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Surface induced bond strengthening via back donation: A first-principles
discovery

Scott Simpson?, scottsim@buffalo.edu, James Hooper?, Donna Kunkel®, Axel Enders?®,
Eva Zurek'.A (1) Chemistry, State University of New York, University at Buffalo,
Buffalo, NY 14260, United StatesA (2) Department of Theoretical Chemistry,
Jagiellonian University, KrakA3w, PolandA (3) Department of Physics and Astronomy,
University of Nebraska-Lincoln, Lincoln, NE 68588, United States

The interaction between benzene and the Cu(111) surface can be explained by the
Dewar, Chatt, Duncanson model in which electron density is donated from the
adsorbate HOMO to the metal surface, with concomitant back donation from the surface
to the molecular LUMO. During surface adsorption the C-C bonds elongate since an
MO which is pi-bonding between adjacent carbon atoms is depopulated, and an MO
which is C-C pi-antibonding becomes patrtially filled. We, on the other hand, report a
first-principles study which illustrates that back donation from a coinage metal surface
into the LUMO of an organic adsorbate can actually strengthen the intramolecular bond
within the organic. This finding is in stark contrast to the countless examples which
illustrate that back donation results in a weakening and lengthening of the bond into
which electron density is donated. We further illustrate that the level alignment between
the Fermi level of the surface and the frontier molecular orbitals of the organic, the
topology of the LUMO and its overlap with the metal bands are important in discovering
molecule/surface combinations which may result in bond strengthening as a result of
backdonation. Finally, the effect of the coverage on the change in the bond lengths is
examined.

COLL 2

Super-resolution mapping of photogenerated electron and hole separation in
single metal-semiconductor nanocatalysts

Ning Fang'?, nfang@iastate.edu, Ji Won Ha'?, Rui Han?.A (1) Department of
Chemistry, lowa State University of Science and Technology, Ames, lowa 50011,
United StatesA (2) Ames Laboratory, U.S. Department of Energy, Ames, IA 50011,
United States

Metal-semiconductor heterostructures are promising visible light photocatalysts for
many chemical reactions. Here, we use high-resolution super-localization imaging to
reveal the nature and photocatalytic properties of the surface active sites on single Au-
CdS hybrid nanocatalysts. We experimentally reveal two distinct, incident energy-
dependent charge separation mechanisms that result in completely opposite photo-
generated active sites (e” and h*) and divergent energy flows on the hybrid
nanocatalysts. The specifically designed Au-tipped CdS heterostructures with a unique
geometry (two Au nanoparticles at both ends of each CdS nanorod) provide more



convincing high-resolution single-turnover mapping results and clearly prove the two
charge separation mechanisms. Engineering the direction of energy flow at the
nanoscale can provide an efficient way to overcome important challenges in
photocatalysis, such as controlling catalytic activity and selectivity. These results bear
enormous potential impact on the development of better visible light photocatalysts for
solar-to-chemical energy conversion.

COLL 3
Oxidation of PbSe and PbS quantum dots: Theoretical insights

Svetlana Kilina, skilina@gmail.com, Michael Mayo.Chemistry and Biochemistry, North
Dakota State University, Fargo, ND 58108, United States

Quantum Dots (QDs) show promise for many technological applications, including
photocatalysis and photovoltaics. However, their photophysical properties are sensitive
to surface oxidation, resulting in uncontrollable luminescence quenching. Using density
functional theory (DFT) and time dependent DDFT (TDDFT), we simulate the oxidation
process on the surface of Pb1sSe1s and PbgsSes QDs and its effect on their electronic
and optical properties. When oxygen is substituted for Se/S ions, the electronic
properties of the QD are insignificantly perturbed. In contrast, if oxygen is adsorbed on
the QD surface and coordinated with two Pb ions, it introduces additional unoccupied
states inside the QD's bandgap, so called mid-gap states. Such states are hybridized
between the oxygen and the QD's surface atoms and contribute to the lowest-energy
optically dark or semi-dark transitions resulting in quenching of luminescence of QDs. In
contrast, if the oxygen is coordinated with Se/S and Pb ions on the surface, the mid-gap
states are not present and the optical transitions are similar to those of the non-oxidized
QDs.
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Mechanism of selective recognition of cubic platinum nanocrystals by peptides in
aqueous solution

Hadi Ramezani-Dakhel', hr15@zips.uakron.edu, Lingyan Ruan?, Yu Huang®®, Hendrik
Heinz'.A (1) Department of Polymer Engineering, University of Akron, Akron, Ohio
44325, United StatesA (2) Department of Materials Science and Engineering,
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NanoSystems Institute, University of California, Los Angeles, California 90095, United
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Shape, size, and surface modification regulate functionality of metal nanocrystals in
catalysts, sensors, and electrode materials. In-situ synthesis of metal nanocrystals of
different shapes facilitates the exploration of new functionalities although the underlying
shape-controlling mechanisms still remain poorly understood. Oligomers of naturally
occurring amino acids have been employed as efficient regulating agents to engineer



the structure of nanocrystals. A naturally selected, non-charged peptide named T7
(Acyl-TLTTLTN-Amide) was reported to bind to platinum nanocubes enclosed by six
{100} facets and directs the formation of single crystalline platinum cubes in reductive
synthesis. We explain the mechanism of specific cube recognition and of cube
formation from cuboctahedral seed crystals using molecular dynamics simulation with
the CHARMM-METAL force field. We found a higher mobility of water molecules near
the edges of nhanocubes compared to the center of the facets and a unique match of
polarizable atoms in T7 (N, O, C) to the square pattern of epitaxial sites on the cube
surface. Water competes strongly with the peptide anywhere on the {100} facets, yet
higher mobility of water near the edges of the cube favors peptide adsorption (—-5.8+0.8
kcal/mol). These data are also in agreement with peptide desorption on extended {100}
facets experimentally and a positive energy of peptide attachment in the simulation
(+13%2 kcal/mol). In the synthesis of Pt nanocrystals in the presence of T7 peptides,
cuboctahedral seed crystals are initially formed. The simulation of cuboctahedral seeds
in contact with several peptides then shows that T7 peptide locates on {100} facets with
a slight preference over {111} facets which suggests faster growth of the {111} facets
and is consistent with the experimentally observed formation of cubic nanocrystals. The
results therefore explain the likely mechanism of nanocrystal growth and show that
force fields such as CHARMM-METAL and INTERFACE-METAL can predict selective
adsorption and preferred nanocrystal shapes.

COLL 5
Using 3D particle tracking to study long-range nanoparticle-interface interactions

Luyang Zhao, Fang Chen, Yaqging Zhao, Bhanu Neupane, Gufeng Wang,
gufeng_wang@ncsu.edu.Chemistry, North Carolina State University, Raleigh, NC
27695, United States

Molecular transport near a liquid-solid interface is of vital importance in both
fundamental sciences and advanced applications. In this study, we track three-
dimensional (3D) trajectories of negatively charged nanopatrticles being retained by
samely charged glass surface using astigmatism-based 3D super-localization
fluorescence microscopy. We show that retention of nanoparticles by the surface can
happen at long distances, i.e., a distance beyond the working range of van der Waals
interaction, without significant contribution from adsorption. The particle distribution
suggests that surface attractive sites serve as both attractive and repulsion centers in
retaining these nanopatrticles at different time scales. The retained particles diffuse
actively in the potential energy well with a lateral size on the order of magnitude of 1
square micrometer. This view may shed new light on how biomolecules/nanoparticles
interact with a solid or semi-fluidic membrane surface.

COLL 6

Acac as an anchoring group: Does surface morphology influence charge transfer
dynamics?



Edwin Mghanga!, edwin.mghanga@wmich.edu, Jameel Hasan*, Semere Bairu*, Gary
Wiederrecht?, Ramakrishna Guda’.A (1) Chemistry, Western Michigan University,
Kalamazoo, MI - Michigan 49008, United StatesA (2) Center for Nanoscale Materials,
Argonne National Laboratory, Argonne, IL 60439, United States

The influence of anchoring group on the interfacial charge-transfer dynamics in dye
sensitized TiO, nanoparticles has garnered enormous interest in recent years mainly for
their applications in dye solar cells and nanoscale devices. Among several groups,
acetylacetonate (acac) as an anchoring group has been recently used for its robustness
when it is bound to TiO,. However, the influence of different binding modes of acac on
the dynamics of electron injection and charge recombination dynamics is not clear.
Also, the influence of semiconductor morophology on the different binding forms of acac
is quite unknown. This study was carried out to understand the interfacial charge
transfer dynamics across molecules possessing acac as an anchoring group and TiO,
nanoparticles in both solution phase and thin films to address these problems.
Femtosecond fluorescence upconversion and transient absorption measurements were
carried out to probe the dynamics of charge injection and charge recombination
processes. Unlike the chromophores with other anchoring groups, investigated
molecules with acac as an anchoring group, have shown contrasting charge transfer
dynamics in solution and thin film phases. For the molecule/TiO, composites in solution
phase, the transients took significant time to grow and the final transients lived long.
However, for the same molecule/TiO, composites in thin films, the transients formed
within instrument response and the transients decayed with different time constants.
The differences in two phases were attributed to different binding geometries. Steady-
state optical absorption and infrared measurements were able to show the evidence for
different binding geometries.
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DFT calculations of AG° and AGZ during contact electrification of liquid electrets

Diana M Gooding', dmgoodingl4@transy.edu, George K Kaufman?.A (1) Department
of Physics, Transylvania University, Lexington, KY 40508, United StatesA (2)
Department of Chemistry, Transylvania University, Lexington, KY 40508, United States

Contact electrification is a process in which materials contact one another and then
separate, each with a resulting charge distribution. This process is familiar and applied
extensively in processes like electrophotography and energy harvesting, but it is not
completely understood. The triboelectric series is a qualitative or semi-quantitative
ordering of materials according to their tendency to develop a positive or negative net
charge when tribocharged against other materials. It is remarkable that, despite
differences in surface preparation, modes of contact among materials, and laboratory
conditions, triboelectric series generated by different groups remain mostly consistent
with each other. This talk examines a triboelectric series of liquids, bearing various
functional groups, flowed against polyethylene (PE) or polytetrafluoroethylene (PTFE).
We use density functional theory (DFT) calculations of AG® and AG* to explore



homolytic and heterolytic bond dissociation, followed by material transfer, as
mechanisms that may lead to contact electrification. Combinations of these
mechanisms may occur simultaneously but at different rates, which may help to explain
the charges evolved on these liquids and their positions on the triboelectric series.

COLL 8
Covalent functionalization of (110) surfaces of Ill-V semiconductors
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Chemical functionalization provides a potentially useful route for tuning the electronic
properties of semiconductor surfaces for a variety of energy-related applications.
Controlled covalent attachment of molecular elements on IlI-V semiconducting surfaces
has been widely pursued in the past few decades. For these zinc-blende
semiconductors, the chemistry of the (100) and (111) surfaces is relatively well
understood and a wealth of covalent attachment strategies are known; however,
functionalization of the (110) surfaces has been much less successful®. Indeed, the
partial polar character of these (110) surfaces and its potential influence on their
chemical reactivity remains largely unexplored.

Here we report® on a thermally-driven covalent attachment of perfluorophenyl azide
(pfpa) on GaP(110). We have studied the adsorption of pfpa molecules at room
temperature and after gentle heating by means of high-resolution scanning tunneling
microscopy and spectroscopy measurements in combination with first principles
calculations. We show a progression from a physisorbed state at room temperature to a
chemisorbed state after exposure to slightly higher temperatures (~50°C). The
developed approach is expected to be valid for various other functional groups attached
to the azide, as well as other I1I-V semiconductors.

(1) Lewis, N. S. Inorg. Chem. 2005, 44 (20), 6900-6911.
(2) M. M. Ugeda et al, submitted to J. Phys. Chem. C.

(3) A. J. Bradley et al., in preparation.
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COLL 9

Single-molecule, single-particle approaches for exploring the structure and
kinetics of nanocatalysts

Tetsuro Majima, majima@sanken.osaka-u.ac.jp.The Institute of Scientific and
Industrial Research, Osaka University, Ibaraki, Osaka 567-0047, Japan

We report the in situ observation of photochemical reactions on individual nano objects
of solid catalysts using single-molecule, -particle fluorescence spectroscopy. The use of
high-resolution imaging techniques with suitable fluorogenic probes enables us to
determine the location of the catalytically active sites that are related to the structural
heterogeneities on the surface of the solid catalyst and the temporal fluctuation of
photochemical reactivity. Recent developments of single molecule spectroscopy will
extend the range of applications by adding new tools. Advanced “nanoscopy”
techniques such as two or three-dimensional stimulated emission depletion microscopy
and photoactivated localization microscopy/stochastic optical reconstruction microscopy
have achieved optical imaging at high spatial resolution beyond the optical diffraction
limit (around half the wavelength of the light in the lateral direction). This feature should
be highly advantageous and useful in exploring the active sites heterogeneously
distributed over the materials. However, it should be noted that the localization accuracy
might be less than that expected from a certain S/N ratio due to “distorted” field
distributions of the emitter in the vicinity of metal nanostructures. Another important
aspect is that molecular adsorption/ desorption kinetics are strongly associated with the
surface structures of the catalysts. The molecular recognition and transformation on
specific surfaces should play a crucial role in controlling reaction efficiency and
selectivity. The combination of fluorescence microscopy with several microscopic
techniques such as TEM, SEM, AFM, Raman microscopy, and optical absorption
microscopy will become extremely powerful approaches to gain structural and dynamic
information on broad spatial and temporal ranges. We believe that single-molecule, -
particle approaches will serve as the basis for designing and identifying new materials
for applications in a variety of areas including biomedicine, catalysis, and
optoelectronics.

COLL 10



Plasmon enhanced light harvesting

Peter Nordlander, nordland@rice.edu.Department of Physics and Astronomy, Rice
University, United States

The “plasmon hybridization”concept, shows that the plasmon resonances in complex
metallic nanostructures interact and hybridize in an analogous manner as atomic
wavefunctions in molecules. The insight gained from this concept provides an important
conceptual foundation for the development of new plasmonic structures for enhanced
light harvesting and important applications. Examples that will be discussed include
plasmonic substrates for surface enhanced spectroscopies, chemical and biosensors,
nonlinear optical devices, photodetectors, photocatalysists, and solar light driven steam
generators and autoclaves.

COLL 11

Evidence of direct membrane penetration by gold nanoparticles in life cells and
membrane models

Mathias Brust, M.Brust@liv.ac.uk.Department of Chemistry, University of Liverpool,
Liverpool, Merseyside L69 7ZD, United Kingdom

Owing to the growing potential of nanoparticles for applications as biomedical agents,
and the current concens regarding the toxicity of nanoscale objects, there is a topical
interest in understanding and possibly controlling the mechanisms by which such
materials transfer across biological membranes. The currrent paradigm implies that only
very small and neutral molecules are capable of direct transfer due to their ability to
partition between the hydrophobic membrane and its aqueous environment.
Nevertheless, there is a growing number of observations that suggest that also larger
units such as functionalised gold nanoparticles can cross membrane boundaries without
depending on complex biological processes such as endocytosis. In this contribution,
such observations from both cell cultures and model membrane systems are discussed,
and attemps are made to rationalise the possibility of direct membrane penetration by
nanoscale objects. In particular, the effects of size, charge and surface functionality will
be investigated, and cases of both apparent direct cellular uptake of nanoparticles, and
of direct nanoparticle transfer across intracellular membrane boundaries will be
discussed.

COLL 12

On synthesis of CdSe quantum dots in live cells: Synthesis, mechanism, and
beyond

Ran Cui*, Yong Li*, Hui-Hui Liu?, Bei-Bei Chen*, Peng Zhang?, Zhi-Xiong Xie?, Zhi-Ling
Zhang', Bin Hu*, Zhi-Quan Tian', Dai-Wen Pang?, dwpang@whu.edu.cn.A (1) Key
Laboratory of Analytical Chemistry for Biology and Medicine (Ministry of Education),



College of Chemistry and Molecular Sciences, and State Key Laboratory of Virology,
Wuhan University, Wuhan, ChinaA (2) College of Life Sciences, Wuhan University,
Wuhan, China

The intercross between chemistry and biology can offer opportunities for controllable
synthesis of nanomaterials. Herein, we give an example of a new strategy of “Live Cell
Synthesis by Space-Time Coupling” of intracellular irrelated biochemical reactions of
live cells to controllably synthesize nanomaterials for biolabeling. By such a new
strategy we have successfully and controllably realized the desired synthesis of
fluorescent CdSe nanocrystals with diverse monocolours of fluorescence that can never
occur in live cells in nature. We also have successfully extended such a
strategy/principle from the intracellular to mimetic systems, i.e. to construct quasi-
biosystems for synthesis, and established multiple methods to synthesize nanomaterials
for biolabeling under mild conditions, such as water-dispersible ultrasmall near-infrared
Ag,Se, near-infrared PbSe nanocube and nanocage QDs, Au nanoparticles, Au-Ag
alloy nanopatrticles, Au clusters, and so on. In this presentation we will give a brief
introduction to the synthesis, mechanism and beyond.

COLL 13
Manipulating nanoparticle configurations in colloidal heterotrimer isomers

James Hodges, Raymond Schaak, schaak@chem.psu.edu.Department of Chemistry,
Pennsylvania State University, University Park, PA 16802, United States

Colloidal hybrid nanopatrticles integrate multiple materials into a single particle platform,
resulting in multi-functionality and the emergence of synergistic properties. For hybrid
nanoparticles that contain more than two domains, multiple configurations with distinct
connectivities and functionalities are possible, and these can be considered as
nanoparticle analogues of molecular isomers. However, accessing one isomer relative
to others in the same hybrid nanoparticle system can be challenging, particularly when
the formation of a target isomer is disfavored relative to more stable or synthetically
accessible configurations. This talk will introduce a solid-state protecting group strategy
for directing the nucleation of a third domain to an otherwise disfavored site of a
heterodimer seed patrticle, resulting in the ability to predictably target two distinct
heterotrimer isomers.

COLL 14
Layer-by-layer assembled particles in the biological domain

Frank Caruso, fcaruso@unimelb.edu.au.Chemical and Biomolecular Engineering, The
University of Melbourne, Melbourne, Victoria 3010, Australia

Layer-by-layer (LbL) template-assembled particles have recently emerged as a
promising class of materials for biological applications, with studies progressing from in



vitro to in vivo. In this presentation, recent studies on the development of LbL-
assembled polymer capsules for efficient cargo encapsulation, triggered release and
antibody-mediated targeting will be highlighted. It will also be shown that LbL particles
with well-controlled physicochemical properties can be used to uncover several key
principles that govern particle-cell interactions. For example, redox-responsive capsules
associate with cells in a time-dependent manner, which is mediated by the exofacial
thiols on cell membranes, and during endocytosis, the LbL particles distort in shape and
accumulate in lysosomal compartments. Furthermore, the role of shape of LbL particles
on cellular interactions, through the use of LbL particles with different aspect ratios, will
be discussed. It is expected that LbL systems represent a class of novel materials for
therapeutic delivery as well as an interesting paradigm to attain detailed knowledge of
complex nano-bio interactions. This knowledge may aid in the rational design of
nanoengineered materials (beyond LbL systems) for biological applications.

COLL 15
Regulating cell signaling in live cells at the single molecule level

Daeha Seo'??3, Jiwook Kim?, Justin Farlow®®, Hyunjung Lee!, Paul Alivisatos**, Jinwoo
Cheon?, Zev J Gartner®>®, Young-wook Jun?, yjun@ohns.ucsf.edu.A (1) Department of
Otolaryngology, University of California, San Francisco, San Francisco, California
94115, United StatesA (2) Chemistry, University of California, Berkeley, Berkeley, CA
94720, United StatesA (3) Materials Science Division, Lawrence Berkeley National
Laboratory, Berkeley, CA 94720, United StatesA (4) Department of Chemistry, Yonsei
University, Seoul, Republic of KoreaA (5) Department of Pharmaceutical Chemistry,
University of California, San Francisco, San Francisco, California 94158, United
StatesA (6) Tetrad Graduate Program, University of California, San Francisco, San
Francisco, California 94158, United States

Notch signaling defines the cell-to-cell communication mechanism, which plays a
central role during development and in normal tissue maintenance and cancer. Signals
exchanged between neighboring cells via Notch can reinforce molecular differences
which eventually direct the fate decision of individual cells. Despite increasing
knowledge of these signaling events, little is known about how spatiotemporal dynamics
of the receptor signaling across a cell influence the signal exchange. In this talk, we
present an advanced nano-probe system that mimics binary cell communication via
Notch, while providing systematic control of the spatiotemporal distribution of Notch
signaling. This new nanosystem enabled simultaneous observation of Notch dynamics
and signal activation with single molecule resolution in live cells for the first time. We
envision this nano-probing system as a next generation force microscopy technology
platform to quantify and control force-mediated biological processes at the subcellular
level.

COLL 16



Glycan-stabilized plasmonic nanoparticles: An attractive nanomaterial for bio-
applications

Marek Grzelczak'?, mgrzelczak@cichiomagune.es, Isabel Garcia®, Ana Sanchez-
Iglesias®, Marco Marradi®, Soledad Penadés®, Luis M Liz-Marzan*2.A (1)
BioNanoPlasmonics Laboratory, CIC biomaGUNE, Donostia-San SebastiAjn, SpainA
(2) Ikerbasque, Basque Foundation for Science, Bilbao, SpainA (3) Laboratory of
Glyconanotechnology, Biofunctional Nanomaterials Unit, CIC biomaGUNE/CIBER-BBN,
Donostia-San SebastiAjn, Spain

Gold nanoparticles exhibit unique optical properties and low toxicity that make them
attractive nanomaterial for the use in biological environment. The application of
plasmonic nanoparticles in drug delivery or biosensing requires the use of proper
stabilizing agents that prevent the aggregation of the colloids and exclude uncontrolled
interaction with local environment. Poly(ethylene glycol)-coated gold nanoparticles have
garnered considerable attention in the use for bio-related application that is due to low
protein affinity and relatively high cellular uptake. However, the bulky ligands of the
polymer often alter the mobility of the nanoparticles and physicochemical interaction
with biomolecules. Here we showed that glycans with low molecular weight effectively
stabilize gold nanoparticle with variety of shapes, including spheres, nanorods or
nanostars. We experimentally correlated colloidal stability of glucose-stabilized gold
nanoparticles in different biological environments and evaluated the transport of the
nanoparticles in the complex medium by means of electrophoretic mobility, showing low
protein affinity to glycan-based corona. Finally, chemical modification of glycan corona
makes possible specific binding of the nanoparticle with desired proteins. We showed
that lectin proteins are highly specific for glucosamine-conjugated gold nanopatrticles,
which was not observed in the case of gold nanopatrticles stabilized with glucose.

COLL 17

Stimuli-responsive multicompartment micelles as highly efficient non-viral gene
transfection agents

Felix H Schacher?, felix.schacher@uni-jena.de, Anja Schallon®, Alexandra
Rinkenauer!, Michael Wagner®, Ulrike Gunther®, Ulrich S Schubert*, Eva Betthausen®.A
(1) Organic and Macromolecular Chemistry, Friedrich-Schiller-University Jena, Jena, - -
Bitte wArhlen - - 07743, GermanyA (2) Macromolecular Chemistry I, University of
Bayreuth, Bayreuth, Germany

The controlled non-viral delivery of genetic material using cationic polymers into cells
has been of interest during the last three decades, yet the ideal delivery agent featuring
utmost transfection efficiency and low cytotoxicity still has to be developed. Here, we
demonstrate that multicompartment micelles from stimuli-responsive triblock
terpolymers, poly(butadiene-block-poly(methacrylic acid)-block-poly(2-
(dimethylamino)ethyl methacrylate) (BMAAD), are promising candidates. The structures
exhibit a patchy shell, consisting of amphiphilic (interpolyelectrolyte complexes, MAA



and D) and cationic patches (excess D), generating a surface reminiscent to those of
certain viruses and capable of undergoing pH-dependent changes in charge
stoichiometry. After polyplex formation with plasmid DNA, superior transfection
efficiencies can be reached for both adherent cells and human T-lymphocytes.
Compared to the gold standard PEI, remarkable improvements and a number of
advantages were identified for this system, including increased cellular uptake and an
improved release of the genetic material, accompanied by fast and efficient endosomal
escape. Furthermore, high sedimentation rates might be beneficial regarding in vitro
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COLL 18
Impact of DNA assembly on nanomaterial-cell interactions

Leo Y.T. Chou'?, leo.chou@mail.utoronto.ca, Kyryl Zagorovsky™?, Warren C.W.
Chan'%3** A (1) Institute of Biomaterials and Biomedical Engineering, University of
Toronto, Toronto, Ontario M5S 3G9, CanadaA (2) Donnelly Centre for Cellular and
Biomolecular Research, University of Toronto, Toronto, Ontario M5S 3E1, CanadaA (3)
Department of Chemical Engineering, University of Toronto, Toronto, Ontario,
CanadaA (4) Department of Materials Science Engineering, University of Toronto,
Toronto, Ontario, Canada

Developing nanomaterials with dynamic physicochemical properties open new
opportunities to control their interactions with biological systems. Here, we used
permutations of DNA-coated nanoparticles to construct a library of biodegradable
colloidal superstructures displaying distinct physicochemical properties. In vitro
screening against a model cell line demonstrates that cellular uptake of superstructures
was dependent on both individual nanopatrticle design and assembly configuration.
Additionally, endosomal internalization of superstructures triggered their rapid
degradation into dispersed components, facilitating subsequent extracellular escape in



a design-dependent manner. This use of molecular assembly to design nanomaterial-
cell interactions provides new possibilities to engineer the biological delivery and
clearance of nanocarriers that is not possible using solid nanopatrticles.

