkins1, amanda21801@yahoo.com, Alex Balboa2, Margaret M. Hurley3, 
Christopher J Karwacki2.  (1) Analytical Science Konsulting Inc., Hebron, MD 21830, 
United States  (2) CBR Filtration Team, US Army ECBC, Edgewood, MD 21010, United 
States  (3) WMRD, Army Research Laboratory, Aberdeen Proving Ground, MD 21005, 
United States 



Interest in graphene based materials is high because of their unique mechanical and 
electrical properties. These properties can be tuned or modified to create many novel 
materials. The possible applications include sensors, transistors, solar cells, touch 
panels, etc. Luminescence of graphene oxide has been studied, however success has 
been limited by a lack of uniformity in the treatment techniques and the inability to make 
strongly luminescent materials. In an effort to create a highly luminescent graphene 
material, have the ability to probe binding sites, and provide selectivity for chemical 
targets, luminescent lathanides (europium and terbium) have been complexed with 
graphene-oxide. The co-ordination of the lanthanide with the graphene-oxide was 
verified by laser induced fluorescence as well as SEM and TEM. Molecular modeling of 
the complexes were also conducted to provide a better understanding of the surface 
interactions and provide future directions. 

COLL 671 

Mixed solvents to exfoliate and stabilize graphene sheets 

Andrew J Oyer1, andrew.oyer@uconn.edu, Jan-Michael Y Carrillo1,3, Chetan C Hire1, 
Hannes C Schneipp4, Alexandru D Asandei1,3, Andrey V Dobrynin1,3, Douglas H 
Adamson1,2.  (1) Polymer Science, University of Connecticut, Storrs, Connecticut 06269, 
United States  (2) Department of Chemistry, University of Connecticut, Storrs, 
Connecticut 06269, United States  (3) Department of Physics, University of Connecticut, 
Storrs, Connecticut 06269, United States  (4) Department of Applied Science, The 
College of William and Mary, Williamsburg, Virginia 23185, United States 

Using a combination of computational and experimental techniques, the exfoliation and 
suspension of graphene is investigated. MD simulations show that an equimolar mixture 
of Benzene (C6H6) and Hexafluorobenzene (C6F6) has the highest affinity for graphene 
and forms an ordered periodic layer extending up to 30Å from the sheet surface. 
Quadrupolar interactions are seen as the driving force of the solvent structuring leading 
to stacks of alternating C6H6/C6H6 molecules with density oscillations of about 3.4Å 
corresponding to the van der Waals diameter of carbon. Experimentally the surface 
affinity of the solvents is verified using dynamic contact angle measurements. AFM, 
SEM, and TEM techniques are used to demonstrate the quality of the graphene sheets 
after sonication in the mixed solvents. At high concentrations the mixture is freeze-dried 
at room temperature to produce sponge-like graphene structures held together by 
graphene interactions and reflecting the structure of the graphene sheets in solution. 

COLL 672 

Surface modification with perfluoro substituted isophthaloic acid for reduction of 
surface wettability with non-aqueous liquids 

Tugba Demir, tdemir@clemson.edu, Michael Seeber, Yuriy Galabura, Bogdan Zdyrko, 
Igor Luzinov.Material Science and Engineering, Clemson University, Clemson, SC 
29631, United States 



A perfluoro substituted isophthaloic acid (PF-IsoCOOH) has been synthesized via 
Scotthen-Baumann reaction of isophthaloyl chloride with perfluoro alcohols in the 
presence of a triethylamine in methyl ethyl ketone (MEK). PF-IsoCOOH was 
characterized using 1H, 13C NMR, FT-IR, TGA and DSC. The acid was used for surface 
modification of Si wafers in order to create an oleophobic substrate. First of all, surface 
of silicon wafer was modified with poly(glycidyl methacrylate) (PGMA), used as an 
anchoring layer. Next, PF-IsoCOOH was grafted to attach fluorinated functional groups 
to the surface. Variation of temperature of the attachment allowed controlling the 
concentration of fluorinated species on the surface. Finally, wettability of the coatings 
with aqueous solvents, such as water, and non-aqueous solvents, such as hexadecane 
and tri-butylphosphate, was determined using contact angle measurements. The 
obtained fluorinated grafted layers demonstrated significantly reduced wettability. 