COLL 19
Nanoparticle interactions with lipid membranes studied by nonlinear optics

Franz Geiger, geigerf@chem.northwestern.edu.department of Chemistry, northwestern
U, evanston, il 60208, United States

Membrane-colloid interactions are notoriously difficult to probe using experimental in
situ methods without relying on spectrochemical labels. Here, we present the first
nonlinear optical studies of how 4 nm-sized gold metal nanoparticles containing
positively and negatively charged ligands interact with supported lipid bilayers that are
positively and negatively charged. Second harmonic generation probes the
nanoparticles at the membrane surface under aqueous conditions ranging from 1 to 100
mM NacCl in tris buffer. Vibrational sum frequency generation probes the degree of
disruption exhibited by the underlying lipid bilayer. Results using lipopolysaccharides
are presented and discussed in the context of nanoparticle uptake and viability assays
using single-(shewanella) and multicellular (daphnia magna) organisms.

COLL 20

Chiral solvent auxiliaries as a tool to amplify chirality within self-assembled
monolayers at the liquid/solid interface

Iris Destoop?, iris.destoop@chem.kuleuven.be, Elke Ghijsens®, Kunal Mali*, Kazukuni
Tahara?, Yoshito Tobe?, Steven De Feyter'.A (1) Department of Chemistry, KU Leuven
- University of Leuven, Leuven, BelgiumA (2) Division of Frontier Materials Science,
Graduate School of Engineering Science, Osaka University, Toyonaka, Osaka, Japan

The unique handedness of chiral molecules affects chemical, physical and biological
phenomena. Due to geometrical restrictions upon two-dimensional confinement,
transmission of chiral information is particular selective at liquid/solid interfaces. Overall
chiral nanostructured surfaces can be obtained by the self-assembly of enantiopure
molecules as they only form one handedness on the surface (mirror-image patterns are
absent). Achiral molecules, on the other hand, leave the surface globally achiral as they
will give rise to the formation of mirror-image patterns on the surface. So far,
homochirality has been created in achiral enantiomorphous monolayers by merging
chiral modifiers in the monolayer or by exposing the monolayers to magnetic fields.
Alternatively, the potential role of chiral solvents in chirality amplification and emergence
of homochirality remains largely unexplored. Here we show that chiral solvents can
induce macroscopic chirality within self-assembled monolayers of achiral building blocks
on an achiral surface. We report a set of scanning tunneling microscopy experiments of
self-assembled achiral dehydrobenzo[12]annulene derivatives at the interface between



graphite and chiral 2-alcohols revealing both chain length dependence and odd/even
dependence chirality amplification.

COLL 21

Organizational chirality expression as a function of the chirality measure for
simple amino alcohols on Cu(100)

Giorgio Contini'*, giorgio.contini@ism.cnr.it, Riccardo GAtti*?, Guido Caponi', Stefano
Colonna’, Gianluca Galeottil'z, Daniele Catone®, Stefano Turchini!, Tommaso Prosperi’,
Nicola Zema®’, Amedeo Palma®, Paola Gori**.A (1) Istituto di Struttura della Materia,
Consiglio NaZ|onaIe delle Rlcerche (CNR), Roma, ItaIyA (2) Institut National de la
Recherche Scientifique, A%onergie, MatA©riaux et TA©IA©communications,
UniversitA© du QuA©bec, Varennes, Quebec, CanadaA (3) Istituto per lo Studio dei
Materiali Nanostrutturati, CNR, Monterotondo S. (RM), ltalyA (4) Centro
Interdipartimentale Nanoscienze & Nanotecnologie & Strumentazione (NAST),
University of Rome “Tor Vergata”, Rome, Italy

Chiral self-assembled molecular networks are important both for technological and
fundamental reasons. In spite of the large number of works in this field, the subtle
mechanism of chirality transfer from single molecules to large scale two-dimensional
(2D) networks is not well understood yet. This work reports on the self-assembly of
simple amino alcohols on Cu(100) with different chirality measure; ethanolamine,
alaninol (2-amino-1-propanol) and butanolamine (2-amino-1-butanol) have been
investigated with scanning tunneling microscopy (STM), low-energy electron diffraction
(LEED) and photoelectron spectroscopy (PES), corroborated with density functional
theory (DFT) calculations. This systematic study addresses the role of the single-
molecule handedness in the global chirality expression, indicating that the chirality
measure of the precursors is an important variable for the formation of globally chiral
superstructures.

COLL 22

Chirality, shape, and orientation influencing the self-assembly of organic
molecules at interfaces

David Amabilino®, amabilino@icmab.es, Hong Xu?, Wojciech J. Saletra', Rasmita
Raval®, Steven De Feyter?, Sam Hag>.A (1) Institut de Ciencia de Materials de
Barcelona (ICMAB-CSIC), Cerdanyola del Valles, Barcelona 08193, SpainA (2)
Department of Chemistry, KULeuven, Heverlee, BelgiumA (3) Department of
Chemistry, University of Liverpool, Liverpool, United Kingdom

The packing of organic molecules in three dimensional space is practically impossible to
predict, while the situation at interfaces is considerably more straightforward given
certain design criteria. However, in this presentation we shall show that simply
modifying the shape of a molecule as well as the chirality of the component parts can



have a dramatic effect on the outcome of adsorption. In particular, a homologous series
of aromatic molecules substituted with lactic acid on one side and alkyl chains on the
other display a plethora of intriguing phases at the graphite-liquid interface. On the other
hand, the consitution of aromatic molecules has a direct consequence on their
chemistry at a metal surface. The presentation will put the results obtained into the
context of the supramolecular chemistry of molecules in two and three diemnsional
systems.

COLL 23
Chiral supramolecular self-assembly in 2D

Wolf-Dieter Schneider, wolf-dieter.schneider@epfl.ch.Institute of Condensed Matter
Physics, A%ocole Polytechnique FA©dACrale de Lausanne (EPFL), Lausanne,
SwitzerlandDepartment of Chemical Physics, Fritz-Haber-Institute of the Max-Planck-
Society, Berlin, Germany

Combining STM observations and manipulations with first-principle electronic structure
calculations, 1-nitronaphthalene molecules are found to become pseudo-chiral upon
adsorption on Au(111). Hydrogen bonds are at the origin of their self-assembly into two-
dimensional supramolecular clusters and chains [1-3]. Conservation of chirality is
observed in a hierarchical supramolecular self-assembly of pentagonal symmetry of the
organic molecule rubrene on Au(111) [4]. We show the spontaneous chiral resolution of
the racemate into disjoint homochiral complex architectures and demonstrate the ability
to monitor directly the evolution of chiral recognition processes on the molecular and
supramolecular level [4-9]. A competition between long-range repulsive interactions,
caused by substrate-induced molecular charging, and short-range attractive forces
leads to the observed characteristic chiral supramolecular patterns [10].
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COLL 24
Adaptable molecular building block in on-surface self-assembly

Yoshito Tobe, tobe@chem.es.osaka-u.ac.jp.Graduate School of Engineering Science,
Division of Frontier Materials Science, Osaka University, Toyonaka, Osaka 560-8531,
Japan

Our research on porous molecular networks formed by self-assemblyof alkoxy-
substituted dehydro[12]annulenes (DBAS) at the liquid/solid interface has been evolving
thanks to the high level of adaptability of this building block. DBAs are adaptable not
only to (i) modification of the pore size, (ii) pore functionalization for selective binding of
guest molecules, and (iii) installation of reaction sites for covalent bonds between
themselves leading to 2D polymers and with the substrate as well, but also for (iv)
generation of chirality on surfaces at single molecular as well as supramolecular levels
and (v) formation of superlattice structures on surfaces. In this presentation will be
focused adaptable featues of the molecular building block.
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Bio-inspired nanostructures: Patterning and mechanisms

Magali Lingenfelder, magali.lingenfelder@epfl.ch.Max Planck-EPFL Center for
Molecular Nanoscience and Technology, Lausanne, Vaud 1015, SwitzerlandThe
Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, CA 94720,
United States

Starting from the single molecule level all the way to 2D and 3D systems the study of
self-assembly by scanning probe techniques offers an atom-by-atom trip to the core of
hybrid materials. Bio-inspired nanostructures open up new possibilities for energy
applications.

Two systems are at the focus of our research: On one hand, the mimicking of catalytic
centers by model 2D Metal-Organic Coordination Networks (MOCNS). On the other
hand, CO; sequestration on natural self-assembled protein layers is tracked in-situ by
Atomic Force Microscopy and X-Ray Absorption Spectroscopy at the liquid—solid
interface.

By this approach we obtain molecular insight into both: bio-sequestration of CO, by
natural systems and mechanistic pathways in engineered artificial photosynthesis.

COLL 26

Controlling the nucleation, growth, and ripening of surface-confined
supramolecular networks: Implications to induction of homochirality on surfaces

Kunal S. Mali!, kunal.mali@chem.kuleuven.be, Elke Ghijsens®, Oleksandr Ivasenko?,
Yuan Fang®, Kazukuni Tahara?, Yoshito Tobe?, Steven De Feyter'.A (1) Division of
Molecular Imaging and Photonics, Department of Chemistry, KU Leuven-University of
Leuven, Leuven, Flemish brabant 3001, BelgiumA (2) Division of Frontier Materials
Science, Graduate School of Engineering Science, Osaka University, Toyonaka-Osaka,
Osaka 560-8531, Japan

Controlling the crystallization of materials-be it in solution or on surfaces, is of imnmense
scientific and technological importance. This is because of the fact that various
functional properties of materials are ultimately determined by the way in which
molecules pack in crystals. One of the fascinating implications of this process is the
propensity of certain materials to crystallize into non-superimposable opposite handed
crystals that are related to each other by mirror image symmetry. In this contribution, we
demonstrate a strategy to control the 2D crystallization of an organic molecule by
controlling the nucleation and ripening processes transpiring at the liquid-solid interface.
By careful choice of chiral dopant molecules and using a temperature assisted ripening
process we illustrate how one can selectively stabilize or destabilize enantiomorphous
molecular domains such that the handedness of the surface-confined network can be
precisely controlled in a preprogrammed fashion. These results will have far-reaching
implications in the strategies to control surface crystallization of materials.



COLL 27
2D self-assembled hydrogen-bonded molecular substitutional solid solution

Jennifer MacLeod!, macleod@emt.inrs.ca, Josh Lipton-Duffin®, Dmitrii Perepichka?,
Federico Rosei'.A (1) A%onergie, MatA©riaux et TA©IA©communications, Institut
National de la Recherche Scientifique, Varennes, Quebec J3X 1S2, CanadaA (2)
Department of Chemistry, McGill University, Montreal, Quebec H3A 2K6, Canada

Two-dimensional (2D) molecular self-assembly allows for the formation of well-defined
supramolecular layers with tailored geometrical, compositional and chemical properties.
However, to date, random intermixing and entropic effects in these systems have been
associated with glassy phases and imperfect crystals. Here, we describe a 2D
crystalline molecular self-assembled system that incorporates random substitutional
defects. Density functional theory calculations elucidate certain aspects of the formation
of this mixed lattice. This work provides insight into the manifestation of entropy in a
crystallographically well-defined system, as well as into the applicability of Vegard's Law
at the nanoscale.

COLL 28

Application of inertial microfluidics for continuous separation of inorganic
mineral particles

Aditya Kumar?, adityaku@ucla.edu, Peter Lewis®, Jeffrey Bullard®, Dino Di Carlo?,
Gaurav Sant'.A (1) Department of Civil and Environmental Engineering, University of
California Los Angeles, Los Angeles, CA 90095, United StatesA (2) Department of
Materials Science and Engineering, University of California Los Angeles, Los Angeles,
CA 90095, United StatesA (3) Materials and Construction Research Division, National
Institute of Standards and Technology, Gaithersburg, Maryland 90024, United States

The chemical reactivity of cement is relevant in describing the progress of early age
reactions and microstructure development. The microstructure in turn, dictates the
performance of and service life of a concrete material. However, the chemical reactivity,
and to some extent, the composition of the cement patrticles is size-dependent. Since
reactivity is a key variable which drives the progress of reactions, it would be valuable to
fractionate cementing minerals (particulates) into well-defined size ranges, wherein, by
eliminating aspects of size distribution, the mixed influences of surface area (i.e.,
particle size) and chemistry (i.e., particle composition) on reactivity can be unraveled.

This study applies a newly developed microfluidics based inertial separations method,
first developed for cellular biotechnological applications, to the fractionation of cement
particles, based on size. Inertial microfluidic separation uses a unique balance of inertial
lift forces that lead to size dependent dynamic equilibrium positions within the
cross-section of a high aspect-ratio channel. This research describes device designs
and protocols to achieve separations of cementing particles to unique equilibrium



positions within the lateral space of the devices, from which they can be more easily
retrieved in a size-dependent manner using symmetric outlets with tuned fluidic
resistances.
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Special focus is placed on establishing the applicability of this method to: (1) the
separation of cementing powders to assess the applicability of the procedure and (2)
establishing the yield, efficiency and separation fidelity of the method as functions of
parameters such as the fluid flow rate and solid loading in liquid suspensions.

COLL 29

Preparation of monodisperse microspheres from surface tension-mediated
droplet formation in micromolds

Chang-Hyung Choi?, changhyung.choi@gmail.com, Sung-Min Kang®, Jinkee Lee?,
Chang-Soo Lee'.A (1) Department of Chemical Engineering, Chungnam National
University, Daejeon, Daejeon 305-764, Republic of KoreaA (2) School of Mechanical
Engineering, Sungkyunkwan University, Republic of Korea

Monodisperse microspheres are widely used in many applications such as micro-
electromechanical systems (MEMS), chemical release systems, optical materials and
various biological applications. Although droplet-based microfluidics allow for making
monodisperse microspheres, it still definitely requires pressure driven flow as well as
use of surfactant to achieve their uniformity. Here, we present a micromolding method
that generates monodisperse microspheres through surface-tension-induced flow. Two
immiscible fluids that consist of photocurable hydrophilic monomer and hydrophobic oil
are sequentially loaded onto the polydimethylsiloxane(PDMS) mold. The mold geometry
results in Laplace pressure induced droplet formation, and these droplets formed are
individually localized into each micromold. We also quantitatively calculate the minimum
pressure difference required to provide spherical droplets. Photopolymerization of the
droplets allow for the formation of polymeric microspheres with narrow size distribution
(CV=1.9%). We obtained the microspheres with diameter ranging from 60 to 200 um by
modulating mold dimensions. Moreover, we demonstrate the capability to produce
microspheres through various solidification schemes: UV-polymerization, sol-gel
reactions and solvent evaporation- induced colloidal assemblies.
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COLL 30

Dynamics of surfactant-covered and surfactant-free drops in a microfluidic
parking network

Siva A Vanapalli, siva.vanapalli@ttu.edu, Swastika S Bithi.Chemical Engineering,
Texas Tech University, Lubbock, Texas 79409, United States

Immobilized arrays of monodisperse droplets represent a powerful platform for directly
visualizing the kinetics of nucleation. To develop this microfluidic platform, we study the
transport of a train of surfactant-covered (non-coalescing) and surfactant-free
(coalescing) drops in a microfluidic parking network, which consists of a series of loops
capable of parking drops. With non-coalescing drops, we find that collective interactions
between drops in the network cause crowding and collisions between droplets. These
collisions often cause droplets to break, producing significantly polydisperse droplet
arrays. In striking contrast, with surfactant-free drops we identify collective mechanisms
that lead to droplet arrays with exceptional monodispersity, without the need to tune
drop size and spacing of the train. In particular, we find that moving drops rectify the
volume of underfilled or overfilled parked drops through coalescence at junctions,
followed by confinement-guided break-up. We identify a state diagram that quantifies
this regime of self-rectification and find that it is sufficiently broad enough to allow robust
storage of arrays of not only equal-sized drops but also of different volumes. We will
discuss how we plan to use the flexibility provided by this platform to investigate the
kinetics of nucleation in simple liquids.



COLL 31

New high-throughput microfluidic device for the production of monodisperse
double emulsions and polymersomes

Kevin Y-S. Huang?, khuang05@gmail.com, Jennifer L. Bento®, Michael Stredney?,
Douglas H. Adamson'?.A (1) Polymer Program, Institute of Materials Science,
University of Connecticut, Storrs, Connecticut 06269, United StatesA (2) Department of
Chemistry, University of Connecticut, Storrs, Connecticut 06269, United States

We introduce here a new microfluidic device for the rapid formation of monodisperse
double emulsions. The device consists of three coaxial capillaries set in a single block
of ultra-high molecular weight polyethylene (UHMWPE). We characterize the water-in-
oil drop formation by measuring the diameter of the drops produced as a function of
varying inner and outer Reynolds, Weber, and Capillary numbers. These parameters
were subsequently used to characterize the dripping to jetting transition across a wide
range of capillary channel diameters. We also observe that when produced using
solutions of amphiphilic block copolymers, the double emulsions produced can be
processed to form large numbers of monodisperse polymersomes in a highly efficient
and controlled manner.

COLL 32
Fabrication of multiple-droplet array for miniaturizing microwell plate

Si Hyung Jin, jsh8652@gmail.com, Heon-Ho Jeong, Young Moo Noh, Chang-Soo
Lee.Department of chemical engineering, Chungnam National University,, Daejeon,
Chungcheongnam-do 305-764, Republic of Korea

Microwell plate is well-established platform to carry out high-throughput screening of
various biochemical reactions. However, microwell plate based assays have limited in
consumption of reagent and reaction time, quite labor-intensive protocol, and scale-up.
There are several approaches to solve limitations of microwell plate. Vanapali and
Hansen group, one of the pioneering groups, successfully presented microdroplet array
format as an transformation of microwell plate into small scale. They can facilitate
efficient and sensitive reaction with high throughput manner.

Here, we present another fully integrated format of droplet array for miniaturizing
microwell plate. This system includes droplet generation, array, storage, fusion, and
elimination on a single device. The device consists of two functional regions that are
droplet generator and hydrodynamic traps. To achieve multiple-droplet array, we
perform repeated two step operations such as arraying and storage process. In the
arraying process, droplets are sequentially trapped into hydrodynamic traps by using
hydraulic pressure balance in microstructures. The unit operation of trapping can be
controlled by varying the volume of droplets. In the storage process, droplets are moved
from trapping sites to corresponding reaction chambers by microvalving action. In this



experiment, each of reaction chambers is filled with chemically distinct twelve droplets.
To demonstrate programmability and controllability, we generate complex fluorescent
gradient array under the fully automated system

Finally, we believe that the droplet array with high throughput manner overcome
disadvantages of conventional microwell plate assay.

COLL 33
Self-propelled motion of microscale capsules

Annie Xi Lu?, xilu0306@yahoo.com, Don DeVoe?, Srinivasa Raghavan'.A (1)
Department of Chemical Engineering, University of Maryland, College Park, Maryland
20742, United StatesA (2) Department of Mechanical Engineering, University of
Maryland, College Park, Maryland 20742, United States

This talk will describe a class of microscale capsules that move in the presence of a
chemical fuel. These structures are created in situwithin a microfluidic platform using the
biopolymer chitosan as precursor. Two chitosan droplets of different sizes are brought
into contact by a channel expansion, whereupon they are crosslinked into a permanent
dimer. The overall dimer resembles a Janus particle, and the shape and functionality of
each lobe in the dimer can be varied. To create microswimmers, we load one lobe of
the dimer with catalytic nanoparticles. When a chemical fuel is introduced into the
solution, the fuel reacts with the catalyst, generating gas bubbles, which ultimately drive
the motion of the dimer structure. The motion can be tuned by varying the size and
concentration of the nanoparticles, the concentration of chemical fuel, and the extent of
crosslinking of the dimer. Our approach is simple and versatile and can be easily
adapted to produce a variety of capsules with motile capabilities.

COLL 34
Rapid generation of solubility curves using drop-based microfluidics

Jihye Kim, zhay0809.kim@ttu.edu, Siva Vanapalli.Department of Chemical
Engineering, Texas Tech University, Lubbock, TX 79409, United States

Knowledge of solubility of a solute is important in industries such as pharmaceutics,
foods, and cosmetics. Current methods used to measure solubility are time-consuming
and labor-intensive and require a large amount of sample. Drop-based microfluidics is a
powerful tool to determine solubility curves where each droplet acts as a microreactor.
Benefits of this approach include less consumption of sample and flexible manipulation
of drop volumes and composition.

We develop a microfluidic device that allows rapid generation of arrays of immobilized
droplets and assess the capability of the device to measure solubility curves of
inorganic salts. Droplets of volume 200 nL and a given potassium nitrate concentration



are stored in the drops, followed by a thermal quenching and heating cycle. As
temperature is lowered to the solubility limit, the salt inside droplets starts crystallizing.
The temperature when all droplets contain crystals is recorded as the lower bound of
solubility (super saturation curve). On the completion of crystallization, temperature is
slowly increased to dissolve the crystals, and the temperature at which no crystal is
detected is recorded as dissolution point (super solubility curve). By repeating these
measurements at various salt concentrations in the same device, we recover the
solubility curve of potassium nitrate, which is in good agreement with literature data. We
also design a droplet-based device that allows simultaneous screening of multiple
concentrations of salt enabling rapid determination of high-resolution solubility curves.

COLL 35

Microfluidic flow-focusing: Alginate gel drop formation in Newtonian and non-
Newtonian fluids

Thomas Ward®, thomasw@iastate.edu, Yi-Lin Wang?, Rex Jeffries®, Christine S.
Grant®.A (1) Department of Aerospace Engineering, lowa State University, Ames, lowa
50011-2271, United StatesA (2) Department of Chemical Engineering, National Taiwan
University of Science and Technology, Taipei City, Taiwan Republic of ChinaA (3)
Department of Chemical and Biomolecular Engineering, North Carolina State University,
Raleigh, NC 27695, United States

In this talk we present data for the formation of alginate gel drops in both Newtonian and
non-Newtonian fluids. The Newtonian fluid continuous phase experiments have been
recently studied by others. But the non-Newtonian continuous phase fluid case presents
a novel study on viscoelastic multi-phase fluid flow in microchannels. A microfluidic flow
focusing geometry is used to study alginate gel drop formation using pressure driven
devices. This allows for the determination of the pressure ratio versus drop size curves
for comparison with Newtonian fluid studies. Stable jet formation also appears during
drop formation for Newtonian liquids while unstable jet formation appears in the non-
Newtonian continuous phase fluid experiments. It appears that the non-Newtonian fluid
introduces an additional time scale into the flow dynamics which yields unstable results
for drop formation that we characterize for a wide range of inlet pressures.

COLL 36

Atomic layer deposition overcoating of supported transition metal nanoparticle
catalysts

Junling Lu®, Bin Liu?, Jeffrey P Greeley®, Jeffrey W Elam?, Peter C Stair*®,
pstair@northwestern.edu.A (1) Department of Chemistry, Northwestern University,
Evanston, IL 60208, United StatesA (2) Energy Systems Division, Argonne National
Laboratory, Argonne, IL 60439, United StatesA (3) Department of Chemical Physics,
University of Science and Technology of China, Hefei, ChinaA (4) Department of
Chemical Engineering, Kansas State University, Manhatten, KS 66506, United StatesA



(5) School of Chemical Engineering, Purdue University, West Lafayette, IN 47907,
United StatesA (6) Chemical Sciences & Engineering Division, Argonne National
Laboratory, Argonne, IL 60439, United States

The ability of atomic layer deposition (ALD) to produce conformal oxide coatings on
porous, high-surface area materials can provide completely new types of catalyst
structures. When applied to supported transition metal nanoparticles, aluminum oxide
overcoating layers provide a porous encapsulating shell that stabilizes the nanoparticles
against sintering. For overcoating thicknesses less than ca. 2 nm, the porosity appears
to be a consequence of the reactivity between ALD precursors and different surface
atom geometries combined with a self-poisoning effect caused by precursor ligand
adsorption on the surface. The preference for reaction of the alumina ALD precursor,
trimethylaluminum, at under-coordinated atoms on Pd nanopatrticles imparts a control
over the geometry of the surface sites that are available for catalyzed reactions with
pronounced effects on reaction selectivity.

COLL 37

Chemistry of alkoxide-containing precursors during atomic layer deposition of
supported VO and TiO»

Alexis M Johnson?, alexis.johnson@northwestern.edu, Brian R Quezada?, Laurence D
Marks®, Peter C Stair**.A (1) Chemistry, Northwestern University, Evanston, Illinois
60208, United StatesA (2) McCormick School of Engineering, Northwestern University,
Evanston, lllinois 60208, United StatesA (3) Materials Science and Engineering,
Northwestern University, Evanston, lllinois 60208, United StatesA (4) Chemical
Sciences and Engineering Division, Argonne National Laboratory, Argonne, lllinois
60439, United States

Atomic layer deposition (ALD) is a thin film deposition technique that is comprised of a
series of self-limiting reactions to grow materials one layer at a time. Recently ALD has
become a promising method in catalyst development because of its controlled growth of
uniform thin films and noble metal nanoparticles. While applications of ALD have
significantly increased, fundamental understanding of the chemistry that takes place is
still lacking. Through XPS and mass spectrometry, reaction mechanisms and properties
of ALD formed systems were explored. Specifically, we studied two precursors
containing alkoxide ligands - vanady! triisopropoxide (VOTP) and titanium
tetraisopropoxide (TTIP).

VOTP was used to create supported vanadium oxide monomers, which are active
catalysts for oxidative transformations of organic molecules; however, their reactivity
depends on their molecular structure. We found that reactive adsorption of VOTP onto
amorphous Al,O3 resulted in tridentate VO species with three bonds to the surface.
However, on a SrTiO3 (001) surface VOxforms a bidentate species with only two bonds
to the surface. The number of V-O-M bonds to the surface correlates with the reaction



site density of the substrate, indicating that the substrate structure strongly influences
what monomeric structures can form on a given surface.

TTIP is a precursor that is commonly used for TiO, growth in atomic layer and chemical
vapor depositions. We found that the chemistry of TTIP deposition onto MoOy is
pressure dependant, where at low pressures TiO, catalyzed dehydration of the
precursor occurs leading to chemical vapor deposition rather than atomic layer
deposition for the growth mode of TiO,. These results likely extend to any surface,
highlighting the common problem of “pressure gap” chemistry in catalysis and
emphasize the need to study these reactions under relevant conditions.

COLL 38
Selective deposition of TiN on HfO,

Sonali N Chopra, snchopra@utexas.edu, Joseph M McCrate, John G Ekerdt.McKetta
Department of Chemical Engineering, The University of Texas at Austin, Austin, TX
78712, United States

Conductive films are used in a variety of devices ranging from optics to
microelectronics, sensors, and advanced memory. In devices such as spin-transfer
torgue random access memory (STT-RAM), TiN is increasingly used for the word line
because of its high conductivity and diffusion barrier properties. HfO, commonly forms
the gate oxide of the device because of its high dielectric constant. Bottom-up
approaches utilizing area selective atomic layer deposition (AS-ALD) to deposit
materials such as HfO, and TiN in STT-RAM have recently piqued interest because of
their potential to reduce cost and save material in the fabrication process. Further,
approaches to passivate regions of the HfO2 chemically offer to eliminate lithography
and etching steps. ALD is advantageous over other chemical and physical vapor
deposition processes because of its ability to perform low temperature conformal
depositions with precise thickness control.

Using x-ray photoelectron spectroscopy, water contact angle measurements, and x-ray
reflectivity, our presentation will reveal how silane-functionalized molecules can be used
to effectively passivate HfO, thin films toward subsequent TiN deposition. All
experiments were performed in a custom built vacuum chamber to allow for vapor
phase deposition of the silane-functionalized passivants. We show how attachment of
silane molecules to the HfO, surface act as a blocking layer to the TiN precursors in the
ALD process. Furthermore, we analyze the limits of this passivation and also explore its
potential uses for patterning devices.



Ti zpd

3
1ix10°

TiN an HITI; |

—— TiN an CH,SIC! passivated HIO, [

—— TiN an C,H,C1L31 passivated HIO, I

10 TiN an G M CISI passivated HIO, |

< f
L f T | |

) Jﬁl

M
| L A .
A [ A ne ML 2
L AT AR ] T f} h?'w TR A [
| ) ) YWY A | KB . f
MR WA Wi
T ' | vy

B

Counts Per Sscond

W
&

T T T T

470 465 460 455
Binding Energy (#V]

COLL 39
Molecule engineering for ALD applications

Jie Huang, Antonio Lucero, Lanxia Cheng, Jiyoung Kim,
jiyoung.kim@utdallas.edu.Department of Materials Sci. & Eng., University of Texas at
Dallas, Richardson, TX 75080 75080, United States

In this presentation, two different enigineering approaches to employ molecules for ALD
applications will be discussed. One is modification of substrates using molecules (e.g.
self-assembled monolayers) to prevent (or enhance) nucleation of ALD (Atomic layer
deposition). Self-assembled monolayers (SAMs), as an important sub-group of organic
molecules, such as octadecyltrichlorosilane (OTS) etc., are frequently considered as
ultrathin materials suitable for surface engineering with nano-scale dimensions. We
have demonstrated selective-area deposition using electron-beam patterned SAMs as a
nucleation inhibition layer followed by atomic layer deposition (ALD). Nano-line patterns
with sub-30 nm resolution and 100 nm in pitch were achieved.

The other approach is direct implements of a small molecule as a molecule precursor to
deposit self-limiting organic layers which eventually allows layer-by-layer deposition like
ALD. A certain linker, such as OTS, Hydroquinone (HQ), was applied to construct
multilayers of the organic molecules. Conventional inorganic ALD films can be
embedded between the organic layers to form organic-inorganic hybrid nano-laminates.
It was found that the thin film characteristics can be varied from insulating and semi-
conducting layers as altering the organic component from alkane to aromatic based
molecules. This methodology would provide a new route to build 2D nanosheets with
unique properties.



COLL 40

Real-time studies of the atomic layer deposition of metal oxides using ambient
pressure X-ray photoelectron spectroscopy

Ashley R Head', ahead100@gmail.com, Shilpi Chaudhary?*, Sofie Yngman®, Niclas
Johansson®, Olesia Snezhkova', Jan Knudsen®?, Hendrik Bluhm®, Anders Mikkelsen',
Timm Rainer?, Joachim Schnadt*.A (1) Division of Synchrotron Radiation Research,
Department of Physics, Lund University, Lund, SwedenA (2) Max IV Laboratory, Lund
University, Lund, SwedenA (3) Chemical Sciences Division, Lawrence Berkeley
National Laboratory, Berkeley, CA 94720, United States

Performing atomic layer deposition (ALD) of metal oxides at pressures around 0.01
mbar slows the half reactions of the process to allow in situ and real-time probing of
changes in the surface electronic structure using ambient pressure X-ray photoelectron
spectroscopy (APXPS). By monitoring the ALD process as it occurs, new details on the
mechanisms of interface formation and thin film growth can be obtained. The deposition
of HfO, on InAs and the deposition of TiO; on rutile titania from transition metal
coordination complexes and water were studied with APXPS. Predictable, cyclic
chemical shifts of ligand and substrate ionizations are seen in the growth of both films.
However, the kinetics of the film growth differs for the two systems. Upon exposure to
the titania surface, the titanium precursor reacts straightaway and gradually proceeds to
completion. In contrast, the halfnium precursor does not interact with the surface
immediately. Once an activation barrier is surpassed, the reaction occurs
instantaneously. During the interface formation between the HfO, and InAs, the self-
cleaning of the native arsenic oxide is observed through the disappearance of a
component in the As 3d ionization. By understanding the reactivity of different
precursors, the ALD process can be more easily optimized in applications that require
thin films of metal oxides such as metal-oxide-semiconductor devices and catalytic
surfaces.

COLL 41

Selective copper atomic layer deposition of Cu(thd),/H, on palladium and its
application to DNA sequencing

Xiaogiang Jiang, xijj09001@engr.uconn.edu, Han Wang, Willis G. Brian.Department of
Chemical & Biomolecular Engineering, University of Connecticut, Storrs Mansfield,
Connecticut 06269, United States

<h3>Selective copper atomic layer deposition using copper bis (2,2,6,6-tetramethyl-3,5-
heptanedionate) (Cu(thd),)/H» on palladium is useful for the nanofabrication of
tunneling-based electronic devices. Real-time in-situ spectroscopic ellipsometery
(RTSE), ex-situ x-ray photoelectron spectroscopy (XPS), and x-ray diffraction (XRD)
were applied to study the mechanism and selectivity of the copper ALD process. Good
selectivity of copper film growth was achieved on palladium over silicon dioxide and



silicon nitrides surfaces. High-resolution RTSE with submonolayer sensitivity was
achieved to track adsorption and desorption of precursor molecules during each half-
cycle. Different from literature reports, we present a mechanism that proceeds through
chemisorbed hydrogen intermediates that react with Cu(thd), during precursor dosing. It
is found that diffusion of palladium into copper is facile during growth and is
exacerbated by high temperatures and long purge times. Moreover, Pd diffusion leads
to substrate effects that persist during growth. Under optimal conditions, high purity Cu
films can be grown. Tunneling structures for fast and inexpensive single molecule DNA
sequencing have been nanofabricated using a procedure involving a combination of lift-
off and e-beam photolithography. This presentation will discuss the application of ALD
Cu to these devices, including emphasis on good selectivity, controlled growth rate, and
copper film quality. </h3>

Figure-1 . a) SE results of 10 cycle copper ALD and one cycle of copper ALD (inset); b)
tunneling electrodes-Nanopore device for DNA nucleotides sequencing
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Strategies for selective deposition of organic and inorganic materials on
patterned substrates

Fatemeh S. M. Hashemi?, Chaiya Prasittichai®, Stacey F Bent', sbent@stanford.edu.A
(1) Department of Chemical Engineering, Stanford University, Stanford, CA 94305,
United StatesA (2) Department of Materials Science and Engineering, Stanford
University, Stanford, CA 94305, United States

Many applications require use of materials that are patterned or consist of 3-D shapes.
For example, in electronic devices, 3-D structures such as those found in FINFETs are
becoming more prevalent. To achieve such complex structures with nanometer-scale
feature sizes, selective deposition processes may help facilitate the fabrication process.
Here we describe area selective deposition using a combination of self assembled
monolayers (SAMs) and atomic or molecular layer deposition (ALD/MLD). ALD and
MLD are good choices for selective deposition because they are based on self-limiting
reactions between gas phase precursors and specific functional groups at the growth
surface. This chemical specificity provides a means to achieve selectivity in ALD/MLD



on a spatially patterned substrate. Selectivity is obtained by passivation of the surface
using SAMs in the regions where deposition is not desired. We will describe two
systems. In the first, we explore strategies for achieving area selective deposition of
dielectric materials by selectively depositing an organic SAM as the blocking layer on
metal parts of a metal/dielectric substrate pattern. We show that both alkanethiol and
alkylphosphonic acid SAMs can prevent subsequent deposition of metal oxide dielectric
films via ALD on copper. We also introduce results showing that regeneration of the
alkanethiol SAM protecting layer between ALD cycles is effective in improving the
blocking properties of the SAM on Cu. This strategy provides the ability to carry out
selective deposition for film thicknesses greater than 30nm, opening up the possibility
for new applications in next generation electronic devices. In the second system, we
explore whether similar approaches can be used to block MLD of organic films.
Interestingly it is found that it is more difficult to completely block polyurea MLD than it is
to block ZnO ALD. An explanation based on the nucleation mechanisms of both
processes is proposed.

COLL 43

Toward organic electronics: Methods for the selective deposition of
semiconductors

Zhiwei Shi, Jing Yang, Amy V Walker, amy.walker@utdallas.edu.Department of
Materials Science and Engineering, University of Texas at Dallas, Richardson, Texas
75080, United States

Robust methods for the chemically selective deposition of semiconductors are
developed and applied in the construction of complex two- and three-dimensional
structures. These methods are easily parallelized, afford precise nanoscale placement
and are compatible with photolithography. This work has important applications
including in photovoltaics, molecular and organic electronics, and other technologies.
Several recent developments in our laboratories are discussed including the chemical
bath deposition (CBD) and atomic layer deposition (ALD) of ZnO and the formation of
Cu and CuyS “wires” on micron-scale patterned surfaces. We demonstrate that the
deposition selectivity and film morphology can be controlled by the deposition
technique, the experimental conditions and the underlying substrate chemistry.
Optimization and further development of these techniques requires a detailed
understanding of the reaction pathways involved in the interaction of organic thin films
with organometallic compounds, ions, and other compounds.

COLL 44
Membrane mechanics

Subra Muralidharan, subra.murali@wsu.edu.School of Molecular BioSciences,
Washington State University, Pullman, WA 99164, United States



Mechanical properties of cell and synthetic membranes play a significant role in their
response

to extracellular stress and molecular transport. Cell membrane mechanics is dynamic
unlike

synthetic membranes, which tend to be static. Understanding cell membrane mechanics
is

integral to understanding the role extracellular mechanical stress in many diseases like
cancer.

Recent developments in this area will be discussed.
COLL 45
Membrane synthesis

Subra Muralidharan, subra.murali@wsu.edu.School of Molecular BioSciences,
Washington State University, Pullman, WA 99163, United States

Modeling and understanding biomembrane structure, dynamics, and transport have
resulted

in novel synthetic strategies. These in addition to providing insights have also yielded
novel

compounds. Highlights of recent membrane synthesis will be discussed.
COLL 46
Membrane structure

Subra Muralidharan, subra.murali@wsu.edu.School of Molecular BioSciences,
Washington State University, Pullman, WA 99164, United States

Cell membrane structure due the complex milieu of molecules that are self-assembled

continues to provide opportunities for newer studies aided by many developing
methods.

Significant aspects of recent developments will be discussed.
COLL 47

Membrane dynamics



Subra Muralidharan, subra.murali@wsu.edu.School of Molecular BioSciences,
Washington State University, Pullman, WA 99164, United States

The dynamics of self-assembled molecules in biomembranes imparts membrane
dynamics

features that influence structure, molecular transport, response to extracellular
mechanical

stress, and signaling pathways. Important advances in understanding membrane
dynamics will

be discussed.
COLL 48
Techniques

Subra Muralidharan, subra.murali@wsu.edu.School of Molecular BioSciences,
Washington State University, Pullman, WA 99164, United States

Many time resolved techniques are continuing to be employed in stand alone and
coupled

modes to discern the dynamic structure of biomembranes. Some of the recent
advances will be

discussed.
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One-pot synthesis of fluorescent hybrid nanoparticles and their assembly into
transparent and multi-colored nanofilms

Yuuka Fukui, yuukafukui@applc.keio.ac.jp, Yui Ozawa, Keiji Fujimoto.Department of
Applied Chemistry, Keio University, Yokohama, Kanagawa Prefecture 223-8522, Japan

We developed a route for one-pot synthesis of hybrid nanoparticles and their assembly
into a nanofilm by utilizing a fusion and fission-triggered nanoreactor system based on
water-in-oil miniemulsion system [J. Mater. Chem., 2012, 22, 3493-3499, J. Mater.
Chem. C, 2013, 1, 1231-1237].

(a) One-pot synthesis of fluorescent hybrid nanoparticles (figure 1a)

A fluorescent nanocrystal, ZnS:Mn?* was produced in a confined system via fusion and
fission of nanodroplets induced by ultrasonication and subsequent polymerization



allowed for encapsulation of nanocrystals inside polymer nanoparticles. The resultant
hybrid nanoparticles exhibited strong light emitting under UV irradiation due to an
efficient surface capping of nanocrystals with polymers. Also, hybrid nanoparticles with
different colors could be created by tuning of Mn“**doping into ZnS nanocrystals.

(b) Assembly of hybrid nanoparticles to create multi-colored nanofilms (figure 1b)

The hybrid nanoparticles were spin-coated to form a transparent hybrid nanofilm. The
nanofilms prepared from ZnS-encapsulated and ZnS:Mn**-encapsulated nanoparticles
showed blue and orange emission, respectively. Furthermore, we developed a simple
and facile way in making diverse fluorescent colors. By mixing of hybrid nanoparticles of
ZnS (blue) and those of ZnS:Mn**(orange) at different volume ratios, the output color of
the nanofilm could be controlled from blue to orange.

We believe that our nanoreactor system would offer a viable way in one-pot synthesis of
nanomaterials applicable to various devices.
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Figure 1 {a8) A route fo prepare Zn3: M= nanocrystals, followed by their
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Application of "click chemistry” in designing new magnetic materials

Yue Liu', yueliu@udel.edu, Ramarao Neelam?, Timothy Miller!, George Hadjipanayis?,
Andrew Teplyakov'.A (1) Department of Chemistry and Biochemistry, University of
Delaware, Newark, Delaware 19716, United StatesA (2) Department of Physics &
Astronomy, University of Delaware, Newark, Delaware 19716, United States



Iron nanopatrticles were used as a case study to apply chemical surface
functionalization of magnetic nanoparticles to drive their assembly into new magnetic
materials. Two batches of iron nanoparticles were functionalized with 5-azidopentanoic
acid and 5-hexynoic acid, respectively. The iron nanoparticles modified with two
different functionalities were then reacted through “click chemistry” by using Cu(l)
catalyst in DMSO/water solvent. A combination of density function theory (DFT)
calculations, Fourier- transform infrared spectroscopy (FT-IR), X-ray photoelectron
spectroscopy (XPS) and time-of-flight secondary ion mass spectrometry (ToF-SIMS)
were used to investigate each surface modification step as well as the result of the “click
chemistry” process. This approach proved the success of this material design
scheme.Scanning electron microscopy (SEM) uncovered the morphological change
after “click” reaction of the iron nanoparticles modified with two different functionalities,
confirming the formation of a new material. A series of control experiments ruled out the
possibility of changing morphology through redox reactions and other unwanted
processes. Vibrating sample magnetometer (VSM) showed that the new material
retained approximately 50% of magnetization. Future work will focus on using organic
solvents and faster “click’-type reactions to prevent surface oxidation and retain the
magnetic properties at their original level.

COLL 51
Nonequilibrium synthesis of hierarchical nanostructures at reactive interfaces
Eric J Nelson®, Eric J Lochner?, Yan Xin®, Jason J Pagano®, jpagano@svsu.edu.A (1)

Department of Chemistry, Saginaw Valley State University, University Center, Michigan
48710-0001, United StatesA (2) Department of Physics, Florida State University,



Tallahassee, Florida 32306-4350, United StatesA (3) National High Magnetic Field
Laboratory, Tallahassee, Florida 32310-3706, United States

Chemical reactions far from equilibrium are capable of producing hollow tubes of silica-
supported metal hydroxides (or oxides). The tubes are hierarchically ordered materials
which grow at the molecular level into the macroscopic. In our experiments, we produce
highly linear silica/cadmium hydroxide/cadmium oxide tubes that grow to decimeter
lengths and have radii in the range of 40-600 um. Scanning electron microscopy (SEM)
characterizations of the outer and inner surfaces reveal qualitative differences. The
walls of the tubular precipitation structures have typical widths of 3-10 um. Results from
powder X-ray diffraction (XRD) and transmission electron microscopy (TEM) of the
powdered silica/cadmium hydroxide/cadmium oxide tubes are presented. Potential
applications of silica/cadmium hydroxide/cadmium oxide tubes will be discussed.

COLL 52
Self-assembly of colloidal nanoparticles: The roles of shape, size, and ligand

Zewei Quan?', zquan@Ilanl.gov, Zhongwu Wang?, Jiye Fang® James Boncella’,
Hongwu Xu*.A (1) Earth and Environmental Science, Los Alamos National Laboratory,
Los Alamos, NY 87545, United StatesA (2) Cornell High Energy Synchrotron Source,
Cornell University, Ithaca, NY 14853, United StatesA (3) Department of Chemistry,
State University of New York at Binghamton, Binghamton, NY 13902, United StatesA
(4) Materials Physics and Applications, Los Alamos National Laboratory, Los Alamos,
NM 87545, United States

Self-assembly of various building blocks into macroscopic structures with desired
features and functions, that is, "bottom-up" assembly, is an interesting theme that runs
through chemistry, biology and material science.* Among them, due to the research
efforts from many groups, colloidal nanoparticles can be prepared with tunable shapes,
sizes and organic ligands. We have used this tunability in our investigations of the self-
assembly process.

Here, | will present our recent progress on the self-assembly of colloidal nanopatrticles,
focusing on colloidal lead chalcogenide nanoparticles with adjustable sizes from 3 to 9
nm.?>3 With the progressive increase in particle size, their shapes change
correspondingly from octahedra to cubes. Additionally, we also use different solvents to
modulate the individual particle interactions to control the final superlattice type. The
use of advanced synchrotron-based small angle and wide angle X-ray scattering (SAXS
and WAXS) techniques provides us with a powerful set of tools to perform this study.*
These investigations are expected to produce deep insights into the effects that control
the complex processes that determine particle and superlattice morphology

References:

(1) Quan, Z.; Fang, J. Nano Today 2010, 5, 390.



(2) Quan, Z.; Loc, W. S.; Lin, C.; Luo, Z.; Yang, K.; Wang, Y.; Wang, H.; Wang, Z.;
Fang, J. Nano Lett. 2012, 12, 4409.

(3) Zhang, J.; Luo, Z.; Quan, Z.; Wang, Y.; Kumbhar, A.; Smilgies, D.-M.; Fang, J. Nano
Lett. 2011, 11, 2912.

(4) Wang, Z.; Chen, O.; Cao, C. Y.; Finkelstein, K.; Smilgies, D.-M.; Lu, X.; Bassett, W.
A. Rev. Sci. Instrum. 2010, 81, 093902.
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Assembly of asymmetric microparticles at air/water interface

Sung-Min Kang?, sungmin.kang21@gmail.com, Chang-Hyung Choi', Byoung-Jin Lee?,
Daeyeon Lee®, Bum Jun Park? Chang-Soo Lee’.A (1) Department of Chemical
Engineering, Chungnam National University, Daejeon, Daejeon 305-764, Republic of
KoreaA (2) Department of Chemical Engineering, Kyung Hee University, Yongin-si,
Yongin-si 446-701, Republic of KoreaA (3) Department of Chemical and Biomolecular
Engineering, University of Pennsylvania, Philadelphia, PA 19104, United States

Self-assembly of particles at fluid—fluid interfaces at the microscopic level has been
extensively investigated. The ability to control the shape and wetting properties of
anisotropic particles could provide a unique opportunity to control their surface activity.

In this work, we study self-assembly behavior of complex patched particles by using
capillary multipoles. Complex patched particles with hydrophilic body and relatively
hydrophobic patches can be synthesized by micromolding technique combined with
photopolymerization.

At an air/ water interface, the formation of capillary multipoles induced by individual
patchy results in formation of complex assembled structure. In addition, the formation of
assembled structures can be manipulated by the size of controlled patchy.

We envision that the interfacial assembly of complex patched particles provides
alternative and efficient tool for fundamental study about a long ranged particle-particle
interaction. Based on this study, we are able to understand particle-particle interaction
at fluid-fluid interface.

COLL 54

Deposition of 2D colloidal coatings from zeolite nanoplatelets by controlled
convective assembly

Daniel Liu*, danieljliu@gmail.com, Orlin Velev?, Benjamin Martin>.A (1) NSF-PREM
Center for Interfaces in Materials, Texas State University, San Marcos, Texas 78666,



United StatesA (2) Department of Chemical and Biomolecular Engineering, North
Carolina State University, Raleigh, NC 27695, United States

Relatively monodisperse zeolite (ZSM-2) nanoparticles were synthesized by a
hydrothermal reaction. The approximately 150 nm diameter zeolite nanoparticles have a
well-defined hexagonal platelet-like geometry with an aspect ratio of approximately 5:1
and form a stable colloidal suspension in water. The nanoplatelets were deposited onto
a substrate by a controlled convective assembly method that involved evaporation of a
dilute aqueous suspension confined in a small meniscus region that was slowly drawn
across the substrate surface. The deposition formed a coating of the zeolite
nanoplatelets with monolayer and multilayer regions. The nanoparticles in monolayer
regions are close-packed and uniformly oriented in a hexagonal arrangement, while the
multilayer regions are disordered. Major process parameters such as suspension
concentration and deposition speed were found to be key factors in controlling the
resulting morphology and continuity of the coating. The surface energy of the substrate
surface and the evaporation rate are also significant. The results make possible the
rapid and facile deposition of strongly adhesive catalytic nanofilms.

COLL 55
Greener pathways for the synthesis of nanomaterials

Rajender S Varma, Varma.Rajender@epa.gov.Sustainable Technology Division,
National Risk Management Research Laboratory, U.S. Environmental Protection
Agency, Cincinnati, Ohio 45268, United States

Vitamins B4, B, C, and tea and wine polyphenols which function both as reducing and
capping agents, provide extremely simple, one-pot, greener methods to bulk quantities
of nanomaterials in water.* Shape-controlled synthesis of via microwave (MW)-assisted
spontaneous reduction of noble metal salts using sugars or polyols will be presented.
MW-assisted method has been developed for the cross-linking reaction of poly (vinyl
alcohol) (PVA) with metallic systems and formation of biodegradable
carboxymethylcellulose (CMC) composite films with noble nanometals. MW
hydrothermal process produces magnetic nanoferrites? and micro-pine structured
materials in water from readily available metal salts.® Sustainable route to nanoparticles
using polyphenols from winery waste,*? beet juice,*” and biodiesel byproduct, glycerol*
and use of microwaves to generate uniformly smaller size particles will be highlighted.

1. Nadagouda, M. N.; Varma, R. S. Green Chem. 2008 , 10, 859; Acc. Chem. Res.
2011, 44, 469; Hebbalalu, D., Lalley, J. Nadagouda, M. N.; Varma, R. S. ACS
Sustainable Chem. & Eng., 1, 703 (2013).

2. Baruwati, B.; Nadagouda, M. N.; Varma, R. S. J. Phys. Chem. C. 2008 , 112,
18399.

3. Polshettiwar, V.; Baruwati, B.; Varma, R. S. ACS Nano 2009, 3, 728.



4. (a) Baruwati, B.; Varma, R. S. ChemSusChem 2006 , 2, 1041; (b) Kou, J.;
Varma, R. S. ChemSusChem 2012 , 5, 2435; (c) Kou, J.; Varma, R. S. Chem.
Commun. 2013, 49, 692.
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Effects of multiplexing small molecule-DNA hybrid linkers on the DNA-directed
synthesis of nanoparticle superlattices

Ibrahim Eryazici?, ieryazici@northwestern.edu, Robert J. Macfarlane!, Keith A. Brown®,
Byeongdu Lee?, Ryan V. Thaner', Chad A. Mirkin', SonBinh T. Nguyen®.A (1)
Department of Chemistry, Northwestern University, Evanston, IL 60208, United StatesA
(2) X-ray Science Division, Argonne National Laboratory, Argonne, IL 60439, United
States

The assembly of gold nanoparticles (AuNPS) into colloidal crystals via programmable
DNA interactions has recently been shown to be a versatile method for creating
nanoparticle-based superlattices with tunable particle compositions, lattice parameters,
and crystal symmetries.! A broad range DNA-linked AuNP lattices, whose structures
can be predicted through a phase diagram, can be formed by controlling both the
hydrodynamic size and number of DNA strands on these particles. We have extended
this work to include a new DNA linker system based on small molecule-DNA hybrids
(SMDHSs), wherein the incorporation of a small molecule core results in branched DNA
building blocks. When these branched SMDHs are used as linkers in the construction of
AuNP superlattices, every single hybridized junction between particles comprises
multiple DNA duplex connections. This allows us to increase the total number of DNA
connections between particles and tune the thermodynamics of binding between the
SMDHs. In this presentation, we will discuss the thermodynamic properties of this new
class of SMDH-linked AuNP structures and their implications in the formation of
nanoparticle superlattices.