COLL 673 

Stabilizing Effect of Polyvinylpyrrolidone for Aqueous Ferrocenium Generation 

Trevor J Simmons1,2, trevorjohnsimmons@gmail.com, Jianjun Miao2,3, Minoru 
Miyauchi2, Jonathan S Dordick1,2,3,4,5, Robert J. Linhardt1,2,3,4,5.  (1) Department of 
Chemistry & Chemical Biology, Rensselaer Polytechnic Institute, Troy, NY 12180, 
United States  (2) Rensselaer Nanotechnology Center, Rensselaer Polytechnic Institute, 
Troy, NY 12180, United States  (3) Department of Chemical and Biological Engineering, 
Rensselaer Polytechnic Institute, Troy, New York 12180, United States  (4) Department 
of Biomedical Engineering, Rensselaer Polytechnic Institute, Troy, New York 12180, 
United States  (5) Department of Biology, Rensselaer Polytechnic Institute, Troy, New 
York 12180, United States 

The ferrocene (Fc) molecule can be converted to ferrocenium (Fc+) in solution with use 
of oxidants like AgNO3 and Ga(NO3)3, but the resultant ferrocenium ion is not stable in 
most aqueous solvents. In this work, the addition of polyvinylpyrrolidone (PVP) to 
methanol allows for the stable formation of ferrocenium, and the Fc+-PVP complex is 
stable for several weeks. The ability of the polymer surfactant PVP to drive the redox 
chemistry of Fc to Fc+ forward and stabilize the resultant Fc+ ion in solution will be 
discussed along with possible applications of this complex, including solar cells and 
catalysis. 

COLL 674 

Gold oxide as a masking layer for regioselective surface chemistry 

Kevin M. Cook1, kmc208@lehigh.edu, Daniel A. Nissley1, Gregory S. Ferguson1,2.  (1) 
Department of Chemistry, Lehigh University, Bethlehem, Pennsylvania 18015, United 
States  (2) Department of Materials Science & Engineerring, Lehigh University, 
Bethlehem, Pennsylvania 18015, United States 



Selective modification of electrode surfaces is a potentially important step in the 
development of many practical applications of self-assembled monolayers (SAMs). We 
have developed a convenient protection–deprotection strategy, using anodically 
produced gold oxide as a masking layer, that allows the directed self-assembly of a 
monolayer film on a selected gold electrode in the presence of another. This method 
relies on the difference in reactivity of dialkyl disulfides with gold and gold oxide 
reported by Rubinstein and coworkers. Detailed characterization of both the oxide and 
monolayer films was accomplished using a combination of x-ray photoelectron 
spectroscopy and spectroscopic ellipsometry. 

COLL 675 

Water-gated charge doping of graphene induced by mica substrates 

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

We report a novel water-gated charge doping in graphene supported on atomically flat 
mica substrates studied with Raman spectroscopy and scanning Kelvin probe 
microscopy (SKPM). Thin water molecular films in units of ~0.4 nm-thick bilayers were 
randomly generated at the interface of graphene/mica hetero-stacks prepared by 
micromechanical exfoliation of kish graphite. The spectral variation of the G and 2D 
bands visualized by Raman mapping shows that mica substrates induce strong and 
virtually constant p-type doping in graphene with hole density of 9x1012 cm-2. The atom-
thick interfacial water films, however, effectively block the interfacial charge transfer 
making graphene almost charge-neutral. SKPM independently confirmed the water-
gated modulation of the Fermi level by 0.35 eV, which matches well with the optically 
determined hole density. The manipulation of the electronic properties of graphene 
shown in this study should serve as a useful tool in realizing future graphene 
applications. 

COLL 676 

Multivalent binding motifs for the noncovalent functionalization of graphene 

Jason A Mann, jam668@cornell.edu, Joaquín Rodríguez-López, Héctor D Abruña, 
William R Dichtel.Department of Chemistry and Chemical Biology, Cornell University, 
Ithaca, NY 14853, United States 

Single-layer graphene is a newly available conductive material ideally suited for forming 
well-defined interfaces with electroactive compounds. Aromatic moieties typically 
interact with the graphene surface to maximize Van der Waals interactions, 
predisposing most compounds to lie flat on its basal plane. A tripodal motif binds 
multivalently to graphene through three pyrene moieties and projects easily varied 
functionality away from the surface. The thermodynamic and kinetic binding parameters 
of a tripod bearing a redox-active Co(II) bis-terpyridyl complex were investigated 



electrochemically. The complex binds strongly to graphene and forms monolayers with 
a molecular footprint of 2.3 nm2 and a ΔGads = –38.8 ± 0.2 kJ mol–1. Its monolayers are 
stable in fresh electrolyte for more than 12 h and desorb from graphene 1000 times 
more slowly than model compounds bearing a single aromatic binding group. Tripods 
with naphthalene or phenanthrene moieties also desorb more rapidly than those with 
pyrene. 

COLL 677 

Role of ligand structure on the optical and electrical properties of PbSe 
nanocrystalline films 

Anthony R. Smith1, arsmith181@gmail.com, William B Heuer2, Woojun Yoon1, Janice 
E Boercker3, Joseph G Tischler3, Edward E Foos3.  (1) NRC Postdoctoral Research 
Associate at the U.S. Naval Research Laboratory, Washington, DC 20375, United 
States  (2) Department of Chemistry, U.S. Naval Academy, Annapolis, MD 21402, 
United States  (3) U.S. Naval Research Laboratory, Washington, DC 20375, United 
States 

Densely packed films of PbSe nanocrystals are currently of interest for photovoltaic 
applications. Using a layer-by-layer dip coating process, a variety of bi-functional 
organic and small inorganic ligand molecules are studied in the formation of nanocrystal 
films. In this process, the native oleic acid surfactant is removed through ligand 
exchange depositing roughly a monolayer of PbSe nanocrystals onto the substrate with 
each successive cycle, creating a thin, approximately 100 nm film. The optical 
properties of the films are characterized and tracked over time to determine stability in 
ambient atmosphere. The first excitonic peak of the PbSe nanocrystals is used to 
determine the oxidation behavior of the film over a one month period. A small set of 
dicarboxylic acid ligands is then examined electronically to determine the functional 
properties of the film in a device structure. Unique spectroscopic differences attributed 
to the conformationally fixed fumaric and maleic acids will be presented. Non-radiative 
optical coupling that is a result of ligand exchange is determined to be highly dependent 
on ligand structure while independent of the final electronic properties of the device. The 
effect of ligand identity on the photovoltaic properties of the films will also be discussed. 

COLL 678 

On-water catalysis at hydroxide-charged aqueous hydrophobe interfaces 

James K Beattie, james.beattie@sydney.edu.au, Christopher S P McErlean, 
Christopher B W Phippen, Kaitlin D Beare.School of Chemistry, University of Sydney, 
Sydney, NSW 2006, Australia 

Interfaces of water with low-dielectric hydrophobic materials, whether gas, liquid or 
solid, become negatively charged by the adsorption of hydroxide ions created by 
enhanced autolysis (Gray-Weale & Beattie, PCCP 11 , 10994 (2009)). Paradoxically, 



this leads to acid-catalysis of reactions conducted in oil-in-water emulsions (Beattie, 
McErlean, Phippen, Chem Eur. J. 16 , 8972 (2010)). The prevailing explanation for this 
on-water catalysis ascribes it to stabilisation of the transition state by hydrogen bonding 
at the interface (Jung & Marcus, JACS 129 , 5492 (2007)). We show that catalysis 
occurs with substrates even in the absence of hydrogen bonding. Furthermore, 
reactions that are not subject to acid catalysis when conducted with neat reagents or in 
organic solution do not display on-water catalysis when conducted in an emulsion. The 
hydrogen bonding explanation can be replaced by a mechanism that involves the acid-
base properties of the interface. 