(1) Macfarlane, R. J.; Lee, B.; Jones, M. R.; Harris, N.; Schatz, G. C.; Mirkin, C. A.
Science 2011, 334, 204-208.
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Atomistic modeling of colloidal nanoparticles with active ligands: Solvation,
electro-activity, pH-activity, and bio-activity

Petr Kral, pkral@uic.edu.Chemistry, Physics, University of lllinois at Chicago, Chicago,
IL 60607, United States

We present our recent collaborative studies of colloidal nanoparticles with active ligands
that can control the nanoparticle behavior. In particular, we show that: 1) nanoparticles
of different sizes can have different solvation properties, 2) self-assembly and
positioning of nanoparticles at the interfaces of different ionic solvents can be controlled



by electric fields, 3) pH can control the self-assembly of nanopatrticles into exotic
superstructures, and 4) ligands can determine the biological responses of nanoparticles.
We use atomistic molecular dynamics simulations to capture the unique characteristics
of these novel systems and explain their properties through the physical, chemical, and
biological processes taking part at their ligands.

COLL 58

Controlled self-assembly of colloidal nanoparticles into finite-sized
superstructures

Henry Chan, hchan20@uic.edu, Petr Kral.Department of Chemistry, University of
lllinois at Chicago, Chicago, IL 60607, United States

Under carefully controlled conditions, our experimental collaborators have observed the
self-assembly of non-spherical colloidal nanoparticles into superstructures with unique
shapes, topologies, and self-limited sizes. We use precise atomistic molecular dynamics
simulations and intricate Monte Carlo techniques to model the formation of these
systems of nanoparticles coupled by anisotropic forces and in the presence of external
fields.

COLL 59
Flexible chains of surface-modified nickel nanoparticles

Ruslan Burtovyy?, rburtov@clemson.edu, James Townsend®, Yu Gu®, Jeffery Owens?,
Konstantin Kornev?, Igor Luzinov'.A (1) Department of Materials Science and
Engineering, Clemson University, Clemson, South Carolina 29634, United StatesA (2)
Air Force Civil Engineer Center, Tyndall AFB, Panama City, Florida 32403, United
States

We report on surface modification of Ni nanoparticles (NiNP) (100 nm) with
polyethylene glycol (PEG) protective layer. The modification has been carried out using
“grafting to” technique, where PEG (10 nm) is attached to the particles' surface through
pre-grafted poly(glycidyl methacrylate) (PGMA) anchoring layer. It allows overcoming
the major problem of poor colloidal stability of ferromagnetic nanoparticles. Considering
“universal” solubility/affinity of PEG to media of various polarities dispersibility of the
modified particles in water, ethanol or even toluene has been improved significantly. It
has been demonstrated that nanochains formed by the modified NiNP in magnetic field
are extremely flexible. They attain straight “rod” configuration under the field and
collapse entirely to a “globular” shape at zero field. The process is completely
reversible. Even more visually stunning example was observed for large chains
composed of several layers of NINP. The chains can bend to the highest degree
attaining “snake-like” configuration manifesting their extraordinary flexibility. It is for the
first time that such remarkable behavior was demonstrated. On contrary, once formed
rigid “rod” configuration of as synthesized NINP chains is preserved disregarding of



presence or absence of external magnetic stimuli. The experimental as well as
theoretical aspects of the observed phenomenon of the chains flexibility will be
discussed.

COLL 60

Targeted direct synthesis of water soluble functional gold nanoparticles with core
diameters below 10 nm

Edward W Elliott, edwarde@uoregon.edu, Patick M. Haben, James E.
Hutchison.Department of Chemistry, University of Oregon, Eugene, OR 97403, United
States

Stable gold nanoparticles with size-dependent optical properties functionalized with
well-defined ligand shells offer utility for wide variety of applications such as sensing,
imaging, and drug delivery. Thiolate stabilized gold nanoparticles (AuNPSs) in the range
of 2-10 nm meet these material requirements; however, targeting core sizes across this
range while simultaneously controlling surface functionality proves synthetically
challenging. We report a single-step direct synthesis that produces water-soluble
AuNPs with targeted core sizes across this range while simultaneously controlling
surface functionality using one or more ligand moieties. The reduction of Au(lll) with
sodium borohydride in the presence of a functionalized masked thiol yields
functionalized nanoparticles in a single step. By synthesizing alkyl thiosulfates as the
masked thiols, water can be used as the only solvent. The use of this class of ligands
also allows core size to be controlled as a function of pH. Reaction conditions were
rapidly optimized using a combination of a microreactor and automated small-angle X-
ray scattering size analysis. The dependence of the core size on the pH was closely
correlated but unique for each ligand or for a pair of ligands studied. For each ligand or
pair of ligands a working curve was produced which made it possible to subsequently
synthesize particles with specific, targeted core diameters. This method eliminates the
need for ligand exchange and thus avoids complexity due to additional synthetic steps.
107
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Long chained fatty acid monolayers: Influence of methyl branching

Mark W Rutland?, mark@kth.se, Jonathan DF Liljeblad®, Eric Tyrode®, Esben
Thormann?, Ann-Claude Dublanchet®, Gustavo Luengo®, C. Magnus Johnson'.A (1)
Department of Surface and Corrosion Science, KTH Royal Institute of Technology,
Stockholm, SwedenA (2) Chemistry Materials and Surfaces, SP Technical Research
Institute of Sweden, Stockholm, SwedenA (3) L'OrA®©al Research and Innovation,
Aulnay-sous-Bois, France

The morphology and molecular conformation of Langmuir-Blodgett deposited and
floating monolayers of a selection of straight chain (eicosanoic acid, EA), iso (19-methyl
eicosanoic acid, 19-MEA), and anteiso (18-methyl eicosanoic acid, 18-MEA) fatty acids
have been investigated by Vibrational Sum Frequency Spectroscopy (VSFS), AFM
imaging, and the Langmuir trough. While the straight chain fatty acids form smooth,
featureless, monolayers on the contrary all branched chain fatty acids display 10 — 50
nm size domains (larger for 19-MEA than the 18-MEA) with a homogeneous size
distribution. No differences between the chiral (S) form and the racemic mixture of the
18-MEA are observed with any of the utilized techniques. The aliphatic chains of the
straight chain fatty acids appear to be oriented perpendicular to the sample surface,
based on an orientational analysis of VSFS data and the odd / even effect. In addition,
the selection of the subphase (neat water or CdCl, containing buffered to pH 6.0) used
for the LB-deposition has a profound influence on the monolayer morphology, packing
density, compressibility, and conformational order. Finally, the orientation of the 19-MEA
dimethyl moiety is estimated, and a strategy for performing an orientational analysis to
determine the complete molecular orientation of the aliphatic chains of 19-MEA and 18-
MEA is outlined and discussed.

COLL 62
Adventure in superomniphobic surfaces

Frederic GUITTARD, guittard@unice.fr, Thierry DARMANIN, Elisabeth TAFFIN DE
GIVENCHY, Sonia AMIGONI.CNRS, LPMC, UMR7336, Group Surface & Interface,
Univ. Nice Sophia Antipolis, Nice, France

The control of surface wettability (nano and micro roughness and chemical functions) is
a major challenge for many practical applications and for new materials like
superhydro/oleophobic surfaces. The biomimetism of natural surfaces allowed for the
deeper understanding of our fundamental knowledge of surface wettability. The
consequence is the development of many methods to reproduce this phenomenon and
to conceive anti-wetting surfaces from water to oil. Hence, the study of
superhydrophobic surfaces is exponential since 2004 with more than 700 publications in
2010 and in 2011, and more than 350 patents up to now in 2013. Thus, some reviews
on superhydrophobic materials were reported, showing the interest of the scientific



community in this domain. However, the elaboration of superoleophobic surfaces was
reported only in few works, mainly based on a fluorinated post-treatment of rough
surfaces. Indeed, the lower the surface tension of the liquid probe is, the more difficult it
is to prevent spreading out. Here, we report examples of the elaboration of superoleo-
and-hydro-phobic surfaces by electrodeposition (one-pot build-up method). In order to
consider the possible modulation of oleophobic/hydrophobic behaviour, the relation
between the surface properties and the electrochemical parameters is also presented.
Advanced Materials, 2013, 25, 1378-1394

COLL 63
Oleophobic perfluoro polyester films

Tugba Demir, tdemir@g.clemson.edu, Yuriy Galabura, Philip J Brown, Igor
Luzinov.Material Science and Engineering, Clemson University, Clemson, sc 29634,
United States

Perfluoro-ester polymers (PF-oate) were synthesized via Schotten—Baumann reaction
of acid chloride with perfluoro alcohols. The polymers were characterized using *H, *C
NMR, FT-IR, TGA and DSC. Next, the polymers were solvent-blended with polyethylene
terephthalate (PET) at various concentrations to obtain oleophobic polyester films of
different compositions. The wettability of the films with water and hexadecane was
determined using contact angle measurements. The obtained PET/PF-oate films
demonstrated low wettability that depended on the film composition.

COLL 64

Robust superamphiphobic inorganic-organic thiol-ene surfaces via spray-
deposition and photopolymerization

Li Xiong, li.xiong@eagles.usm.edu, Laken L Kendrick, James Goetz, Derek L
Patton.School of Polymers and High Performance Materials, University of Southern
Mississippi, Hattiesburg, MS 39406, United States

Surperamphiphobic surfaces, exhibiting high contact angles and low contact angle
hysteresis to water and low surface tension liquids, have attracted a great deal attention
in recent years due to the importance in many practical applications. In this work, we
present a simple strategy for fabrication of superamphiphobic coatings based on
photopolymerization of hybrid thiol-ene resins. Spray-deposition and UV cure of thiol-
ene resins containing hydrophobic silica nanoparticles and fluorinated thiols provides a
multiscale topography that endows the surface with superamphiphobicity and repellency
towards several low surface tension liguids. Droplet impact and sandpaper abrasion
tests indicate the coatings respectively possess a robust anti-wetting behavior and good
mechanical durability.
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Preparation of poly(a-methylen-y-butyrolactone) and evaluation of its surface
physical properties

Tomoyasu Hirai*?, t-hirai@cstf.kyushu-u.ac.jp, Xinyue Zheng?, Masanao Sato?, Y uji
Higaki™?, Atsushi Takahara?.A (1) institute for Materials Chemistry and Engineering,
Kyushu University, Fukuoka 744 Motooka Nishi-ku, JapanA (2) Graduate School of
Engineering, Kyushu University, Fukuoka 744 Motooka Nishi-ku, Japan

Poly(a-metylene-y-butyrolactone) (PMBL) is a polymeric material, which has both high
glass transition temperature (T4) and high refractive index even though its chemical
structure is similar to PMMA. In this presentation, we discuss an effect of
stereoregularity on surface wettability by using PMBLSs prepared by anionic
polymerization, which can control the stereoregularity.

Both isotactic-rich and atactic PMBLs were synthesized on the basis of conventional
anionic polymerization method. Surface wettability was evaluated by using static and
dynamic contact angle measurement. Interestingly, atactic PMBL showed higher
surface energy than that of isotactic-rich PMBL, nevertheless, sliding angle of atactic
PMBL was lower. These results imply that the surface reorganization of atactic PMBL is
more suppressed than that of isotactic-rich PMBL. In order to investigate the details of
surface wettability, time dependence of static contact angle measurement was
demonstrated as shown in figurel. Open symbols are experimental result, and solid
lines are the best-fit curve on the basis of eq 1.

B(t)=(Bini-Oter)eXP(-t/T)+kt+B¢r (1)
Here, Bi, and B, are the initial values of 8 at t=0 and the terminal vale of 8 in a qusai-

equilibrium state, respectively, while 1 is the time corresponding to the 6 decay in the
initial stage. The t values obtained from PMBL were 2.87 s in isotactic-rich and 3.13 s in



atactic, respectively. This result strongly supports that the surface reorganization of
atactic PMBL is slightly suppressed than that of isotactic-rich PMBL.
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Breakdown of superhydrophobicity of nanotextured surfaces

Antonio Checco®, checco@bnl.gov, Benjamin M. Ocko', Atikur Rahman®, Charles T.
Black’, Mykola Tasinkevych?, Siegfried Dietrich®>.A (1) Brookhaven National Laboratory,
Upton, New York 11973, United StatesA (2) Max Planck Institute for Intelligent
Systems, Stuttgart, Germany

Superhydrophobic surfaces exhibit elaborate textures designed to repel liquids and
reduce adhesion by trapping air. However, they fail under conditions involving high
temperature, pressure, and humidity when the air trapped in the texture is prone to
escape. A current research challenge is to improve the robustness of these surfaces by
delaying or preventing air escape.

Here we describe a novel, block copolymer based fabrication approach for
creating robust water repellent surfaces with well-defined textures at the

10 nm scale[1]. We show that tuning the nanostructure shape and aspect ratio
dramatically influences the surface wetting properties, with proper control

crucial for achieving robust superhydrophobicity. Further, we characterize the
robustness of the various nanotextures against forced water infiltration

using transmission small angle x-ray scattering under variable hydrostatic
pressure up to 50 atm. In these experiments, the infiltration filling

fraction (under variable applied pressure) is obtained from the intensity of



the diffracted signal. In all structures, significant infiltration occurs

irreversibly above a critical pressure depending on the texture size and

geometry. The detailed adsorption isotherms are well modeled by accounting for
the specific shape of the nanotexture's geometry. Further, the desorption isotherms
provide insight in to the irreversible gas-liquid exchange in nano-confined systems.

[1] Checco, A., Rahman, A. and Black, C. T. (2013), Robust Superhydrophobicity in
Large-Area Nanostructured Surfaces Defined by Block-Copolymer Self Assembly. Adv.
Mater.. doi: 10.1002/adma.201304006
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Hydrophobic rare-earth oxide ceramics with applications to sustained dropwise
condensation

Gisele Azimi, gazimi@mit.edu, Adam T. Paxson, Hyuk-Min Kwon, Kripa K.
Varanasi.Mechanical Engineering, MIT, Cambridge, MA 02139, United States

Hydrophobic materials that are robust to harsh environments are needed in a broad
range of applications [1]-[3]. Although durable materials such as metals and ceramics,
which are generally hydrophilic, can be rendered hydrophobic by polymeric modifiers
[4], these materials deteriorate in harsh environments. Here we show that a class of
ceramics comprising the entire lanthanide oxide series, ranging from ceria to lutecia, is
intrinsically hydrophobic (see figurel)[5].



Photographs of the sintered rare-earth oxide pellets (cerium oxide through lutetium
oxide). All the pellets are hydrophobic: water contact angles range between 100° and
115°. The image at the center is a goniometer snapshot of a water droplet beading up
on a smooth neodymium oxide surface, as a model sample of the entire REO series;
scale baris 1 mm.

We attribute their hydrophobicity to their unique electronic structure, which inhibits
hydrogen bonding with interfacial water molecules. We also show with surface-energy
measurements that polar interactions are minimized at these surfaces and with
FTIR/GATR that interfacial water molecules are oriented in the hydrophobic hydration
structure. Moreover, we demonstrate that these ceramic materials promote dropwise
condensation, repel impinging water droplets, and sustain hydrophobicity even after
exposure to harsh environments[5]. These ceramics can also be used to fabricate
superhydrophobic surfaces using various techniques. As an example, we fabricated
superhydrophobic surfaces by sputtering a thin layer (~200-350 nm) of ceria onto
nanograss-covered silicon microposts (figure2a). Water droplets display high contact
angles (figure2b) and exhibit extreme mobility due to low contact angle hysteresis
(<10°) on these surfaces. In addition, impinging water droplets completely bounce off
the surface, leaving it dry (figure2c). Hence, we envision that this class of robust
hydrophobic materials will have far-reaching technological potential in various industrial
applications, where water repellency and dropwise condensation are desirable.



160°+2°

Superhydrophobicity and water repellency of rare-earth oxide coated textured surfaces.
a) SEM of nanograss-covered microposts (side ~ 10 ym, inter-post spacing ~ 5 ym);
scale bar is 10 um; b) Photographs of water droplets on the ceria sputtered nanograss
micropost surface (6 =160° + 2°); scale bar is 2.5 mm.; c¢) High-speed photography
images of a water droplet bouncing off the surface (impact velocity ~ 1.6 m/s); scale bar
is 2.5 mm.
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Superhydrophobic coatings using surface-modified halloysite nanotubes



Atsushi Takahara"*®, takahara@cstf.kyushu-u.ac.jp, Wei Ma”.A (1) Takahara Soft
Interfaces Project, JST ERATO, Fukuoka, JapanA (2) WPI I2CNER, Kyushu University,
Fukuoka, JapanA (3) IMCE, Kyushu University, Fukuoka, Japan

Nanotubular materials are important building blocks for future nanotechnology and have
attracted research interests over the past two decades. Among various nanotubes, an
increasing attention has been being paid to the clay based ones, due to many of their
great advantages, such as abundant availability, environmental friendliness, and
biocompatibility. One of the most well-known clay nanotubes is halloysite, a hydrated
polymorph of kaolinite consisting of silica on the outer surface and alumina in the
innermost surface [1]. Halloysite has been widely used as nanocontainers for controlled
release of various active agents and nanofillers for organic/inorganic hybrid materials.
Other usages of halloysite include pollutant removing, catalyst supporter, and drug
delivery.

Superhydrophobic surfaces with water contact angle larger than 150° have shown great
significance in both scientific and industrial areas, due to their potential applications in
many important areas, including self-cleaning materials, corrosion resistance, and low
dragging coatings [2]. By mimicking lotus structure, a considerable amount of artificial
superhydrophobic surfaces have been developed. However, most of the reported
methods require special equipments, complicated process control or expensive
materials. uperhydrophobic surfaces using clay nanotubes as the building blocks have
not been reported.

In this work, we demonstrated the fabrication of a superhydrophobic coating using
1H,1H,2H,2H-perfluorooctyltrimethoxysilane (FOTMS) modified Halloysite nanotubes
(F-HNT). A sol-gel process using tetraethoxysilane (TEOS) and F-HNT was applied for
the coating preparation. Fourier transform infrared (FTIR) analysis indicated that
halloysite nanotubes were successfully modified with FOTMS. SEM measurements
show that the F-HNT/silica coating exhibited a micro/nano hierarchical structure, The
obtained coating gives water contact angles above 150°. Moreover, the hydrophobicity
of the film can be tuned by the content of F-HNT; stick and non-sticky superhydrophobic
films can also be achieved at certain F-HNT contents.

[1] W. Yah, H. Xu, H. Soejima, W. Ma, Y. Lvov, A. Takahara, J. Am. Chem. Soc., 134.
(2012) 12134-12137. [2] W. Ma, H. Wu, Y. Higaki, H. Otsuka, A. Takahara, Chem.
Commun., 48. (2012) 6824—6826.
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Omniphobic slippery coatings based on lubricant-infused porous polyelectrolyte
multilayers with layer-by-layer assembly

Xiayun HuanAgl, sherry.huangxiayun@gmail.com, James D Chrisman*, Nicole S
Zacharia™*®.A (1) Department of Mechanical Engineering, Texas A&M University,
College Station, Texas 77843, United StatesA (2) Department of Materials Science and



Engineering, Texas A&M University, College Station, Texas 77843, United StatesA (3)
Department of Polymer Engineering, The University of Akron, Akron, Ohio 44325,
United States

Omniphobic and slippery coatings from lubricant infused textured surfaces have
recently been shown to have superior properties including low contact angle hysteresis
and low sliding angles. Here, we present a new approach to the fabrication of these
omniphobic slippery surfaces by using polyelectrolyte multilayers assembled by the
layer-by-layer technique. Water soluble weak polyelectrolytes, branched
poly(ethyleneimine) and poly(acrylic acid), were used as the basis for the polyelectrolyte
multilayer structures. Due to the responsive change density variation to the pH of
surrounding environment, the honeycomb-like microporous structures can be achieved
through staged acid treatment. The omniphobic slippery surface would be prepared by
infusing a fluorinated lubricant into a porous polyelectrolyte multilayer. These surfaces
repel water and decane with sliding angles as low as 3°. One advantage of
polyelectrolyte multilayers is the ease with which they can coat non-planar surfaces,
such as glass tube.
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Novel non-fluorinated super hydrophobic surfaces

Mani P Singh, msingh@gelest.com, Robert C Woerner, Janis G Matisons, Joel
Zazyczny, Barry Arkles.Gelest Inc., Morrisville, PA 19067, United States

Applications of hydrophobic surfaces have a growing global market targeting
automotive, health, microelectronics, and pharmaceutical industries. These hydrophobic
properties are commonly achieved with perfluorinated compounds including polymers
and silanes. The negative health and environmental concerns associated with these
fluorinated treatments are driving the search for new alternatives with minimal effects on
the environment. Formulations containing silanes, siloxanes, and inorganic particles are
viable alternatives to fluorosilanes in hydrophobic applications. As Gelest, Inc. is one of



the leaders in silane chemistry, the availability of new chemistries and application
techniques makes novel hydrophobic surfaces an exciting new research area.

Application of various non-fluorinated silanes and silicones in combination with
inorganic particles will be presented along with the effect of application method on the
resulting hydrophobicity. Characterization by static, advancing, and receding contact
angles provide a direct correlation with the hydrophobic properties of these viable
alternatives. While fluorinated static contact angles range from 108°-115°, non-
fluorinated smooth surfaces without particles exhibit similar contact angles. Introduction
of micro and nano-roughness by incorporating inorganic particles create surfaces with
static contact angles leading into the super-hydrophobic region of 150°. AFM, SEM, and
XPS shed light on the surface morphology and topography of the treated substrates.

COoLL 71
Curvature-dependent wetting of perfluorinated monolayers

Kellen M Harkness?, kellen.harkness@epfl.ch, Z. Pelin Guven?, Ozge Akbulut?,
Francesco Stellacci’.A (1) Department of Materials Science and Engineering, Ecole
Polytechnique Federale de Lausanne, Lausanne, SwitzerlandA (2) Faculty of
Engineering and Natural Sciences, Sabanci University, Tuzla Istanbul, Turkey

Fluorinated organic compounds have assumed an important role in green chemistry,
chemical and pharmaceutical production, and surface engineering. Applications for
perfluorinated monolayers have been explored for two-dimensional surfaces and
ultrasmall (<3 nm diameter) nanoparticles, with general behavior being
superhydrophobic as expected. We have found that an intermediate range of surface
curvature produces a remarkable anomalous shift in wetting properties. Solubility in
fluorocarbon solvents is lost, and solubility is gained in some organic solvents. This shift
in solubility is rationalized as an effect of internal dipoles in the protecting fluorinated
monolayer: at relatively low surface curvatures, the dipoles align to generate a coherent
enhancement of wetting in polar organic solvents. The ability to dissolve perfluorinated
nanomaterials in organic solvents, and the role of surface curvature on dipole-driven
wetting effects have implications for numerous fields of research.

COLL 72

Structure and dynamics of single hydrophobic/ionic heteropolymers at the vapor-
liquid interface of water

Vasudevan Venkateshwaran, venkav2@rpi.edu, Srivathsan Vembanur, Shekhar
Garde.Howard P. Isermann Department of Chemical and Biological Engineering,
Rensselaer Polytechnic Institute, Troy, NY 12180, United States

Aqueous interfaces are ubiquitous in biological and nanoscopic systems and present an
ideal platform for assembly of conformationally flexible molecules. While hydrophobic



polymers collapse into globular conformations in bulk water, polymers that contain
ionic/charged groups in their sequence adopt specific folded conformations depending
on the position of the charged monomers in the sequence. Recent work has highlighted
that primitive water--mediated interactions between small hydrophobic solutes or
between oppositely charged ions can be significantly different near interfaces compared
to that in bulk water. We have employed extensive molecular dynamics simulations to
study the conformational stability, structure and dynamics of model polymer molecules
containing hydrophobic and ionic groups, at the water vapor--liquid interface. We show
that the different effects of the interfacial environment on hydrophobic and electrostatic
interactions leads to very different structure and dynamics of model polymer molecules
at the vapor--liquid interface compared to that in bulk water. We also show that under
certain circumstances, the conformational preferences of the polymer can be predicted
from our understanding of the effect of interfaces on the primitive interactions between
small solutes. Collectively, our results are useful in understanding the role of various
factors that influence structure, dynamics and assembly of complex biomolecules in the
interfacial environment.

COLL 73
Single polymers at surfaces: Adhesion and dynamics

Roland Netz, rnetz@physik.fu-berlin.de.Phyiscs Department, FU Berlin, Berlin,
Germany

Single-polymer behavior at surfaces combines the fields of non-equilibrium
thermodynamics, elasticity theory and hydrodynamics. Theoretical approaches thus rely
on molecular simulations, continuum modeling and scaling approaches.