COLL 679 

In operando studies to elucidate reactions at fuel cell catalysts 

Christina Roth1,2, christina.roth@kit.edu, Ditty Dixon1, Sebastian Kaserer2, Alexander 
Schoekel2, Anja Habereder2, Julia Melke1, Keegan Caldwell3, David E Ramaker3.  (1) 
Institute for Applied Materials - Energy Storage Systems, Karlsruher Institute of 
Technology, Eggenstein-Leopoldshafen, Germany  (2) Materials Science, Technische 
Universität Darmstadt, Darmstadt, Hesse 64287, Germany  (3) Chemistry, George 
Washington University, Washington DC, United States 

For the successful design of tailored electrocatalysts for fuel cell applications detailed 
information about the dominant reactions during operation is required. This can be 
achieved by in operando X-ray absorption spectroscopy providing insight into the 
catalyst structure and reaction mechanisms simultaneously. In conjunction with 
accelerated stress tests the capability of novel materials can be investigated, whereas 
the development of specialized in-situ cells and sample environments helps to elucidate 
poisoning and degradation phenomena "online". 

COLL 680 

Mechanistic Study of Heterogeneous Carbon Dioxide Reduction at Metal 
Electrodes 

Zachary M Detweiler, zdetweil@Princeton.EDU, Steven L Bernasek, Andrew B 
Bocarsly.Chemistry, PRINCETON UNIVERSITY, PRINCETON, New Jersey 08544, 
United States 

CO2 reduction chemistry has been around for decades, recently garnering more 
attention as an alternative fuel source. The products of heterogeneous, electrochemical 
CO2 catalysis have been well characterized; however, there is little work that attempts to 
elucidate the variables controlling the mechanism of reduction at different electrode 
interfaces. Insight into these processes could lead to the design of alloys and 
composites that yield more efficient, interesting and useful products. Understanding 
CO2 reduction at metal and semiconductor electrodes is greatly dependent on 
determining the molecular environment of the CO2 molecule. Electrode and CO2 



interactions can be probed using XPS, HREELS, ATR-IR and cyclic voltammetry. This 
information is then used to create a picture of the mechanism of CO2 reduction at 
different electrodes. Of primary interest is formate production at indium and indium 
oxide electrodes, due to increased Faradaic efficiency in the presence of an oxide film 
on an indium electrode. 

COLL 681 

Insights on Oxygen Reduction Reaction on Au Polycrystalline Surface as Seen by 
in situ Surface Enhanced IR Absorption Spectroscopy 

YuYe J. Tong, yyt@georgetown.edu.Department of Chemistry, Georgetown University, 
Washington, DC 20057, United States 

Unraveling detailed reaction pathways for oxygen reduction reaction (ORR) on metal 
surfaces has been a long-standing challenge in the field of electrocatalysis. In this 
presentation, we will discuss mechanistic insights on ORR on polycrystalline Au surface 
obtained by using in situ surface enhanced IR absorption spectroscopy (SEIRAS) that 
was further aided by ab initio DFT calculations in assigning observed reaction 
intermediates. With these reaction intermediates assigned, we were able to work out for 
the first time the ORR reaction pathways on Au in both 0.1M HClO4 and 0.1M H2SO4 
supporting electrolytes. Proton transfer is likely the most important reaction-control step. 
Therefore, any mechanism that enhances proton transfer will probably enhance the 
ORR. Moreover, experimental evidence suggests that 3-fold ClO4

– adsorption helps 
stabilize hydronium on the surface and thus enhances the proton transfer reaction. In 
contrast, strong adsorption of HSO4

– seems to do the opposite. 

COLL 682 

Understanding Methane Dissociation on Ru(0001) 

R. Kramer Campen1, campen@fhi-berlin.mpg.de, Harald Kirsch1, Zefeng Ren2, Martin 
Wolf1.  (1) Physical Chemistry Department, Fritz Haber Institute of the Max Planck 
Society, Berlin, Germany  (2) International Center for Quantum Materials, Peking 
University, Beijing, China 

Understanding the dissociation of methane on transition metal surfaces is a 
longstanding challenge in heterogeneous catalysis. However, at high 
pressures/temperatures it is challenging to characterize this chemistry. Ultra high 
vacuum allows access to a suite of surface analytical tools but makes it challenging to 
prepare well defined samples. To overcome this challenge, we employ a molecular 
beam of CH4/CD4 to generate adsorbed methyl radicals on the Ru(0001) surface and 
characterize the resulting dissociation with vibrational sum-frequency spectroscopy and 
temperature programmed desorption as a function of surface temperature and 
coverage. This approach allows us to quantify the arrhenius activation energy (Ea) for 
CH2 dehydrogenation at terraces and steps: 63 and 45 kJ/mol respectively. The terrace 



Ea is 4x higher than that determined in prior computational studies. The discrepancy 
likely results from a CH2 orientation different from that found previously but consistent 
with the spectral response. 