This is demonstrated with a few combined experimental/theoretical examples:

- Spider silk consists of polypeptides with highly repetitive motives and readily adsorbs
on hydrophobic and hydrophilic surfaces. The dominant hydrophobic attraction can be
guantitatively explained with classical MD simulations including explicit water. Both
water structural effects and dispersion interactions contribute to this solvation attraction.

- On surfaces, the friction coefficient of bound peptides is very low on hydrophobic
substrates, which is traced back to the presence of a vacuum layer between substrate
and water, forming a lubricating cushion on which a polymer can glide. Conversely,
friction forces on hydrophilic substrates are large. A modified Amonton’s law is
introduced, which generally describes the dynamics of hydrogen-bonded matter on the
nano-scale.

- For peptides adsorbing at surfaces, the adsorption strength depends crucially on the
surface wetting properties. For hydrophilic surfaces, the interaction tends to be
repulsive, for hydrophobic surfaces, the interaction is attractive. The microscopic
mechanism behind this so-called Berg law is discussed.



COLL 74
Universal mechanism of molecular transport at the solid-liquid interface

Michael J Skaug, mike.skaug@gmail.com, Joshua N Mabry, Daniel K
Schwartz.Department of Chemical and Biological Engineering, University of Colorado
Boulder, Boulder, Colorado 80309, United States

The mobility of molecules on a solid surface plays a key role in diverse phenomena
such as friction and self-assembly and in surface-based technologies like
heterogeneous catalysis and molecular targeting. To understand and control these
surface processes, we need a universal model of surface transport at solid-liquid
interfaces. However, unlike diffusion at a solid-gas interface, little is known about the
mechanisms of diffusion at a solid-liquid interface. Using single-molecule tracking at a
solid-liquid interface, we found that a diverse set of molecules, including polymers and
proteins, underwent intermittent random walks with non-Gaussian displacements. This
contrasts with the normal random walk and Gaussian statistics that are commonly
assumed for molecular surface diffusion and has important implications for molecular
targeting and molecule motion near surfaces. Our findings suggest that intermittent
hopping is universal to molecular surface diffusion.
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Modulating the mobility of surface-rolling molecules via substrate and wheels

Lin-Yung Wang?, linyungw@rice.edu, Saumyakanti Khatua®, Pin-Lei E Chu', Jazmin

Godoy’, Anatoly B Kolomeisky', James M Tour", Stephan Link*?.A (1) Department of
Chemistry, Rice University, Houston, Texas 77005, United StatesA (2) Department of
Electrical and Computer Engineering, Rice University, Houston, Texas 77005, United

States

The single-molecule imaging of inherently fluorescent nanocars on three substrates,
(plasma cleaned, reactive ion etched, and amine-functionalized glass) and nanocars
equipped with either p-carborane-wheeled or adamantane wheels are reported. The



nanocars were imaged using 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) as
the chromophore, which was rigidly incorporated into the nanocar chassis via
Sonogashira cross-coupling chemistry that permitted the synthesis of nanocars having
different geometries. Using single-molecule fluorescence imaging, the percentage of
moving nanocars and their diffusion constants were determined for each substrate. We
found that the nanocar mobility decreased with increasing surface roughness and
increasing surface interaction strength. The mobility of four- and three-wheeled
nanocars with adamantane wheels was also compared. It was found that, for the four-
wheeled nanocar, the percentage of moving nanocars and the diffusion constant show
a significant improvement over p-carborane-wheeled nanocars with the same chassis.
The three-wheeled nanocar showed only limited mobility due to its geometry. These
results are consistent with a wheel-like rolling motion. We furthermore developed a
model that relates the percentage of moving nanocars in single-molecule experiments
with the diffusion constant. The excellent agreement between the model and the single-
molecule studies yields a detailed understanding of motion in these molecular
machines.

COLL 76
Developing scanning probe techniques for the analysis of biomolecules

Miles A Silverman'?, miles.silverman@gmail.com, Shelley A Claridge®, John C
Thomas'?, Travis Meyer®, Joseph Woodworth®, Konstantin Dragomiretskiy®, Stanley
Osher®, Andrea L Bertozzi®, Paul S Weiss'?.A (1) Department of Chemistry and
Biochemistry, University of California, Los Angeles, Los Angeles, California 90024,
United StatesA (2) California NanoSystems Institute, University of California, Los
Angeles, Los Angeles, California 90024, United StatesA (3) Department of
Mathematics, University of California, Los Angeles, Los Angeles, California 90024,
United StatesA (4) Department of Chemistry, Purdue University, West Lafayette,
Indiana 47907, United States

Single-molecule measurements of complex biological structures such as proteins are an
attractive route for determining structures of the large number of important biomolecules
that have proved refractory to analysis through standard techniques such as X-ray
crystallography and nuclear magnetic resonance. We use a custom-built low-current
scanning tunneling microscope to image peptide structure at the single-molecule scale.
In a model peptide that forms B sheets, a structural motif common in protein misfolding
diseases, we successfully differentiate between histidine and alanine amino acid
residues, and further differentiate side chain orientations in individual histidine residues,
by correlating features in STM images with those in energy-optimized models. We are
developing the techniques to determine structures locally and understand important
chemical details of biomolecules at the single-molecule level, therefore providing key
insight and probing effects between single peptide structures.
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Single polymer adhesion and friction at the liquid-solid interface

Thorsten Hugel, thugel@mytum.de.Department of Physics, Technical University
Munich, Garching, Germany

Polymer-solid contacts play an important role in (bio)technology, but a fundamental
understanding of their interface is still missing. We developed an AFM-based method to
probe single polymer adhesion [1] and friction [2] at the liquid-solid interface.

| will first summarize our results on how the hydrophobic attraction and Hofmeister
effects determine single polymer adhesion and structure formation at solid substrates.
Then | will explain how a combination of AFM-base constant-pulling-velocity and
waiting-time experiments yields the polymer contour length and monomeric desorption
rate for single polymers. Finally | will elucidate how single polymer friction is affected by
solvent and solid substrate properties. Our results necessitate a new friction
mechanism, which we term desorption stick, that is independent of normal force,
polymer length and velocity.

[1] Geisler et al., Langmuir (2008)

[2] Balzer et al., Angew. Chem. Int. Ed. (2013)
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Probing chiral pockets around a single molecule on a surface: STM experiments
and DFT simulations

Peter H McBreen?, peter.mcbreen@chm.ulaval.ca, Guillaume Goubert®, Yi Dong?,
Michael Groves?, Anton M. H. Rasmussen?, Bjgrk Hammer®.A (1) Department of
Chemistry, Laval University, QuUA©bec, Qc G1V 0A6, CanadaA (2) Interdisciplinary



Nanoscience Center (iNano) and Department of Physics and Astronomy, Aarhus
University, Aarhus, Denmark

Scanning tunneling microscopy and DFT methods were used to study individual
prochiral and chiral molecules on Pt(111) in order to better understand chirality transfer
reactions on catalyst surfaces (1). The chiral molecules studied were (R)-(+)-1-(1-
naphthyl)ethylamine, (R)-NEA, and simple derivatives. The conformation dependent
molecular motion of individual (R)-NEA adsorbates was studied. A number of prochiral
substrates were used to probe several chiral pockets around single (R)-NEA
adsorbates, determining in each case the prochiral ratio of the substrate in the chiral
pocket. Stereodirecting interactions at individual chiral pockets were determined.
Diffusion pathways to form bimolecular chiral molecule/prochiral surbstrate complexes
were computed.

(1) Demers-Carpentier, V.; Rasmussen, A. M. H.; Goubert, G.; Ferrighi, L.; Dong, Y.;
Lemay, J.-C.; Masini, F.; Zeng, Y.; Hammer, B.; McBreen, P. H. J. Am. Chem. Soc.
2013, 135, 9999-10002.
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Design of a multidentate oligomeric platform for biocompatible magnetic,
metallic, and semiconductor nanocrystals

Hedi Mattoussi, mattoussi@chem.fsu.edu, Wentao Wang, Xin Ji, Goutam
Palui.Department of Chemistry and Biochemistry, Florida State University, Tallahassee,
FLorida 32306, United States

We have developed a versatile surface-functionalization strategy that is applicable to
metal and metal oxide nanoparticles (e.g., quantum dots and Fe3z0O,). This strategy
involves the design and optimization of a set of multidentate oligomers prepared using a
one-step reaction of a short polymer backbone with lateral poly(ethylene glycol), PEG,
chains and selective anchoring moieties. While biocompatibility is promoted by the
introduction of functionalized-PEG moieties, coordination onto the metal-rich
nanocrystals depends on the particular system in question. For instance, catechol
groups allow strong ligand affinity to iron oxide NPs. When substituted with lipoic acid
and/or imidazole the resulting ligands are ideally suitable for ligating QDs and AuNPs.
Ligand exchange with these oligomers is remarkably efficient. The resulting NPs
preserve their homogenous size and distribution, exhibit high colloidal stability over a
broad range of conditions, and present a controllable number of functional groups,
making them compatible with common bio-orthogonal chemistries.

COLL 81

Improving biocompatibility of carbon and post-carbon nanomaterials via
dispersion chemistry



Mark C Hersam, m-hersam@northwestern.edu.Department of Materials Science and
Engineering, Northwestern University, Evanston, IL 60208-3108, United States

Carbon nanomaterials (e.g., carbon nanotubes and graphene) hold promise for
biomedical applications due to their ability to be functionalized with nucleic acids,
proteins, and polymers, in addition to their strong optical absorption at near-infrared
wavelengths that are well-aligned with the transmission window for biological tissue.
However, due to their strong hydrophobicity, these nanomaterials have limited stability
in aqueous solution, leading to aggregation and corresponding deleterious effects in
vitro and in vivo. To overcome these issues, we have employed amphiphilic
biocompatible block copolymers (e.g., Pluronics and Tetronics) as dispersants for
single-walled carbon nanotubes, multi-walled carbon nanotubes, and graphene,
resulting in substantial reduction in toxicity, particularly for pulmonary in vivo assays. In
addition to delineating the details of the dispersion chemistry for carbon nanomaterials,
this talk will also present preliminary results on extending this approach to post-
graphene two-dimensional layered nanomaterials such as molybdenum disulfide and
related transition metal dichalcogenides.

COLL 82

Metallic nanoparticles anchored on nanotubes: Functional and biocompatible
materials and nanomedicine devices

Mauricio Terrones, mutll@psu.edu.Department of Physics, Department of Chemistry,
Department of Materials Science and Engineering and Center for 2D Layered Materials,
The Pennsylvania State University, University Park, Pennsylvania 16802, United
StatesResearch Center for Exotic Nanocarbons (JST), Shinshu University, Nagano,
Japan

By doping carbon nanotubes it is possible to alter significantly the electronic,
mechanical and chemical properties of the tubes. In this context, it will be demonstrated
that Ag, ZnO, Au and TiO», particles could be easily anchored on the surface of N-
doped nanotubes using various wet chemical approaches. The bio-applications of CNy
nanotubes will also be described in detail. In particular, comparative toxicological
studies of CNx MWNTs and pure carbon multi-walled nanotubes (MWNTS) on mice and
using amoeba cells reveal that CN, tubes appear to be far less harmful. Interestingly,
pure MWNTSs appeared to be lethal at all doses tested for intratracheal instilation,
whereas CNyx MWNTs were not. Cellular assays using Ag-CNx MWNT systems also
revealed marginal toxicity after 24h, and full cellular recovery was observed at 48h
based on an MTS assay. Therefore, Ag-nanotube systems appear to be very different
from isolated dispersed Ag-NPs. Finally, it will be demonstrated that microfluidic devices
constructed using arrays of carbon nanotubes could be successfully used to separate
plasma from blood and also as an efficient biomarker separation tool.

COLL 83



Carbon nanotubes are ideal substrates for neuronal growth

Maurizio Prato, prato@units.it.Department of Chemical and Pharmaceutical Sciences,
University of Trieste, Trieste, Italy

Among the wide range of novel nanometer scale structures available, single-wall carbon
nanotubes (SWNT) and multi-wall carbon nanotubes (MWNT) stand as unique materials
for fundamental research and potential applications. However, manipulation and
processing of carbon nanotubes (CNTs) has been difficult because of their intractability
and insolubility in most common solvents. Considerable effort has therefore been
devoted to the chemical modification of CNTs, which might open the way to many useful
applications.

Our group has been involved in the organic functionalization of various types of
nanocarbons, including carbon nanotubes, fullerenes and, more recently, graphene.
The organic functionalization offers the great advantage of producing soluble and easy-
to-handle CNTs. As a consequence, since biocompatibility of CNT is expected to
improve, many functionalized carbon nanotubes may find useful applications in the field
of nanomedicine.

Carbon nanotubes can act as active substrates for neuronal growth, a field that has
given so far very exciting results. Nanotubes are compatible with neurons, but
especially they play a very interesting role in interneuron communication. Improved
synaptic plasticity is just one example.



During this talk, we will illustrate the latest advances in our laboratory of the most
exciting results in these fast developing fields.

This research was financed by the ERC Grant Carbonanobridge.
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Few-layer graphene from ball-milling of graphite with triazine derivatives:
Applications

Ester Vazquez, ester.vazquez@uclm.es.Department of Organic Chemistry,
Universidad de Castilla- La Mancha, Ciudad Real, Ciudad Real 13001, Spain

Graphene is considered the ultimate material for applications in many fields, from
electronics to composites and biosensors. Biological studies on graphene and graphene
oxide are also currently underway in many laboratories for two main aims: (i) the
exploitation of the graphene properties in biological applications; (ii) the assessment of
the potential toxicity of graphene layers.

Graphene is usually prepared by the renowned scotch tape technique or by CVD
processes. As such, graphene cannot be dispersed in water of biological media, owing
to its complete insolubility. Novel ways to prepare dispersible graphene in water are



very much needed. Ball milling of graphite in the presence of melamine has been found
in our labs to be a method of choice to exfoliate graphite and generate dispersions of
graphene in many solvents, including water.

During this talk, we will discuss (i) optimized ways to generate graphene in solvents
using ball milling; (ii) the use of graphene in polymer composites for drug delivery
purposes; (iii) studies of interaction of so-prepared solutions with cells.

COLL 85

Improved drug delivery efficacy with nanoscale biomaterials—based structures as
carriers

Xing-Jie Liang, liangxj@nanoctr.cn.CAS Key Laboratory for Bioeffects of
Nanomaterials and Nanosafety, National Center for Nanoscience and Technology of
China, Zhongguancun, Beijing 100190, China

Recent advances in nanotechnology have provided novel strategies to innovate drugs
for pharmaceutical development and clinical applications. Bionanotechnology is to
utilize the developed technologies and/or materials smaller than 100 nanometers in one
dimension and takes advantages of properties that are only presented at this nano
level. Nanoscale materials, with their unique size-dependent physical and chemical
properties, have showed promising advantages in biological research fields such as
intercellular targeted drug delivery, vehicles controlled release of payload, precisely
silence of targeted genes, and so on. However, to develop efficient nanomaterials with
these promising progresses, the high penetration of plasma membrane and low in vivo
toxicology of engineered nanomaterials as drug carriers exist as a potential barrier and
has caught much attention. Therefore, Designing nanomaterials for effectively expected
effects without significant toxicity has become an important issue for clinical and
pharmaceutical application of novel nanobiomaterials. It is critical to screen and identify
novel nanomaterials with an exclusive biological function in vitro and in vivo. Recently,
innovative materials assembled at nanosize have been developed with negligible
cytotoxicity in tissue culture and without detectable side effects in vivo. The unique
properties of nanostructures at pharmaceuticals still needs further study by support of
scientist with cellular, molecular, materials, biochemical and pharmaceutical
background. The developed nanotechnology may inspire researchers to innovate a new
generation of nanoscale materials with inventive non-traditional approach to treat
various of diseases. The development of nanoscale biomaterials-based structures will
allow for more precise efficiently targeted delivery, extended in vivo retention and
controllable release behaviors at different levels.

COLL 86

Carbon nanotubes-liposomes conjugate as a platform for drug delivery into cells



Oren Regevl,A oregev@bgu.ac.il, Sivan Perez!, Yechezkel Barenholz?, Faina
Karchemskil.@ (1) Department of Chemical Engineering, Ben-Gurion University, Beer-
Sheva, IsraelA (2) Department of Biochemistry, The Hebrew University, Jerusalem,
Israel

Carbon nanotubes (CNT) are widely explored as carriers for drug delivery due to their
facile transport through cellular membranes. However, the amount of loaded drug on a
CNT is rather small. Liposomes, on the other hand, are employed as a carrier of a large
amount of drug. The aim of this study is to develop a new drug delivery system,inwhich
drug-loaded liposomes are covalently attached to CNT to form a CNT-liposomes
conjugate (CLC). The advantage of this novel approach is the large amount of drug that
can be delivered into cells by the CLC system,

thus preventing potential adverse systemic effects of CNT when administered at high
doses. This system is expected to provide versatile and controlled means for enhanced
delivery of one ormore agents stably associated with the liposomes.

COLL 87

Cell penetration and dynamics of oligopeptide-modified phospholipid polymer
nanoparticles embedding quantum dots

Kazuhiko Ishihara, ishihara@mpc.t.u-tokyo.ac.jp, Yuuki Inoue, Yuriko
Tsukamoto.Department of Materials Engineering, The University of Tokyo, Hongo
Bunkyo-ku, Tokyo 113-8656, Japan

To obtain a stable and highly sensitive bioimaging fluorescence probe, polymer
nanoparticles with embedded quantum dots (QDs) were prepared and the surface was
covered with phospholipid polymer. The QDs are promising alternative to organic dyes
for bioimaging. However, their use has been strongly limited by difficulties in obtaining
biocompatibility of QDs. QDs were embedding in the polylactic acid (PLA) nanopatrticles
and the surface was covered with biocompatible 2-methacryloyloxyethyl
phosphorylcholine (MPC)-based polymer (PMBN). The octaglycine(G8) immobilized-
PMBN/polylactic acid (PLA) nanoparticles embedding QDs showed resistance to
cellular uptake from HelLa cells owing to the nature of the phosphorylcholine groups in
the MPC units. On the other hand, when an octaarginine (R8), which was one of the cell
penetrating peptide, was immobilized at the surface of the nanoparticles, they could
penetrate the membrane of HelLa cells effectively. Cytotoxicty of the PMBN/PLA/QD
nanoparticles was not observed even after immobilization of R8. We examined the role
of R8 by changing the ratio of R8/G8, more than 0.80 of this ratio was necessary to
internalization to cells. Fluorescence intensity of the nanoparticles was not bleached
during 30 h observation continuously. During proliferation of cells having the R8-
PMBN/PLA/QD nanoparticles, the nanopatrticles distributed to daughter and grand
daughter cells (Fig 1). Thus, we obtained stable fluorescent polymer nanoparticles for
excellent bioimaging probe.



COLL 88

Using supramolecular nanobeacons to probe cellular uptake efficiency and
enzymatic activities

Lye Lin Lock, llock4@jhu.edu, Claudia Reyes, Honggang Cui.Department of Chemical
and Biomolecular Engineering, Johns Hopkins University, Baltimore, Maryland 21093,
United States

Shape and surface chemistry are important factors to regulate nanoparticle's cellular
entry pathways. In this lecture, we report our recent effort of using nanobeacons to
probe the shape and surface chemistry effect on the internalization efficiency of
nanoparticles by cancer cells. We designed a series of self-assembling molecular
beacons that can form either spherical or filamentous nanostructures depending on their
self-assembly conditions. The surface chemistry of these supramolecular nanobeacons
can be readily tuned through the incorporation of different C-terminal amino acids (for
example, lysine gives a positively charged surface while glutamic acid gives a
negatively charged surface). The beacons reported herein were designed to be
specifically responsive to an enzyme located within the lysosomes. Only after specific
cleavage by the targeted enzyme within the cells, the beacon molecule will start to
fluoresce, giving a detectable optical signal. Our results show that spherical
nanobeacons with a positively charged surface has the highest efficiency for cellular
uptake, while filamentous nanostructures regardless of their charge status can hardly
get into cells.

COLL 89



Cationic oligo-p-phenylene ethynylenes form complexes with surfactants for
long-term light-activated biocidal applications

Eric H. Hill*?, hille@unm.edu, Harry C. Pappas, Deborah G. Evans?, David G.
Whitten®.A (1) Center for Biomedical Engineering, University of New Mexico,
Albuquerque, New Mexico 87131, United StatesA (2) Nanoscience and Microsystems
Engineering program and Department of Chemistry and Chemical Biology, University of
New Mexico, Albuquerque, New Mexico 87131, United States
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Cationic Oligo-p-Phenylene Ethynylenes are highly effective light-activated biocides that
deal broad-spectrum damage to a variety of pathogens, including bacteria. A potential
problem arising in the long-term usage of these compounds is photochemical
breakdown, which nullifies their biocidal activity. Recent work has shown that these
molecules complex with oppositely-charged surfactants, and that the resulting
complexes are protected from photodegradation. In this manuscript, we determine the
biocidal activity of an oligomer and a complex formed between it and sodium dodecyl
sulfate. The complexes are able to withstand prolonged periods of irradiation, continuing
to effectively kill both Gram-negative and Gram-positive bacteria, while the oligomer by
itself loses its biocidal effectiveness quickly in the presence of light. In addition, damage
and stress responses induced by these biocides in both E. Coli and S. Aureus are
discussed. This work shows that complexation with surfactants is a viable method for
long-term light-activated biocidal applications.

COLL 90

Amino acids on metals: Chiral assembly and dynamic restructuring of copper
surface

Erin V. Iski, erin-iski@utulsa.edu.Department of Chemistry and Biochemistry,
University of Tulsa, Tulsa, OK 74104, United States

The 2D-scale study of relevant biomolecules, like amino acids, is pertinent for a variety
of applications from the origin of biological homochirality and the amplification of surface



chirality to the examination of noncovalent supramolecular interactions. The need for
pristine molecular resolution of these systems requires the use of ultra-high vacuum
scanning tunneling microscopy (UHV STM) in the initial characterization of the systems.
Importantly, it is also possible to study the assembly of these molecules with liquid or in
situ STM in an attempt to bridge the temperature and pressure gap of ultra-high vacuum
studies. In this way, these amino acid systems can be studied at more relevant
conditions, and solvent choices can be made to mimic biological environments. Through
the examination of the self-assembly behavior of five amino acid molecules on a
Cu(111) single crystal in UHV, an unexpected phenomenon was discovered. All of the
amino acids assisted in the immobilization of copper atoms on the surface. The
energetic landscape of the surface as mediated by temperature and molecular coverage
facilitated the growth of copper islands and clusters. The growth and size fluctuation of
the islands offered an interesting snapshot of metal nanocluster diffusion that often
occurs at time scales beyond the resolution of a given surface science technique. The
presence of ~1 ML of molecules on the surface effectively trapped the metal atoms into
localized islands. Elevated temperature were used to promote further diffusion,
coalescence, and extinction of the islands. In conclusion, while these systems provide
insights into the chiral assembly of amino acids as studied in both UHV and in liquid,
they also provide a unique glimpse into metal surface diffusion and offer the ability to
study the mass transport of metal atoms, which is important for the understanding of
thin film growth and its morphological evolution.

COLL 91
Kinetic effects in the self-assembly of organic molecules on solid surfaces

Roberto Otero, roberto.otero@uam.es.Dept. de FAsica de la Materia Condensada,
Universidad AutA3noma de Madrid, Madrid, Madrid 28049, Spaininstituto MadrileA+o de
Estudios Avanzados en Nanociencia IMDEA-Nano, Madrid, Madrid 28049, Spain

The self-assembly or organic species on metallic surfaces has being the subject of
many recent works, due to the large field of applicability of the nanostructured systems
obtained by this method. In most of the publications, the observed self-assembled
structures are explained only as the result of a subtle balance between intermolecular
and molecule-substrate interactions, with total disregard of possible kinetic effects
during growth. This is usually so because the energies involved (diffusion barrier,
intermolecular interaction, molecule-substrate interaction) are usually small, so that the
system has the time to explore a large volume of the configuration space to find the
minimum energy arrangement. For growth processes in which slower dynamical
processes are involved kinetic effects must certainly become more important.

In this contribution we describe two dynamical processes which take place during the
formation of self-assembled monolayers, and are slow enough to be followed by STM at
relatively moderated temperatures. One of them involves the diffusion of vacancies in
organic self-assembled monolayers, whose collective character ensures a relatively low
rate. The other one is the phase-transition between two ordered phases of the organic



acceptor DCNQI deposited on Cu(100), which turns out to be associated to the
isomerization reaction of the adsorbate at sufficiently high temperature conditions.

COLL 92

Self-assembled quasicrystalline monolayers

S. Alex Kandel, skandel@nd.edu.Department of Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, IN 46556, United States

The process of molecular self-assembly relies on intermolecular interactions to create
and maintain long-range order. In nearly all cases, the order created is crystalline. Here
we report on the formation of a surface monolayer that has orientational order and local
five-fold symmetry, but lacks translational periodicity; this is a two-dimensional
quasicrystal, the first to result from small-molecule self-assembly. In this system,
guasicrystallinity begins with the formation of hydrogen-bonded cyclic pentamers that.
Pairwise interactions between pentamers is mediated by weaker CH-1T bonds, and
growth and annealing processes are then responsible for aperiodicity. These
mechnisms are confirmed in a series of control experiments, and are further elucidated
by comparison to density functional theory calculations. Monolayer structures are
characterized using scanning tunneling microscopy at low temperature and in ultra-high
vacuum.

COLL 93

New dimensions in patterning: Placement and metrology of chemical
functionality at all scales

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

We place single molecules and larger groups into precisely controlled environments on
surfaces. Monolayer matrices and inserted molecules and sub-assemblies can be



designed so as to interact directly, to give stability or other properties to supramolecular
assemblies. New families of molecules are being developed to yield even greater
control and are enabling determination of the key design parameters of both the
molecules and assemblies. This, in turn, is enabling hierarchically controlled chemical
patterning and selective functionalization from the sub-nanometer to the centimeter
scales. We are simultaneously developing a suite of metrology tools for these methods
to give unprecedented information on the structures and properties of these assemblies.

COLL 94
Temperature dependence and desorption kinetics of metal porphyrins on Au(111)

K W Hipps, hipps@wsu.edu, Ursula Mazur, Ashish Bhattarai, Bhaskar
Chilukuri.Department of Chemistry, Washington State University, Pullman, WA 99164-
4630, United States

The energetics and kinetics associated with metal porphyrin adsorption on conducting
surfaces from solution are of great potential importance to the formation of self
assembled structures for electronic and optical applications. In this study variable
temperature solid-solution interfacial scanning tunneling microscopy (STM) imaging is
used to probe the self assembly of porphyrin adlayers. We demonstrate that the
adsorption of cobalt octaethylporphyrin (CoOEP) and NiOEP from phenyloctane onto
Au(111) are kinetically controlled and essentially irreversible below about 100°C. Above
100°C slow desorption and re-adsorption processes allow for exchange of CoOEP and
NIOEP species on the surface. Temperature and relative concentration studies provide
values for the relative free energies and enthalpies of activation for the desorption
process. Experimental results are compared to DFT calculated values of adsorption
energy.

COLL 95
Thermal and quantum tunneling driven molecular self-assembly on surfaces

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

Atomic and molecular self-assembly are important phenomena that underpin many
technologies. Typically, thermally enabled diffusion allows a system to sample many
areas of configurational space, and ordered assemblies evolve that optimize
interactions between species. | will first describe a system in which the diffusion is
guantum tunneling in nature and report the self-assembly of H atoms on a Cu(111)
surface into complex arrays based on local clustering followed by larger scale islanding
of these clusters. We contrast the diffusion and assembly of H with D, which has a
much slower tunneling rate and is not able to form the large islands observed with H
over equivalent time scales. This system constitutes the first example of quantum-



tunneling-enabled self-assembly, while simultaneously demonstrating the complex
ordering of H on Cu(111), a catalytically relevant surface.

In more applied work | will describe the assembly of thioethers, phosphines and
selenoethers on metal surfaces. The literature contains a wealth of data about thiol-
based monolayers; however, relatively little is known about the self-assembly of
molecules with different head groups. By adjusting the molecule-surface interaction and
using different head group elements, a vast array of new systems with novel properties
may be formed. We demonstrate that the simple hard/soft rules of inorganic chemistry
can be used to rationalize the observed trend of molecular interaction strengths with a
soft gold surface, i.e., P > Se > S. The structure of the monolayers can be explained by
the geometry of the molecules in terms of dipolar, quadrupolar or van der Waals
interactions between neighboring species driving the assembly of distinct ordered
arrays. As these studies directly compare one element with another in simple systems,
they serve as a guide for the design of self-assembled monolayers with novel structures
and properties.

COLL 96
Controlling porphyrin nanoarchitectures at solid interfaces

Jonathan P Hill!, Jonathan.Hill@nims.go.jp, Yongshu Xie?, Misaho Akada!, Yutaka
Wakayama®, Qungmin Ji!, Katsuhiko Ariga®.A (1) WPI Centre for Materials
Nanoarchitectonics, National Institute for Materials Science, Tsukuba, Ibaraki 305-0044,
JapanA (2) Key Laboratory for Advanced Materials, East China University of Science
and Technology, Shanghai, China

Supramolecular arrangement of porphyrins and other molecules has great potential in
the fields of molecular information storage and sensing due to their ease of deposition
and good chemical and thermal stabilities. In particular, porphyrins of relatively large
molecular weights can be applied in thermal deposition while tetrapyrrole molecules
have had an extensive synthetic chemistry developed, which enables synthesis of
complex derivatives. In this work, we present complementary examples of porphyrin
nanoarchitectonics. Fabrication of binary molecular monolayers using two different
porphyrin molecules tetrakis(3,5-di-t-butyl-4-hydroxyphenyl)porphyrin and tetrakis(4-
pyridyl)porphyrin by deposition in ultrahigh vacuum is demonstrated. This leads to two
unusual heteromolecular monolayer structures were observed with one exhibiting good
separation of molecules within the monolayer. Also, a synthetic nanoarchitectonic
approach was used to prepare self-assembled molecular nanowires at a mica substrate.
The nanowires could be observed growing using atomic force microscopy (AFM) and
the network structures of the nanowires can be influenced by manipulation using the
AFM probe tip. Formation of molecular monolayers with chromophores positioned
remote from the substrate surface will also be discussed.



Figure 1 . (Left) Inhomogeneous molecular monolayer of meso-tetrakis(4-
pyridyl)porphyrin. (Centre) Self-assembled nanowires of amphiphilic porphyrin trimer.
(Right) Model of the structure of the nanowires.

COLL 97
Bonding at the metal-organic interface

Eva Zurek', ezurek@buffalo.edu, James Hooper™?, Scott Simpson*.A (1) Department
of Chemistry, University at Buffalo, State University of New York, Buffalo, NY 14260-
3000, United StatesA (2) Department of Theoretical Chemistry, Jagiellonian University,
Krakow, Poland

We have carried out van der Waals first-principles calculations in order to systematically
study the perturbations of the electronic structure of various organic molecules
physisorbed or weakly chemisorbed to the coinage metal surfaces copper, silver and
gold. The molecules considered include: benzene, substituted benzenes, 4-
fluorostyrene, tetraphenyl porphyrin, a quinonoid zwitterion, croconic acid and
rhodizonic acid. We have employed a frontier orbital perspective to analyze the bonding
between the substrate and the adsorbate, studied the charge redistribution at the
organic-metal interface, and analyzed how this affects the self-assembly.

Our theoretical studies have helped to explain the experimental observations of STM
(scanning tunneling microscopy) groups by showing that: tetraphenyl-porphyrin forms
attractive networks on the Ag(111) surface and repulsive ones on Cu(111) because of
the larger amount of charge transfer to Cu(111); the 10 D permanent dipole of a
qguinonoid zwitterion changes substantially upon adsorption to the coinage metal
surfaces Cu(111), Ag(111) and Au(111) as a result of donation of charge from the
molecular HOMO to the surface and back donation to the LUMO; the charge transfer
which occurs between the zwitterion and Au(111) has been studied as a function of
surface coverage; 4-fluorostyrene molecules form clusters of “magic” sizes that depend
on the metal surface and can be understood in terms of a balance between attractive H-
bonding and van der Waals interactions as well as Coulomb repulsion between the
molecules; the topological organic ferroelectric molecule croconic acid forms chiral
honeycomb networks on the Ag(111) surface, and spontaneous electric polarization
within the 2D-sheets as well as concerted proton transfer to switch the polarization is



possible. Moreover, our calculations have illustrated that classic activating groups
generally increase and prototypical deactivating groups decrease the amount and
direction of charge transferred from a tri-substituted benzene derivative to the Cu(111)
surface.

COLL 98

Switchable static and dynamic self-assembly of magnetic droplets on
superhydrophobic surfaces

Jaakko V.I. Timonen', Mika Latikka®, Ludwik Leibler?, Robin H.A. Ras®, Olli Ikkala',
Olli.Ikkala@aalto.fi.A (1) Department of Applied Physics, Aalto University (formerly
Helsinki University of Technology), Espoo, FinlandA (2) MatiAre Molle et Chimie,
Ecole SupA®rieure de Physique et Chimie Industrielles, Paris, France

Self-assembly is a process in which interacting bodies are autonomously driven into
ordered structures. Static structures such as crystals often form through simple energy
minimization, while dynamic ones involve continuous energy supply and dissipation.
Dynamic systems are ubiquitous in nature and biology, but have been proven to be
challenging to understand and engineer. Here we bridge the gap from static to dynamic
self-assembly by introducing a model system based on ferrofluid droplets on
superhydrophobic surfaces (Timonen et al, Science, 2013, 341, 253-257). The droplets
self-assemble under a static external magnetic field into simple patterns that can be
switched to complicated dynamic dissipative structures by applying a time-varying
magnetic field. The transition between the static and dynamic patterns involves kinetic
trapping and shows complexity that can be directly visualized.

COLL 99

Reversible adsorption of nanoparticles at the oil-water interface by controlling
particle-particle interactions

Xiaoging Hua, Mingxiang Luo, Michael A Bevan, Joelle Frechette,
jfrechette@jhu.edu.Department of Chemical and Biomolecular Engineering, Johns
Hopkins University, Baltimore, MD 21210, United States

The driving force for the adsorption of nanoparticles (< 5nm) at the oil-water interface
can be small and is particularly sensitive to wetting properties of the particles at the fluid
interface. We will discuss the reversible interfacial assembly of 5 nm diameter gold
nanoparticles functionalized with stoichiometric ion-pairs.[1] Using titration, and
microscopy we demonstrate that the mechanism for particle desorption from the
interface is the electrostatic repulsion between the nanoparticles. By controlling
electrostatic repulsion we can control both the extent of adsorption at the interface and
the separation between particles within the interfacial film. We also show that under
some condition spontaneous emulsification is possible. Finally, we will also present a



thermodynamic model to predict the surface coverage of nanoparticles at the oil-water
interface.

[1] M. Luo, G. Olivier, and J. Frechette, “Electrostatic interactions to modulate the
reflective assembly of nanopatrticles at the oil-water interface “, Soft Matter, 8, 11923-
11932, 2012.

COLL 100

Programmed micro-bubble constructions within patterned silk film for
encapsulation

Chunhong Ye, chunhong.ye@mse.gatech.edu, Dhaval D. Kulkarni, Vladimir V.
Tsukruk.Department of Materials Science and Engineering, Georgia Institute of
Technology, Atlanta, GA 30332, United States

We demonstrated a novel method to fabricate individually addressable “micro-bubble”
constructions by confining dissolution of a polystyrene prelayer in the polystyrene-silk
fibroin multilayer thin film which was patterned to specific shape and dimension by
photolithography. Raman spectra revealed that the polystyrene only presented in the
self-formed “micro-bubble” region, indicating the successfully “self-encapsulation”
property of the “micro-bubble” structures. The count and shape of “micro-bubbles” on
each silk fibroin pattern can be well controlled by the pattern thickness and geometry.
Furthermore, The silk fibroin pattern with “micro-bubble” constructions also indicated the
capability for “self-encapsulation” for various materials, such as hydrophobic and
hydrophilic polymers, nanopatrticles, which provided a novel method for the application
in the field of solid-state delivery system, drug delivery and bioengineering.

COLL 101

Dip-coating deposition on chemically patterned surfaces: A mechanistic analysis
and comparison with topographically patterned surfaces

Yan Wang, yanw@mail.pse.umass.edu, Thomas J McCarthy.Department of Polymer
Science and Engineering, University of Massachusetts, Amherst, Amherst, MA 01003,
United States

There is a significant literature that describes the deposition of
particles/crystals/substances by dip-coating deposition to form arrays on chemically
patterned surfaces. A chemically patterned surface containing hydrophilic features on a
hydrophobic background is withdrawn from a solution (or dispersion) of the desired
substance. The solution dewets from the hydrophobic background, yet pins on the
hydrophilic features. Selective deposition occurs after solvent evaporation. An
apparently similar approach, recently described by several groups, involves dip-coating
deposition of substances from solutions onto hydrophobic topographic features (arrays
of posts on superhydrophobic surfaces) that are separated by air. These two



approaches, however, differ remarkably upon analysis of the events at receding 3-
phase contact lines. Tensile capillary bridge failure occurs with the post-containing
superhydrophobic surfaces and sessile capillary bridge failure occurs with chemically
patterned surfaces. The solvent evaporation stage, that occurs after the capillary bridge
failures, varies in the two approaches as well. They depend on the receding contact
angles of the hydrophobic post tops and the hydrophilic chemically patterned features.
Controlling the evaporation rate (adjusting the vaporization/condensation equilibrium) by
raising the partial pressure of the solvent is identified as a key factor for chemically
patterned surfaces.

COLL 102
Biomolecule-mediated droplet fusion for biosensing

Praveena Mohan, Andrew P. Goodwin, andrew.goodwin@colorado.edu.Department of
Chemical and Biological Engineering, University of Colorado, Boulder, Boulder,
Colorado 80303, United States

In this talk, we will present our efforts in designing biomimetic, chemically-responsive
nanoemulsions that can respond to the presence of specific biomolecules to generate
detectable signals rapidly and without washing steps. Detection of specific biomolecules
is of tremendous importance for improving patient health, identifying infectious disease
transmission patterns, and many other health-related goals. Screenings are most
effective when performed on large populations with wide dissemination to local clinics or
point-of-care operation. While ELISA is the gold standard of biomarker detection and
guantification, its high cost, lengthy operation times, and reagent instability hinder its
widespread utilization, and thus many who would benefit from regular screening cannot
because of difficulties in affording the procedure or traveling to a test site. To address
this, we have created nanoemulsions with mimics of SNARE complexes on their
surface. Under normal conditions the emulsions are stable to environmental conditions
and nonspecific coalescence, but when two emulsions with matching complexes
interact, they fuse together, mixing their contents. The ability of these nanoemulsions to
fuse together can in turn be mediated through noncovalent interaction with sensing
analytes such as thrombin. We will present in this talk our work in creating these
nanoemulsions and advancing their chemical and physical properties towards
biosensing.

COLL 103

Evaporation-induced shape changes in femtoliter-volume microscale droplet
interface bilayers

Pat Collier, colliercp@ornl.gov, Jonathan Boreyko.Center for Nanophase Materials
Sciences, Oak Ridge National Laboratory, Oak Ridge, TN 37830, United States



Droplet interface bilayers (DIBs) are a powerful platform for studying the dynamics of
synthetic cellular membranes; however, little has been done to elucidate the unique
dynamical behaviors of DIBs. Here, we generate femtoliter-volume, microscale droplet
interface bilayers (uDIBs) in microfluidic devices using both lipid-in and lipid-out
methods to characterize the dynamic morphology of lipid interfaces during evaporation.
We identify how the transfer of lipid molecules to and from interfaces depends upon the
initial locations of lipid agglomerates in the system, causing uDIBs to exhibit three
distinct behaviors: (i) bilayer buckling and vesicle fission when the concentration of lipid
agglomerates in the system is negligible, (ii) unzipping when lipid agglomerates are
outside of the droplets in the oil, and (iii) shrinking when lipid agglomerates are inside
the droplets. These findings offer a better understanding of the dynamics of lipid transfer
between interfaces.

COLL 104

Mineral oil nanoemulsion exhibiting strong bactericidal activity against
Mycobacterium immunogenum and Pseudomonas aeruginosa

Shu-Chi Chang?, shuchichang@nchu.edu.tw, Shang-Jie Lin', Tzu-Wen Chen*, Yao-
Tung Lin>.A (1) Department of Environmental Engineering, National Chung Hsing
University, Taichung, Taiwan 40227, Taiwan Republic of ChinaA (2) Department of Soil
and Environmental Sciences, National Chung Hsing University, Taichung, Taiwan
40227, Taiwan Republic of China

Mycobacterium immunogenum and Pseudomonas aeruginosa currently are of high
health concerns in metalworking processes. To date, tank-side biocide addition is the
most common microbial control measure but usually unable to prevent mycobacteria
growth. This study aimed to formulate an inherently bacteria-resistant metalworking fluid
(MWF) with industrial grade chemicals through nanoemulsification. Using a phase
inversion temperature method, we created a low-cost mineral oil nanoemulsion (MONE)
exhibiting high bactericidal activity against M. immunogenum and P. aeruginosa. A short
term biocidal test showed that a 5% dilution of MONE (5% MONE) has high emulsion
stability and extremely strong bactericidal effects. The first-order biocidal rate constants
of 5% MONE are higher than 72% of the 32 different test combinations of commercially
available MWFs with two industrial biocides. A longer term test on an aged 5% MONE
showed that it achieved 100% elimination of all tested bacteria. The biocidal kinetics of
MONE seemed to follow a new equation, In(N/No)= -ko'(exp(n'C))t, better than the
widely applied Chick-Watson law equation. This new formulation may offer an
inexpensive solution in sustainable utilization of MWF and a new research direction on
biodeterioration prevention of MWFs.



iz Distrition (s Inlesy

PR ey o P b AR e -
71 T S - | S — -
i :
E" BB o e s sl e e R SRl ettt G T S S e [ S £
= !
5
g H
@ 1 10 ] eV 10000

COLL 105

Surface plasmon mediated selective deposition of Au nanoparticles on Ag
nanobowtie



Wei David Wei, wei@chem.ufl.edu.Department of Chemistry and Center for
Nanostructured Electronic Materials, University of Florida, Gainesville, FL 32611, United
States

Utilizing intrinsic surface properties to direct and control nanostructure growth on
nanoscale surface is fundamentally interesting and holds great technological promise.
We have developed a novel “bottom-up” approach to fabricating Au nanoparticles on a
Ag nanobowtie via a chemical solution deposition by using localized surface plasmon
resonance (SPR) excitation. Surprisingly the Au nanopatrticles were founded to be
selectively placed at the junction between the individual Ag nanoprisms. The deposition
location is consistent with the strong SPR-enhanced EM field distribution as predicted
from the numerical simulation. Moreover, how does the enhanced SPR EM field involve
in molecular dissociation will be discussed.

COLL 106
Solution phase strategies for VLS-like growth on colloidal plasmonic substrates

Jill E. Millstone, jem210@pitt.edu, Patrick J. Straney, Lauren E. Marbella.Department
of Chemistry, University of Pittsburgh, Pittsburgh, PA 15260, United States

Multicomponent and composite architectures promise to synergistically combine
properties of their constituent materials. One attractive class of these materials is the
combination of plasmonically active nanoparticles with catalytic or magnetic materials.
However, the architectures of these secondary components can be difficult to control,
and is often either templated by the underlying structure (e.g. core-shell or “framed”
nanoparticle colloids) or by an external template (e.g. porous anodized aluminum
oxide). Here, we demonstrate the use of nanoparticle surface chemistry to create linear
arrangements of discrete, 1D Pt nanopatrticle alloys directly on the surface of a thin
triangular gold nanoprism substrate. The synthesis of both components is accomplished
in the solution phase and leverages several aspects of the growth chemistry including
the supramolecular assembly of the surfactant and speciation of the platinum precursor.
The reaction is followed by electron microscopy techniques, as well as X-ray
photoelectron spectroscopy, inductively coupled plasma mass spectrometry, and **Pt-
NMR.

COLL 107

Towards molecular control of interparticle separations in (opto)plasmonic
nanoparticle clusters and arrays via template guided self-assembly

Bjoern Reinhard, bmr@bu.edu.Department of Chemistry and The Photonics Center,
Boston University, Boston, Massachusetts 02215, United States

Template guided self-assembly is a versatile fabrication technique for plasmonic
nanoparticle clusters and their arrays. The approach also facilitates the integration of



metallic and dielectric nanoparticles at defined lattice sites into extended optoplasmonic
hetero-nanopatrticle arrays that provide a rich spectrum of localized and delocalized
electromagnetic modes. Although template guided self-assembly strategies facilitate the
generation of electromagnetically strongly coupled nanoparticles with truly nanoscale
interparticle separations, it remains, challenging to control the interparticle separation
within the assembly. One potential control strategy is provided by the ligands (HS-
(CH2)11-(EG)6-OCH2-COOH) grafted onto the nanoparticle surface. We investigated
the influence of the ligand density and the buffer conditions used during the assembly
on the average gap width (g) between the nanopatrticles. The overall size (n) and shape
of the individual clusters was determined through an electron-beam-lithography defined
template. Through correlation of scattering spectroscopy and scanning electron
microscopy we achieved a systematic comparison of the spectral cluster response as
function of n for different assembly conditions and ligand densities. The recorded size-
dependent spectra revealed a systematic spectral shift for clusters obtained with
different ligand density and/or buffer, indicative of significant differences in g. These
differences were independently confirmed through high resolution transmission electron
microscopy performed with nanopatrticle chains assembled on SizN4 membranes. We
shifted the far-field resonance of the superradiant mode in the assembled nanoparticle
chains by up to 250 nm through variation of n between n =1 and 7 (at constant g) and
up to 100 nm through variation of g between 0.37 nm and 1.08 nm (at constant n).
Overall, these studies confirm a measurable level of tunability for g on molecular length
scales.

COLL 108

Biodegradable gold nanoclusters which exhibit high-NIR absorbance for
biomedical imaging

Robert J Stover?, stover@utexas.edu, Avinash Murthy?, Sai Gourisankar?, Golay Nie?,
Miguel Martinez?, Thomas Truskett?, Konstantin Sokolov*?, Keith Johnston?.A (1)
Texas Materials Institute, University of Texas at Austin, Austin, TX 78712-1591, United
StatesA (2) Chemical Engineering, University of Texas at Austin, Austin, TX 78712-
1591, United StatesA (3) Biomedical Engineering, University of Texas at Austin, 200 E.
Dean Keeton St., Stop C0400, Austin, TX 78712-1589, United States

Gold plasmonic nanoparticles are receiving attention for a variety of types of NIR optical
biomedical imaging including photoacoustic spectroscopy. Herein we present a novel
method to assemble equilibrium gold nanoclusters from 5 nm primary gold
nanospheres, which exhibit high near-infrared (NIR) absorbance and have the capability
to fully dissociate back to primary particles, which are capable of efficient renal
clearance. The equilibrium assembly is manipulated via controlling colloidal interactions,
specifically electrostatic repulsion and depletion attraction. The charge on the primary
~5 nm gold nanospheres is tailored via either pH of the dispersion solution or place
exchange reactions with a variety of biocompatible ligands such as lysine, cysteine, or
glutathione to help increase biocompatibility. Afterwards, the addition of a biodegradable
polymer, PLA(1k)-b-PEG(10k)-b-PLA(1k), followed by controlled solvent evaporation



results in depletion attraction which mediates the formation of dense clusters between
20-40 nm in diameter depending on gold and polymer concentration. In some cases,
salt is also added to the mixture for greater control over nanoclusters size. The
adsorption of the polymer onto the cluster surface effectively quenches the particles in
the cluster state. At this stage the clusters show high NIR absorbance suitable for
biomedical optical techniques such as photoacoustic imaging. In response to cellular pH
environments, the quenching polymer degrades thus causing the clusters to dissociate
back to primary constituents which are ideal for efficient renal clearance.

COLL 109

Role of etching in the formation of Ag nanoplates with straight, curved, and wavy
edges and comparison of their SERS properties

Dong Qin, dong.gin@mse.gatech.edu, Yin Yang.Materials Science and Engineering,
Georgia Institute of Technology, United States

In this talk, we report the systematically investigation on the role of oxidative etching in
the formation of Ag nanoplates with different morphologies. By monitoring the reduction
of AgNO3 with poly(vinyl pyrrolidone) (PVP) in an aqueous solution under hydrothermal
condition, we confirmed that etching plays an essential role in promoting the growth of
Ag triangular nanoplates with straight edges at the expense of multiple twinned particles
(MTPs) via Ostwald ripening. Ultimately, the etching resulted in the formation of
enneahedral nanoplates with curved edges that have not been reported previously. For
the first time, we also observed selective etching on the side edges in ethanol under a
solvothermal condition for the generation of Ag nanoplates with wavy edges. A
comparison study of surface-enhanced Raman scattering (SERS) indicates that, at the
same patrticle concentration, Ag nanoplates with wavy edges showed an enhancement
at least 6 and 13 times stronger than those with straight and curved edges, respectively.
The finite difference time domain (FDTD) calculation results support our experimental
observations that the sharp features on nanoplates with wavy edges made them the
most active SERS substrates.

COLL 110

Mechanism-based design of precursors for the deposition of inorganic films and
nanostructures

Lisa McElwee-White, Imwhite@chem.ufl.edu.Department of Chemistry, University of
Florida, Gainesville, FL 32611-7200, United States

A chemistry-based approach to designing precursors for the deposition of inorganic
materials requires consideration of the physical properties of the precursor compound
and its probable decomposition pathways. We have been using Chemical Vapor
Deposition (CVD) of tungsten carbonitride (WNxCy) films from tungsten imido, hydrazido
and nitrido complexes as a model system to investigate the relationship between



conventional organometallic mechanistic study of the precursors and the deposition
results. An analogous approach can be applied to designing precursors for other
techniques such as Surface Plasmon Mediated Chemical Deposition (SPMCD) of
nanoparticles and Electron Beam Induced Deposition (EBID) of nanostructures.

COLL 111

Strategies to prepare Culny,Gay.1S2 and AgxCu,.1InS, nanoparticles from
molecular single source precursors

Joshua J Pak, pakjosh@isu.edu.Department of Chemistry, Idaho State University,
Pocatello, ID 83209, United States

Over the years, the use of molecular single source precursors (SSPs) has been an
effective strategy to prepare binary and ternary nanoparticles. By decomposing
molecular SSPs containing all requisite elements, one can produce nanopatrticles with
controlled stoichiometry, size, and phase. However, the same strategy is not always
readily applicable to the preparation of quaternary and more complex compositions. We
have been interested in tuning nanoparticle properties such as bandgap by judicious
control of the stoichiometry among a variety of component elements. In this
presentation, we will discuss the synthesis of complex molecular precursors designed
for this purpose and their decomposition to prepare novel I-11I-VI multinary nanopatrticles
such as CulnyGax.1S, and AgxCux11nS,.