COLL 683 

Hot Stuff! Vibrational studies of surface chemistry in high temperature solid oxide 
fuel cells 

Robert A Walker, rawalker@chemistry.montana.edu, John D. Kirtley, David M Halat, 
Melissa McIntyre.Department of Chemistry and Biochemistry, Montana State University, 
Bozeman, MT 5, United States 

Carbon formation or “coking” on solid oxide fuel cell (SOFC) anodes adversely affects 
performance by blocking catalytic sites and reducing electrochemical activity. 
Quantifying these effects, however, often requires correlating changes in SOFC 
efficiency measured during operation with the results from ex situ measurements 
performed after the SOFC has been cooled and disassembled. We have recently begun 
coupling vibrational Raman spectroscopy with chronopotentiometry to correlate directly 
the relationship between graphite deposited on nickel anodes by methane and the 
electrochemical characteristics of SOFCs operating at 720˚C. Time dependent 
spectroscopic and electrochemical measurements pass through correlated equivalence 
points providing unequivocal, in situ evidence that identifies how SOFC performance 
depends on the chemical composition of its anode. The chronopotentiometric data can 
be used to quantify the amount of carbon initially present on the SOFC anode. 
Electrochemically driving the SOFC to complete Ni anode oxidation significantly and 
irreversibly damages the device. 

COLL 684 

Hot carrier-driven chemistry: influence of light irradiation on catalytic activity of 
CO oxidation on Pt-CdSe-Pt nanodumbbells 

Sun Mi Kim1, jeongypark@kaist.ac.kr, Seon Joo Lee2, Sangku Kwon1, Kiju Yee3, 
Hyunjoon Song2, Gabor A. Somorjai4, Jeong Young Park1.  (1) Graduate School of 
EEWS, Kaist, Daejeon, Republic of Korea  (2) Department of Chemistry, Kaist, 
Daejeon, Republic of Korea  (3) Department of Physics, Chungnam National University, 
Daejeon, Republic of Korea  (4) Department of Chemistry, University of California, 
Berkeley, California 94720, Republic of Korea 

Among multicomponent hybrid nanostructures, nanocatalysts composed of a metal-
semiconductor junction provide an interesting platform to study the role of metal-oxide 
interfaces and hot electron flows in heterogeneous catalysis. In this talk we show that 
hot carriers generated upon photon absorption significantly impact the catalytic activity 
of CO oxidation. Pt-CdSe-Pt nanodumbbells were prepared by the selective growth of 
metal tips onto semiconductor quantum rods. CO oxidation was carried out on Pt-CdSe-



Pt nanodumbell arrays under light irradiation or dark conditions, respectively. We found 
that the Pt-CdSe-Pt nanodumbbells exhibited a higher turnover frequency by a factor of 
two during irradiation by light with energy higher than the bandgap of CdSe, while the 
turnover rate on bare Pt nanoparticles did not change, regardless of the light conditions. 
The electrical properties and the bandgap of CdSe were characterized separately with 
conductive probe atomic force microscopy. We suppose that hot electrons are 
generated upon the absorption of photons by the semiconducting nanorods, whereafter 
the hot electrons were injected into the Pt nanoparticles, resulting in the change in 
catalytic activity. 

COLL 685 

Using chemically modified electrodes to gain mechanistic insight into the 
pyridinium-catalyzed photoelectrochemical reduction of carbon dioxide 

Travis W Shaw, twshaw@princeton.edu, Jeffrey Schwartz, Andrew B 
Bocarsly.Department of Chemistry, Princeton University, Princeton, NJ 08544, United 
States 

Pyridinium-catalyzed photoelectrochemical reduction of carbon dioxide represents a 
promising route for the efficient formation of fuels from this Earth abundant gas. In order 
to better understand this process, chemically modified electrodes bearing structurally 
diverse, pyridinium-containing moieties have been constructed. These electrodes can 
be used to probe how the catalyst-surface interaction affects reaction efficiency and the 
resulting product distribution. 

 

 
 