COLL 112

Electron beam induced deposition of nanostructures: A surface science
perspective

Howard Fairbrother?, howardf@jhu.edu, Samantha Rosenberg®, Josh Wnuk?, Mike
Barclay', Cornelis Hagen®.A (1) Department of Chemistry, Johns Hopkins University,
Baltimore, MD 21218, United StatesA (2) Intel Cooperation, Hillsboro, Oregon, United
StatesA (3) Faculty of Applied Sciences, Delft University of Technology, Delft, The
Netherlands

Electron beam induced deposition (EBID) 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 EBID 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 EBID 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 |
will describe the current status of EBID and in particular 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 EBID.

By studying the electron stimulated reactions of monodentate FEBIP precursors
(MeCpPtMe3, W(CO)g, Pt(PF3)4, Co(CO)3NO) we have shown that deposition is often
initiated by electron stimulated ejection of a single ligand. For example, in the case of
Pt(PF3)4, deposition is initiated by Pt-P bond cleavage but subsequent electron
stimulated reactions of the Pt(PF3)3; intermediate occur exclusively as a result of P-F
rather than Pt-P bond cleavage. For precursors such as MeCpPtMe3 that do not form
intermediates during EBID, substrate temperature and electron fluence do not influence
the film's chemical composition. In contrast, for precursors such as Pt(PF3)4 and
W(CO)s where deposition creates an intermediate, ligand eject from the intermediate
can occur at sufficiently high substrate temperatures, improving the film's metal content.
However, higher electron fluxes promote ligand decomposition within surface
intermediates, retarding desorption of intact ligands and negatively impacting the film's
metal content.

COLL 113

Spontaneous nanostructure assembly with new focused charged particle beam-
induced processes

Aurelien Botman®, aurelien.botman@fei.com, Steven J. Randolph?, Alan Bahm'?,
Marcus Straw®, Milos Toth®>.A (1) FEI, Hillsboro, OR 97124, United StatesA (2) School
of Physics and Advanced Materials, University of Technology Sydney, Sydney, New
South Wales 2007, Australia

Two new room temperature processes for spontaneous nanostructure formation by
focused charged patrticles in reactive gaseous environments will be presented. Both
processes are fundamentally different from conventional gas mediated focused charged
particle beam deposition. Firstly, the growth of complex 3D Ga-filled micropillars formed
via a bottom-up self-ordering process will be described. These micropillars arise from a
number of distinct physical and chemical interactions occurring during focused ion beam
bombardment of IlI-V solids in a reactive gaseous environment. A pre-seeding step
allows the formation of micropillar arrays. Secondly, a method for the synthesis of highly
porous, nanocrystalline platinum films based on fluorine-mediated decomposition of
Pt(PF3)4 adsorbates will be discussed. Pure platinum deposition results from a
spontaneous reaction in the presence of the gas phase precursors. Spatial localization
is achieved by functionalizing substrate surfaces via charged particle beam induced pre-
fluorination.

COLL 114

Osmotic stress induced stochasticity in E.coli synthetic gene network



Subra Muralidharan, subra.murali@wsu.edu, Narayanan Srividya, Austin Peasley,
Gayathri Balandaram.School of Molecular Biosciences, Washington State University,
Pullman, WA 99164, United States

A focus of our research efforts is to discern the influence of mechanical and osmotic
stress that build up in tumor microenvironments being causal in metastatic phenotype
formation. Osmotic stress is due to differences in the activity of water between the cell
interior and the microenvironment. We have investigated how the difference in water
activity causes stochasticity in a synthetic gene network in E.coli as a model. A
synthetic gene network consisting of three genes in a cascade that are sequentially
downregulated and reported by CFP and YFP, and fourth independent gene reported by
RFP was subjected to osmotic stress with varying concentrations of NaCl and sucrose
(0 — 3 M). The fluorescence intensities and self-correlation parameters for CFP, YFP,
and RFP expression, and intrinsic, and extrinsic noise parameters and transfer
functions for cfp-yfp, cfp-rfp, and yfp-rfp gene pairs determined from the respective
protein expression exhibit a combined repression and activation depending on activity of
water. Stochasticity in gene expression is very sensitive to changes in water activity and
almost entirely due to intrinsic noise which decreases in the order cfp-yfp>yfp-rfp>cfp-
rfp. The transfer functions provide information on the directionality of noise propagation
in the gene network. Differences between NaCl and sucrose as solutes were observed
and could indicate the participation of mechanosensitive ion channels on the membrane
wall. Significant aspects of these studies will be discussed.

COLL 115
Phosphoinositol lipid phase separations in Amot-membrane association

Merrell Johnson?, Horia Petrache?, Millicent Firestone®, Thomas D Hurley*, Clark D
Wellst, Ann C Kimble-Hill*, ankimble@iu.edu.A (1) Department of Biochemistry &
Molecular Biology, Indiana University School of Medicine, Indianapolis, IN 46202,
United StatesA (2) Department of Physics, Indiana University Purdue University
Indianapolis, Indianapolis, IN 46202, United StatesA (3) Center for Integrated
Nanotechnologies, Los Alamos National Laboratory, Los Alamos, NM 87545, United
States

The Angiomotin (Amot) family of adaptor proteins binds core polarity proteins involved
in polarization of the apical membrane and transcriptional co-activators as a regulator of
cell growth and migration. The Amot coiled-coil homology (ACCH) domain has the
unique property to selectively bind phosphatidylinositols (PI) in a similar manner as
FYVE, PX and PH domains. We endeavored to understand the physical properties
associated with various levels of phosphorylation on PI containing membranes as an
interface between the ACCH domain and the lipidic environment for membrane
association. As a result, we suggest that the presence of the Pl lipid induces a phase
separation thereby creating an enriched nano- to micro- scaled ordered lipid domain
that can be further stabilized by cholsterol. It is under this context that we then are able
to discuss ACCH domain activity as a function of lipid content, as well as further design



assays to ascertain the contributions of selected lysines and arginines toward lipid
head-group binding.

This work was supported by NIH KO1CA169078-01, NSF DSRP-IUPUI, NSF Bridges to
the Baccalaureate IUPUI, NSF UROP-IUPUI, IUPUI Project Seed, IUSM LHSI and NSF
LSAMP-IUPUI.
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Important role of saccharides in the preservation of lipid bilayer structure in
dehydration probed by sum frequency generation (SFG) spectroscopy

Zhang Ya', zhang.ya@nims.go.jp, Noguchi Hidenori'?, Uosaki Kohei*?.A (1)
International Center for Materials Nanoarchitectonics (WPI-MANA), Nation Institute for
Materials Science (NIMS), Tsukuba, Ibaraki 305-0044, JapanA (2) Department of
Chemistry, Hokkaido University, Sapporo, Hokkaido 060-0081, Japan

Saccharides are found in many plants and animals. They play important role in keeping
many organisms active even in extreme life conditions such as complete dehydration as
they have ability to prevent headgroup of lipid membrane to pack when water is
removed. However, the mechanism of stabilization of lipid membrane in dry state by
saccharides is still not well understood due to the lack of effective experimental probes.
Sum frequency generation (SFG) spectroscopy is an interface-sensitive technique,
based on a second-order nonlinear optical effect, in which a photon is generated at a
frequency equal to the sum of the frequencies of the two incident photons, and is
effective for the study of interfacial molecular structure. In this work, the role of
saccharides for the preservation of DMPC bilayer structure in dry state was studied
using SFG spectroscopy, atomic force microscopy (AFM) and attenuated total
reflectance Fourier transform infrared (ATR-FTIR) spectroscopy.

Although the DMPC bilayer was stable in D,O, it was broken and formed an ordered
monolayer when D,O was removed. The stability of the DMPC bilayer increased when
saccharide was introduced. Moreover, the size of the saccharide was found to be an
important factor in stabilizing the DMPC bilayer structure in dry state. ATR-FTIR
measurements showed hydrogen bond formation between saccharide and phospholipid
headgroups was minimal. From these results, we concluded that the volumetric effect
play a main role in preserving bilayer structure in dry state.

COLL 117

Lipid tilt regulates ripple phase behavior in lipid bilayer

Padmini RangamanilA, Padmini.rangamani@berkeley.edu, Shachi Katira?, Berend
Smit?, George Oster’.A (1) 1Department of Molecular and Cell Biology,, University of

California,, Berkeley, CA 94720, United StatesA (2) Department of Chemistry and
Chemical Engineering, University of California,, Berkeley, CA 94720, United States



Continuum modeling of lipid bilayers provides insight into the physics underlying
geometric

changes to the shape of the membrane in response to biological processes. The
Helfrich

model has been the gold standard for many years and applies only to length scales
larger than

that of the thickness of the bilayer. For small length scale processes, orientation of the
lipid,

characterized by 'lipid tilt', is a suitable fundamental degree of freedom. In this work, we
develop

a continuum model with lipid tilt as the key degree of freedom. Using local force
balance, we

derive the equations of motion associated with the membrane. We use this model to
study the

characteristics of ripple phases in bilayers. Comparing the continuum model to coarse-
grained

simulations, we find that the tilt degree of freedom is important to allow for ripple
formation in

bilayer membranes.
COLL 118
Terpenoids: Their effect on biological membranes

Vivien Jagalski', vivien@chem.ku.dk, Bjérn Hamberger Hamberger?, Marité
Cardenas®.A (1) Department of Chemistry, University of Copenhagen, Copenhagen,
DenmarkA (2) Department of Plant and Environmental Sciences, Faculty of Science,
Copenhagen, BA%zlowsvej 17 1870 Frederiksberg C, Denmark

Terpenoids are the largest group of natural compounds with a high structural diversity.
Synthesized out of five- carbon building blocks they are highly lipophilic, implying a
potential effect on the physical and chemical properties of the biological membrane,
which are proved to be crucial for each living cell. They are synthethized by enzymes at
the cell membrane and are accumulated in lipophilic environments including lipid
bodies.



Terpenoids are secondary metabolites produced by plant cells. They have versatile
biological activities and hence the research focused on these low weight compounds
the past decades. Nowadays, terpenoids find pharmaceutical applications for instance
in cancer therapy, or in food industry as flavor enhancer. Despite their importance,
terpenoid effects on biological bilayers have not been investigated yet. The biological
membrane as the largest cell component has, besides its barrier function, an essential
role in many cell processes like cell metabolism, energy storage and communication.
The vitality of a cell can rise and fall with its membrane’s properties and can be crucially
effected by lipophilic molecules, for example sterols and terpenoids. Sterols are
molecules known for accumulating in the hydrophobic part of the lipid bilayer changing
the formation of the lipids within it. Due to the chemical structure of terpenoids we
hypothetize that these molecules also have an effect on lipid packing and the
thermotropic phase behavior that could further effect biological pathways of the cell.

The aim is to analyze these potential effects by establishing a membrane model that
mimics the biological bilayer by its lipid composition. With a combination of modern
methods like Atomic Force Microscopy (AFM) in liquid and Fluorescence microscopy as
well as classical methods such as differential scanning microscopy (DSC) and Langmuir
Balance, changes in the lipid bilayer properties can be studied and visualized on the
nanoscale. We present here initial data on lipid membrane physicochemical properties
with compositions closer to the plant cell key organelles and terpenoid effects on it.

COLL 119
Investigations of Cu?*-phosphatidylserine (PS) binding

Xiao Cong?, xiao.cong@mail.chem.tamu.edu, Paul S Cremer®>.A (1) Department of
Chemistry, Texas A&M University, College Station, TX 77843, United StatesA (2)
Department of Chemistry, Pennsylvania State University, State College, PA 16802,
United States

Using a novel fluorescence quenching assay, phosphatidylserine (PS) lipids in
supported lipid bilayers (SLBs) were found to bind Cu?* with sub-picomolar affinity. The
trapped Cu?" is chelated by two PS lipids and the resulting Cu**-2PS complex can
guench a broad spectrum of lipid-bound fluorophores in a reversible and pH-dependent
fashion. At acidic pH values, the fluorophores are almost completely unquenched while
at basic pH, significant quenching (85-90%) is observed. Besides, as Cu?" assists
deprotonation of the amine groups on PS and binds carboxylate and amine groups from
two adjacent PS molecules, the Cu?*-2PS complex preserves the negatively charged
character on membranes. This quenching assay can be used to determine the
equilibrium dissociation constants between Cu®* and SLBs containing different PS
concentrations, since the PS concentration on cell surfaces varies during different
biological events such as apoptosis and blood clotting.

COLL 120



Time-resolved differential scanning calorimetry and small angle neutron
scattering studies on the lipid transfer of phospholipid nanodiscs

Yan Xia', yan.xia@uconn.edu, Mu-Ping Nieh'?® A (1) Department of Chemical &
Biomolecular Engineering, University of Connecticut, Storrs, Connecticut 06269, United
StatesA (2) Institute of Materials Science, University of Connecticut, Storrs,
Connecticut 06269, United StatesA (3) Department of Biomedical Engineering,
University of Connecticut, Storrs, Connecticut 06269, United States

Phospholipid-based nanodiscs are fragments of biomimic membranes composed of
long- and short- chain phospholipids. Their stability can strongly depend on the lipid
transfer rate, which can be evaluated by time-resolved differential scanning calorimetry
(DSC) and small angle neutron scattering (SANS). This presentation will focus on the
lipid transfer of a mixture of zwitterionic long-chain 1,2-dihexadecanoyl-sn-3-
phosphocholine (DPPC), charged long-chain 1,2-dihexahecanoyl-sn-glycero-3-
phospho-(1'-rac-glycerol) (DPPG), and zwitterionic short-chain 1,2-dihexanoyl-sn-
glycero-3-phosphocholine (DHPC), at 20 °C, 25°C and 30 °C [under the melting
temperature of DPPC (41°C) to ensure stable single nanodiscs]. The lipid transfer rate
can be expressed by a single exponential decay and the activation energy E, was
estimated using temperature-dependent Arrhenius equation. The energy
(thermodynamic properties) that involves into the lipid transfer were further discussed
using Eyring-Polanyi equation. The half-life of lipid exchange for nanodiscs was found
around 40 days at 20 °C, in contrast to that of the DPPC/DPPG liposomes (several
months). One of the possible factors that causes the significant difference, the DHPC
content, will be investigated and correlated with the lipid transfer rate of the nanodiscs.

COLL 121

Molecular dynamics simulation of bitumen recovery from oil sands using
nanoparticle suspensions

Oleg A Mazyar, Oleg.Mazyar@bakerhughes.com, Gaurav Agrawal, Valery N
Khabashesku.Center for Technology Innovation, Baker Hughes Incorporated, Houston,
TX 77040, United States

Recently, nanoparticle dispersions were suggested for improving the efficiency of
enhanced oil recovery, well remediation and formation damage removal processes.
These improvements are thought to be due to the effect of disjoining pressure arising
from the ordering of nanopatrticles in the confined three-phase contact region. In this
work, we discuss the use of molecular dynamics simulations to demonstrate that
nanoparticle suspensions can also enhance the recovery of bitumen from oil sands in
processes like Clark's hot water process and low-temperature bitumen recovery
process, where the formation of ordered structures of nanopatrticles is highly unlikely.

COLL 122



Structural color manipulation using tunable photonic crystal: Important role of
colloids

Moon Gyu Han, moongyu.han@samsung.com, Chul-Joon Heo, Hongshik Shim, Chang
Gyun Shin, Jung Woo Kim, Yong Wan Jin, Sangyoon Lee.Emerging Materials Center,
Samsung Advanced Institute of Technology, Yong-in, Gyenggi 446-712, Republic of
Korea

Due to recent growing interest in mobile and e-book devices, new demand for a display
with excellent outdoor readability, low power consumption, and reduced eye-fatigue,
has led to research on reflective displays. Crystalline colloidal arrays (CCAs) composed
of monodisperse copolymer colloids investigated in this study offer great potential for a
tunable photonic crystal to the application on the display technology, owing to its high
reflectance and colour purity as well as easy controllability of the photonic colour in a full
visible regime. With the help of easy controllability of the particle size and the surface
charge, structural colour with improved viewing angle were produced by mixing colloids
with different particle sizes. In addition, the stop-band tuning mechanism under electric
field was systematically investigated. We also report a significant improvement of the
tuning stability of the colloidal photonic crystal composed of long-range ordered
crystalline colloidal arrays through modifying the ITO electrode with ion exchange
resins. Thin layer of over-coating on ITO resulted in significantly improved number of
switching of stable colour tuning from red to green over 800 times, which is reported
best result for tunable photonic crystal with more than 100 nm of AA.
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Chemotaxis of catalytic silica-manganese oxide "matchstick" particles



Stefan A. F. Bon, s.bon@warwick.ac.uk, Adam R. Morgan, Alan B. Dawson, Holly S.
Mckenzie, Thomas S. Skelhon, Richard Beanland, Henry P.W. Franks.Department of
Chemistry, University of Warwick, Coventry, United Kingdom

Particles that can undergo directed self-propulsion are desirable for colloidal cargo
delivery and self-assembly. We will describe the synthesis of silica-manganese oxide
"matchstick” shaped colloids that undergo catalytic self-propulsion by consumption of
hydrogen peroxide. Chemotaxis is observed when these particles are placed in a fuel
gradient.

COLL 124
Sedimentation of aqueous sodium hydroxide drops in vegetable oils

Hyaquino Hyacinthe, thomasw@iastate.edu, Andrew R. White, Thomas
Ward.Department of Aerospace Engineering, lowa State University, Ames, lowa 50011-
2271, United States

Adding water droplets to diesel is known to dramatically decrease NOx and smoke
emissions. Furthermore water-diesel emulsions have been shown to have a higher
reduction in these emissions than water injection into the intake manifold. Unfortunately
the shelf-life of such an emulsion is limited by its kinetic stability. The presence of
surfactants can significantly modify the sedimentation rate with the introduction of
Marangoni stresses. In the case of a vegetable oil-based fuel drops of aqueous sodium
hydroxide can yield sodium-carboxylate salt surfactants through saponification.
Aqueous sodium hydroxide drops with pH between 11 and 13 are allowed to settle in
several oils such as corn, canola, soybean and olive. The deceleration, and in some
cases acceleration, of the drops compared to a clean water drop is observed.

COLL 125
Stirring of inhomogeneous fluids in a tilted-rotating tank

Andrew R. White', thomasw@iastate.edu, David C. Swan?, Hyaquino Hyacinthe®,
Thomas Ward".A (1) Department of Aerospace Engineering, lowa State University,
Ames, lowa 50011-2271, United StatesA (2) Department of Mechanical and Aerospace
Engineering, North Carolina State University, Raleigh, NC 27695-7910, United States

Experiments for the inhomogeneous fluid mixing in a tilted-rotating tank is discussed at
O(1-10) Reynolds and small capillary numbers. At low Reynolds numbers the flow
exhibits two large vortices. As the Reynolds number increases to the laminar regime,
the two vortices exhibit interactions with the bottom wall and begin a cascading effect
that is similar to the well known Moffatt (J. Fluid Mech., 1964) vortices. The additional
vortices aid in transporting material from the the walls to the bulk of the region between
them. They are also efficient in breaking up large droplets into much smaller ones with
the addition of surfactants. The vortices also intensify in magnitude with increasing



rotation rate leading to the appearance of KAM surfaces, which are barriers to efficient
mixing. Experiments are performed to study dispersing water in vegetable oil (5-10%
water by volume) and using laser fluorescence to illuminate the vortices via
experimental Poincare mapping. The resulting images are analyzed to determine the
mixed cross sectional area versus elapsed time as a function of the system parameters
which are the tilt angle, surfactant concentration and Reynolds number.

COLL 126
Novel route to the formation of Pickering emulsions

Amitesh Saha’, sahaa@egr.uri.edu, Vijay T John?, Arijit Bose®.A (1) Department of
Chemical Engineering, University of Rhode Island, Kingston, Rhode Island 02881,
United StatesA (2) Department of Chemical and Biomolecular Engineering, Tulane
University, New Orleans, Louisiana 70118, United States

Particles that are partially wettable in two immiscible liquids are usually required to form
stable emulsions. Here, we begin with completely hydrophilic and highly hydrophobic
particles that do not, by themselves, form emulsions. When these particles are
suspended in aqueous and organic phases respectively, and the two suspensions
mixed, attractive Van der Waals forces between these types of particles cause them to
assemble physically into entities that are partially wettable in both phases. These
entities are very effective at stabilizing emulsions. Particle material, size, shape and
concentration in suspension, as well as the choice of dispersed and continuous phase
are all important for creating the physically assembled particulate entities that stabilize
emulsions. This provides an interesting platform for the development of new emulsifier
systems with particles bearing different physical and chemical properties assembling at
oil-water interfaces to stabilize either oil in water or water in oil emulsions.

COLL 127

Extremely stable oligomer grafted silica nanoparticle stabilised oil-in-
concentrated brine emulsions

Jing Li%, jl906@ic.ac.uk, Milo Shaffer?, Alexander Bismarck*.A (1) Polymer and
Composite Engineering (PaCE) Group, Department of Chemical Engineering, Imperial
College London, London, United Kingdom SW7 2AZ, United KingdomA (2)
Nanostructured Hierarchical Assemblies and Composites (NanoHAC) , Department of
Chemistry, Imperial College London, London, UK SW7 2AZ, United Kingdom

Emulsions have long been of great interest due to their widespread use in everyday life
and majors industries, including the pharmaceutical and petroleum sectors. Particle-
stabilised emulsions have received a considerable revival of attention recently. Many
studies have demonstrated that the surface properties of nanoparticles (NPs) can be
tailored by grafting polymers, such as poly(N-isopropylacrylamide) to their surface.
Furthermore, these modified NPs can be responsive and yet efficient emulsifiers.



However, high salinities have always been a critical problem to emulsifiers, especially
for polymer grafted NPs. In fact, concentrated brine has been traditionally used to break
emulsions. At high ionic strength, electrostatic repulsion between particles is effectively
screened leading to NP aggregation. Additionally, it may cause grafted polymers to
collapse and entangle, removing steric stabilisation. These effects all contribute to a
change in the hydrophilicity of NPs, resulting in lower emulsion stability and/or complete
emulsion destabilisation. Steric stabilisation of sulfonated copolymer grafted iron oxides
NPs in brine has been recently reported but successful emulsification has yet to be
demonstrated.

Here, we report the functionalisation of silica NPs by grafting a specific oligomers
covalently. These oligomer-graft-NPs were characterised using Dynamic Light
Scattering and zeta potential measurements, which indicated stable dispersions.
Furthermore, oligomer-graft-NPs and commercially available Wacker silica NPs can act
as efficient emulsifiers in both water and standard American Petroleum Institute (AP1)
brine (1.8 M total ionic strength, NaCl and CaCl,). Stable decane-in-brine emulsions
were prepared. In higher brine concentration, the stability of Wacker stabilised
emulsions decreased, but oligomer-graft-NPs stabilised emulsions showed improved
stability with smaller droplet size. The effect of temperature on emulsion stability with
brine as continuous phase and the responsiveness of modified NPs are being studied.

COLL 128

Giant charge reversal and charge amplification with monovalent ions in highly
size-asymmetric colloidal suspensions

Guillermo I. Guerrero-Garcia', ivan-guerrero@northwestern.edu, Niels Boon*, Monica
Olvera de la Cruz'?.A (1) Department of Materials Science and Engineering,
Northwestern University, Evanston, lllinois 60208, United StatesA (2) Department of
Chemistry, Northwestern University, Evanston, lllinois 60208, United States

In previous works, we have shown that the ionic excluded volume and the ionic size-
asymmetry may promote an overcompensation of the bare colloidal charge of a single
macroion by counterions, or the so-called charge reversal, and may also induce a local
augment of the net charge near the surface of a single macroion exceeding its bare
colloidal charge, which is the so-called surface charge amplification, in concentrated
supporting electrolytes. In this work, we show that large values of local charge reversal
and charge amplification may appear in a suspension of big macroions and small
monovalent ions with particle size-asymmetries of 250:1. A novel theoretical approach
to describe the corresponding effective interactions between the macroions is also
presented.

COLL 129

Tip induced crystallization lithography



Xin Zhang, zhx-1985@163.com, Brandon L. Weeks.Department of Chemical
Engineering, Texas Tech University, Lubbock, Texas 79409, United States

The preparation of uniform large-area organic crystal arrays on substrates plays an
important role for producing high quality organic thin film based devices, such as
organic semiconductors, solar cells, light-emitting diodes, and sensors. To date, various
techniques have been applied to fabricate organic crystal arrays on substrates, such as
soft-lithography, ink-jet printing and templated growth.Here we demonstrate a new
technique for efficiently fabricating large-area organic crystal arrays on substrates using
tip induced crystallization lithography (TICkLe). The methodology depends on coating
an organic amorphous thin film on a substrate and then inducing crystallization using an
Atomic Force Microscope (AFM) tip. In this report, the size of the smallest feature made
using TICkLe was around 2um.

COLL 130
Nanoscale surface properties of frost during formation

Niklas Nordgren, niklas.nordgren@sp.se, Mikael Jarn.SP Technical Research Institute
of Sweden, SP Chemistry, Materials and Surfaces, Stockholm, Sweden

Frost formation at the nanoscopic level was studied in situ by means of atomic force
microscopy (AFM). The results obtained on mica at low surface temperature conditions
displayed a slow directionally growing frost layer. The propagating ice layer was found
to be only a few nanometers thin. Conversely, when increasing the temperature rapid
melting occurred uniformly across the layer. Moreover, AFM guantitative
nanomechanical analysis revealed a significant difference in the adhesion behavior of
the frost layer and the bare mica substrate demonstrating the role of chemistry and
topography on the interfacial properties of the hydrophilic surfaces. The presented
metrological approach sets the stage for studying many important surface phenomena
of ice at various interfaces with the aim to for example develop new nanomaterials and
surfaces with tailored anti-icing properties.

COLL 131

Genomic studies of elastomeric materials for asymmetric wetting, adhesion, and
transport properties

Melik C Demirel, mdemirel@engr.psu.edu.Materials Research Institute, Penn State,
University Park, PA 16802, United States

We developed an integrative approach for the understanding and engineering of
asymmetric wetting, transport and adhesion properties of elastomeric materials
extracted from squid ring teeth. Materials properties of elastomers extracted from
biological samples vary significantly between the species within the same genus due to
the differences in structure and composition. The gain or loss of materials physical



properties between different squid species sheds light into not only the molecular
structure but also the integration of the hierarchy of systems that serves at
morphological length scales. Therefore, understanding the functional transitions of
biomimetic systems, both computationally and experimentally,helps us to design,
fabricate and synthesize materials resilient to environmental factors, as well as eco-
friendly advanced materials for their novel asymmetric wetting, adhesion and transport
properties.

COLL 132
Biomimetic surfaces with switchable and adaptive hydrophobic behavior

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

Living systems demonstrate examples of surfaces and interfaces with tunable and
adjustable hydrophobic properties to adapt changes in their environment. In this talk we
demonstrate several examples of synthetic materials that mimic biological systems and
demonstrate hydrophobic-hydrophilic transitions via adapting changes in their
environment in air, in liquids or by remote signals. Such systems could find a number of
applications from engineering to biology when synthetic materials could adjust their
interactions with living systems or stimulate the living system response.

COLL 133
Hydrophobic and “switchable” cellulose nanocrystals

Kevin H. M. Kan, Tiffany Abitbol, Lexa Graham, Emily D. Cranston,
ecranst@mcmaster.ca.Department of Chemical Engineering, McMaster University,
Hamilton, Ontario L8S 4L7, Canada

By learning from nature and using bio-components, we can engineer high-performance
materials with improved functionality. Cellulose nanocrystals (CNCs) stand out due to
their mechanical and optical properties but are limited by their hydrophilicity and
interfacial compatibility with hydrophobic polymers. | will present recent advances in
surface modification routes to achieve hydrophobic CNCs through polymer grafting and
surfactant adsorption. The resulting materials are characterized by contact angle,
turbidity, mass spectrometry, surface plasmon resonance spectroscopy and various
microscopies. Hydrophobically-modified CNCs disperse in organic solvents which
opens new avenues for composite processing including solvent ball milling and melt
mixing and extends the range of potential applications for these bio-based
nanoparticles. Surfactant-modified CNCs effectively stabilize oil-in-water and water-in-
oil emulsions which can be controlled through surfactant type and concentration. Finally,
a water based “grafting-from” polymerization method can be used to graft hydrophobic
polymers or responsive polymers which switch surface charge, colloidal stability and



hydrophobicity with temperature, pH or by bubbling carbon dioxide through the
nanoparticle suspension.

COLL 134

Thin fluid film and droplet behavior on tunably disordered self-assembled
monolayer surfaces

Scott K Shaw, scott-k-shaw@uiowa.edu.Department of Chemistry, University of lowa,
lowa City, lowa 52242-1294, United States

The molecular structure and organization of a substrate's surface layers are important to
control wetting, fouling, and other important processes. Advanced materials and new
fabrications methods for tailored surfaces are urgently desired. This work explores
properties of fluid droplets and films supported on substrates modified by tunably
disordered self-assembled monolayer (SAM) systems. By creating mixed monolayers of
varying chain length, the top-most region of the monolayer is changed from crystalline
to one of several disordered phases. This affects the hydrophobicity and surface energy
of the SAM layer, leading to changes in the fluid's chemical structure and contact angle.
Fluid layers are introduced on SAM-modified surfaces by a highly controlled emersion
process. Characteristics of the fluids and SAM surfaces are probed using vibrational
spectroscopy, ellipsometry, and contact angle goniometry. Results are correlated with
expectations from chemical interactions i.e. hydrophobic forces, hydrogen bonding, van
der Waals, electrostatics, etc.
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Protein resistance and surface restructuring of PEG-silane amphiphiles with
variable PEG segment lengths

Marc A Rufin', rufinm@tamu.edu, John A Gruetzner', Matthew J Hurley®, Melissa L
Hawkins', Melissa A Grunlan*?.A (1) Department of Biomedical Engineering, Texas
A&M University, College Station, Texas 77843, United StatesA (2) Department of
Materials Science and Engineering, Texas A&M University, College Station, Texas
77843, United States



Protein adsorption on blood-contacting medical devices leads to thrombosis and
infection. Therefore, protein-resistant biomaterials have the potential to improve device
safety and efficacy. Poly(ethylene glycol) (PEG) has been incorporated into biomaterials
(e.g. silicones) to confer protein resistance, but its performance in vivo is limited. To
improve protein resistance, we prepared PEG-silane amphiphiles with a siloxane tether
and variable PEG segment length (m) (Figure 1). Surface-grafted coatings having
similar graft densities were prepared on silica wafers to eliminate restructuring effects
and compared to those based on “PEG-controls” (i.e. no siloxane tether) as well as
“siloxane controls” (i.e. no PEG segment). While surface hydrophilicity of PEG-silane
amphiphile coatings increased with PEG segment length, the “PEG-control” surface-
grafted coating was the most hydrophilic and exhibited the greatest resistance to
fibrinogen adsorption. Next, medical-grade silicone was bulk-modified with PEG-silane
amphiphiles as well as the controls. While silicones modified with the “PEG-control”
were hydrophobic, those modified with PEG-silane amphiphiles were more hydrophilic
and demonstrated a high capacity to restructure at aqueous interfaces. These results
indicate that the siloxane tether imparts PEG with an important ability to restructure to
the surface of polymeric networks. It was also found that PEG segment length
influenced surface restructuring, where silicones modified with PEG-silane amphiphiles
of m=8 were the most hydrophilic.

EO)3Si~_~ [T
cans o -..|L—n 5: ;n m ~ O ‘“-‘H
Grafting/ Siloxane Tether IEG
Crosslinking Group  pishiv flexible Flexible,

hydrophobic hydrophilic

Figure 1: PEG-silane amphiphile chemical structure with variable
PEG segment repeat umit length (m = 3, 8, & 16).
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Canna indica seedpod: An inspiration to fabricate high aspect ratio hierarchical
superhydrophobic surfaces

Chandra Shekhar Sharma, cssharma@iith.ac.in, Srinadh Mattaparthi.Chemical
Engineering, Indian Institute of Technology Hyderabad, Hyderabad, AP 502205, India

Introduction

Materials, objects and processes found in nature functions from macro-scale to the
nano-scale. Bio-inspiration or biomimetics is a tool to mimic these natural objects to
develop functional materials which provide desired properties such as
superhydrophobicity. There are a large number of examples found in nature such as
plants, bacteria, land animals, aquatic animals and insects which provide an inspiration



to mimic some structural and functional properties owned by them. For example some
plant leaves and flower petals like lotus leaf, rice leaf, taro leaf and rose petal are well
known for their superhydrophobic and self-cleaning properties due to the multiscale
structural patterns present on their surfaces. Most of these examples as reported in
literature are based on low aspect ratio structures.

India canna, a species of the Canna genus that belongs to the family Cannaceae, has
been chosen here as a model plant. Unlike its leaves and petals which show ultra
hydrophobic nature due to low aspect ratio multiscale surface structures, Canna Inica
seedpod possesses high aspect ratio hierarchical structures and also also shows
superhydrophobic nature. We not only successfully mimicked these high aspect ratio
hierarchical structures into a number of polymers like PDMS and an organic (resorcinol
formaldehyde) gel by replica molding but also showed that these biomimicked polymer
surfaces exhibit superhydrophobicity. These high aspect ratio biomimicked hierarchical
structures may find potential applications in self cleaning surfaces, low friction surfaces
in microfluidics and in MEMS.

Experimental

Materials: Canna Indica seedpod of red color was chosen from a local garden.
Polydimethoxysilane (PDMS) (Parts 1 and B) was purchased from Dow corning.
Resorcinol, formaldehyde, potassium carbonate and chloroform were purchased from
Merck India.

Method: Replica molding is one of example of soft lithography techniques to fabricate
sub-micron structures over a large area. We cut the seedpod into small pieces and
poured the PDMS solution onto it followed by curing at 120 °C for 2 hours. PDMS mold
was swollen in chloroform for easy release of bio-template giving a negative replica
containing holes in PDMS. Once the PDMS negative replica having holes was prepared
after swelling it into chloroform for its easy release, we poured resorcinol-formaldehyde
(RF) sol into it. After controlled drying, we were able to fabricate positive RF gel replica
with high aspect ratio hierarchical structures as similar to original seedpod.

Characterization: SEM was used to observe the morphology of the original seedpod
and its negative PDMS and positive RF gel replicas. The 3-D confocal microscopy was
used to measure the aspect ratio of individual spike present in seedpod structure.
Contact angle was measured using goniometer to study the wettability characteristics of
these biomimicked polymer surfaces.

Results and Discussion
Figures 1 and 2 summarizes the results on structural characterization and wettability

characteristics of original and biomimicked high aspect ratio hierarchical polymer
surfaces as discussed above.



Figure 1: The digital camera and 3-D confocal microscopy image of original Canna
Indica seedpod

Figure 2: SEM images (first three rows) of original seedpod (first row); negative PDMS
replica (second row) and positive RF gel replica (third row) followed by digital image of
water droplet last row)

Conclusions

Biomimicking has been depicted as a powerful tool for the microfabrication of high
aspect ratio hierarchical structure in polymers. These biomimicked polymer surfaces
retained the superhydrophobic behavior as of their original biotemplates.

Acknowledgement: Research grant of Indian Institute of Technology, Hyderabad is
acknowledged.
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Anti-fouling silicone coatings prepared with PEO-silane amphiphiles

Melissa L. Hawkins?!, gies67@tamu.edu, Bagrat Grigoryan®, Samantha M. Schott’,
Melissa A. Grunlan?.A (1) Department of Biomedical Engineering, Texas A&M
University, College Station, TX 77843, United StatesA (2) Department of Materials
Science & Engineering, Texas A&M University, College Station, TX 77843, United
States

Silicones are commonly used for blood-contacting medical devices as well as marine
and industrial coatings. However, due to their extreme hydrophobicity, silicones exhibit
poor resistance to biological adhesion, including blood proteins and microorganisms. To
reduce adhesion events, silicone surfaces have been hydrophilized by various physical
and chemical strategies including modification with poly(ethylene oxide) (PEO; or
poly(ethylene glycol) (PEG)). In this study, linear PEO-silane amphiphiles containing a
flexible, hydrophobic siloxane tether of variable length (n) were used to prepare bulk-
modified silicones (acetoxy cure RTV silicone, 20% silica) as well as model surface-
grafted coatings on silicon wafers (Figure 1). Contact angle measurements were
recorded and compared to the adsorption of fibrinogen protein solutions via QCM-D.
Surface-grafted coatings confirmed that increased siloxane tether length produced an
increase in surface hydrophobicity and, hence, reduced protein resistance. However, for
bulk-modified silicones, reconstruction of the amphiphiles to the surface and the
resulting increase in surface hydrophilicity was generally enhanced with a longer
siloxane tether. Thus, restructuring of the PEO-silane amphiphile in a bulk coating and
the resulting surface wettability is impacted by siloxane tether length.
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Figure 1. Surface andbulk modification of silicones with
PEC-silane amphiphiles.
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Thermally-responsive, durable, water/oil repellent coating using
polymethylsilsesquioxane

Chihiro Urata, chihiro-urata@aist.go.jp, Benjamin Masheder, Cheng F Dalton, Atsushi
Hozumi.Department of Materials Research Institute for Sustainable Development,
National Institute of Advanced Industrial Science and Technology (AIST), 2266-98,
Anagahora, Shimo-Shidami, Moriyama-ku, Nagoya 463-8560, Japan

A thermally stable/durable, water/oil repellent coating composed of
polymethylsilsesquioxane (PMSQ) was successfully fabricated through a simple sol-gel
reaction of methyltriethoxysilane."> SEM and AFM confirmed that the resulting coating
was visibly transparent and smooth (Rms < 0.3 nm). This PMSQ surface showed
statically hydrophobic (6s= ca. 85°) and oleophilic (6s= ca. 35°) properties, but
unusually, had excellent dynamic dewettability. Small volumes of probe liquids such as
water and n-hexadecane can be easily set in motion to move across the surface when
the substrate tilt angle is ~10° at room temperature. Thanks to a thermally stable Si-
CHs; bond, this excellent water/oil repellency remained even after the thermal treatment
up to 350°C for 24 h in air
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, Which exceeds decomposition temperature of conventional perfluorinated surfaces.
Investigation of the repellent properties of PMSQ surfaces at high temperatures
(~300°C) using thermally stable probe liquids, such as silicone oil and polyphenylether,
revealed that static contact angles (CA's) exhibited a positive temperature coefficient, i.e
a comparable increase in static CAs of these probe liquids at elevated temperatures.
Based on this fundamental surface property, we have successfully manipulated probe
liquids to migrate from higher temperature regions to lower regions through a thermally-
induced gradient of surface tension
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Modification of gas hydrate interfacial energy and wettability with corrosion
inhibitors



Zachary M Aman, zachary.aman@uwa.edu.au, Michael L Johns, Eric F May.Centre for
Energy, The University of Western Australia, Crawley, WA 6009, Australia

Gas hydrates represent a critical risk in subsea flow assurance, as particle aggregation
and deposition may lead to complete flowline blockage. Anti-agglomerants are strong
surfactants that may be injected to stabilize a non-aggregating particle slurry, but
continuous dosage may be cost-prohibitive. Corrosion inhibitors are structurally similar
to anti-agglomerants, but their effect on hydrate particle aggregation has not been
established. This study deploys high-pressure differential scanning calorimetry to
measure the effect of model corrosion inhibitors on the stability of a hydrate dispersion
in crude oil. The results indicate that corrosion inhibitors adsorb to hydrate-oil interfaces,
and may effectively stabilize a hydrate-in-oil dispersion. The threshold adsorption
concentration is quantitatively similar to previously-established behavior of carboxylic
and sulfonic acid surfactants. These results are compared to established techniques,
including interfacial tensiometry, and represent the first deployment of high-pressure
calorimetry to detect surfactant adsorption at the hydrate-oil interface.

COLL 140
Lubrication and wet adhesion in the presence of draining channels

Charles Dhong, Rohini gupta, Joelle Frechette, jfrechette@jhu.edu.Department of
Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD
21218, United States

We will discuss our efforts to understand the mechanisms behind the adhesion of tree
frog under wet conditions. Central to the adhesion and locomotion of tree frogs is their
structured toe pads, which consist of hexagonal arrays of epithelial cells separated by a
network of interconnected channels. It has been proposed that the channels facilitate
the drainage of excess fluid trapped between the toe pads and the contacting surface,
and thus reduce the hydrodynamic repulsion during approach. We present direct force
measurements of the normal and peeling hydrodynamic interactions during the drainage
of fluid from the gap between a structured and a smooth surface. We find that the
structured surfaces lead to faster time to contact due to the reduction of drainage forces
and can display stronger adhesion. We compare to our results with that of Reynolds
theory modified for structured surfaces.
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Silver-polymer nanocomposite material

Jordan Ellison, Greg Wykoff, Anita Paul, Ray Mohseni, Aleksey Vasiliev,
vasiliev@etsu.edu.Department of Chemistry, East Tennessee State University, Johnson
City, TN 37614, United States

Silver-polymer composite material containing highly dispersed silver nanoparticles was
obtained from bare nanosilver. This nanocomposite was prepared in three steps. On the
first step, a self-assembled monolayer with terminal amino groups was formed on the
surface of nanoparticles by treatment with 2-aminoethanethiol. Then polyacrylic acid
(MwW=1,800) was bonded to the amino groups of the surface silver 2-
aminoethanethiolate with the use of diisopropylcarbodiimide. Intermediate product
formed large agglomerates in polyacrylic acid due to the presence of unreacted
carboxyl groups. Finally these groups were esterified by methanol. On this step, silver
nanoparticles formed a stable colloidal dispersion in the polymer matrix. The average
particle size of nanosilver calculated from XRD and TEM data was 27 nm. The structure
of the product was confirmed by FT-IR and NMR spectroscopy.

COLL 142

Functionalization of surface by catalytic N-arylation



Kenneth Seaton, George Kubi, Aleksey Vasiliev, vasiliev@etsu.edu.Department of
Chemistry, East Tennessee State University, Johnson City, TN 37614, United States

Surface of mesoporous silica gel was functionalized by the reaction of catalytic N-
arylation. 3-Aminopropyl-functionalized silica gel was used as a starting material. The
reaction was carried out in the presence of copper acetate as a catalyst. Optimal
conditions of the synthesis were determined for the reaction of terminal amino groups
with phenylboronic acid. Then Br, Cl, CH3z, OCH3, SCH3, CH=CH,, and CHO groups
were introduced to the surface with the use of para- and meta-substituted phenylboronic
acids.

In addition to aromatic compounds, heterocyclic and vinylboronic acids were also used
in this reaction. The presence of the functional groups was confirmed by elemental
analysis and characteristic reactions. Obtained functionalized materials were studied by
BET adsorption of nitrogen, DSC and TGA methods.

COLL 143
Mesoporous silsesquioxane for post-combustion capture of CO,

Odette Esam, Aleksey Vasiliev, vasiliev@etsu.edu.Department of Chemistry, East
Tennessee State University, Johnson City, TN 37614, United States

The objective of this work was the synthesis of stable mesoporous adsorbent for
reversible adsorption of CO, from industrial emissions. A functionalized silsesquioxane
material with high contents of surface amino groups was prepared from a bridged
precursor, bis[3-(trimethoxysilyl)-propyllamine, by sol-gel method in acidic media in the
presence of a surfactant. In contrast to non-bridged organic trialkoxysilanes, no cross-
linker (e.g., tetraethoxysilane) was necessary to provide mesoporous structure of the
material. Thus the adsorbent had increased concentration of surface basic sites for CO,



adsorption. Adsorption was carried out at the room temperature in CO; flow. The
adsorption capacity of the material was particularly high in the presence of water vapor
in the gas. Then physically adsorbed CO, was removed by nitrogene purging. On the
desorption step, the temperature was increased up to 120 °C where surface complexes
of CO, with amino groups decomposed.
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Chemically adsorbed CO, was removed from basic sites of the adsorbent and captured
by a saturated solution of Ba(OH),. Adsorption capacity of silsesquioxane was
determined from the mass of formed BaCO3. Structure and composition of the
adsorbent was studied by elemental analysis, solid state NMR and FT-IR spectroscopy,
DLS and BET adsorption of N».
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Experimental study of absorbance and fluorescence spectra of colloidal
dispersion of Au nanoparticles in solid solutions of organic dyes in polysiloxane

Nikolay Barashkov?, nikolay.microtracers@gmail.com, Irina Irgibayeva?,
irgsm@mail.ru, Anuar Aldongarov?, Artur Mantel?, Alexander A. Ishchenko®.A (1) R&D,
Micro-Tracers, Inc, San Francisco, CA 94124, United StatesA (2) Eurasian National
University, Astana, Astana Region, KazakhstanA (3) Institute of Organic Chemistry
NAS Ukraine, Kiev, Ukraine

Colloidal dispersions of Au nanopatrticles in polysiloxane (PSi) were prepared by mixing
chloroauric acid dissolved in acetone with the vinyl-terminated Psi precursor, following
by addition of Si-H containing precursor and in-oven curing at 60°C for 24 hrs. During
the curing procedure, reduction of Au(lll) to the zero-valent Au takes place. Absorbance
and fluorescence spectra of prepared Au/PSi nanocomposites are investigated and
compared with the spectra of colloidal dispersion of Au nanoparticles in PSi containing
different concentrations of four polymethine dyes, introduced in vinyl-terminated Psi
precursor before curing. In several cases it was found that the presence of Au
nanoparticles is able to enhance the emission efficiency of dye molecules, probably due
to resonance energy transfer process. The influence of the nature of dyes, as well as
their concentration and concentration of nanoparticles on the fluorescence properties of
investigated nanocomposites are discussed.

COLL 145



Dual protein stimuli triggered dendritic nanocarrier disassembly

Jing Guo, jingg@chem.umass.edu, Jiaming Zhuang, Feng Wang, Krishna R.
Raghupathi, S. Thayumanavan.Chemistry, University of Massachusetts Amherst,
Amherst, MA 01003, United States

An amphiphilic dendrimer-based nanocarrier was designed and synthesized to study
the collaboration of two protein stimuli triggered disassembly. On each amphiphilic unit
of dendron was attached a hydrophilic pentaethylene glycol (PEG) moiety and a
hydrophobic coumarin ester moiety, which allows for the formation of micelle-type
assemblies in aqueous milieu with an equilibrium between assembly and its dendron
state through hydrophilic-lipophilic balance (HLB). High stability of dendritic assembly
makes the equilibrium favor the assembly state, which makes the hydrophobic interior
difficult to be accessed by outside trigger. To overcome this, a protein-specific ligand is
attached on the terminus of one PEG moiety. This design results in a dendron-protein
complex, thus breaking the HLB and shifting the equilibrium to favor the monomer state,
and leading to an increased accessibility of hydrophobic ester moiety by outside
triggers. An enzyme can liberate a fluorescent form of coumarin that can be detected
and quantified. Dye release results have shown that dual triggers boost the initial rate
dramatically. We present herein a method of designing a dual stimuli responsive system
which will respond with significant dye release only when both stimuli are present.
Advantages such as assembly stability and response to primary biological changes,
coupled with efficient targeting and faster and complete guest release make this system
a promising candidate for applications such as sensing and drug delivery.
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“Cyborg” cells as vehicles for nanoparticle delivery inside of Caenorhabditis
elegans



Renata Minullina, mirenata1612@gmail.com, Gélnur Dawlétsina, Rawil
Fakhrullin.Department of microbiology, Kazan (ldel buye/Volga region) Federal
University, Kazan, Repubic of Tatarstan 420008, Russian Federation

Caenorhabditis elegans is a free-living microscopic round worm, its biology, ecology
and behaviour has been thoroughly studied during the recent decades. Therefore the
nematode has attracted the huge attention of scientists studying the toxicity of
nanoparticles (NPs).

The typical procedure of nhanomaterial toxicity assessment consists of the exposition of
microworms onto the solid agar-based Nematode Growth Media covered by bacterial
lawn, containing certain amount of nanoparticles, or introduction of the microworms into
liquid media supplemented by nanoparticles followed by the subsequent incubation for
the certain periods of time. However, nanoparticles hardly can be evenly distributed in
solid nematode media which leads to the undesired aggregation of nanoparticles.
Therefore, a new approach which would secure the direct and straightforward delivery
of nanoparticles into C. elegans worms is required.

In this study, we showed for the first time the application of nanoparticle-coated “cyborg
cells"as delivery vehicles for controllable administration of a range of NPs into C.
elegans. Our approach is based on direct deposition of polycation-coated magnetite
NPs onto microorgnisms (E. coli, Chlorella pyrenoidosa Saccharomyces cerevisiae) or
via the layer-by-layer assembly of polyelectrolyte multilayers doped with anionic Ag
NPs.Next, the nanomodified cells are used as the food source for nematodes, which
uptake the cell walls attached nanoparticles while feeding. This results in the uniform
and controllable delivery of nanoparticles into C. elegans nematodes. The delivery of
NPs into the transparent microworms can be directly monitored using optical and
fluorescence microscopies.

“Cyborg” cells-mediated NPs delivery can be applied for monitoring of nanotoxicity of
engineered materials, as shown here using toxic silver nanopatrticles. In addition, the
delivery of magnetic nanoparticles allows for the magnetic manipulation and spatial
separation of NPs-labelled nematodes.

This study was supported by RFBR 12-03-93939-G8 and RFBR 12-04-32054 grants.
COLL 147

Synthesis and application of modified silver nanoparticles with high yield as
anticorrosion self-assembled nanoparticles films on the surface of carbon steel

alloys

hamad a. Al-Lohedan, hlohedan@ksu.edu.sa.department of chemistry, king saud
university, riyadh, Saudi Arabia



A new developed method is described to prepare monodisperse silver nanoparticles to
enhance yield by adding a trace amount of Fe** ions into the reaction of AgNO3 with
oleic acid and oleylamine to produce monodsiperse nanoparticles. The core-shell silver
nanoparticle coated with copolymers of styrene acrylamide nanogels with controllable
particle size produced via emulsion polymerization at room temperature. The
crosslinking polymerization was carried out in the presence of N,N -
methylenebisacrylamide (MBA) as a crosslinker, N,N,N",N -tetramethylethylenediamine
(TEMED) and potassium peroxydisulfate (KPS) as redox initiator system. The structure
and morphology of the silver nanogels were characterized by Fourier transform infrared
spectroscopy (FTIR), transmission and scanning electron microscopy (TEM and SEM).
The effectiveness of the synthesized compounds as corrosion inhibitors for carbon steel
in 1 M HCI was investigated by various electrochemical techniques such as
potentiodynamic polarization and electrochemical impedance spectroscopy (EIS).
Monolayers of silver nanoparticles and oleic oleyl amine were self-assembled on the
fresh active surface of the carbon steel electrode. The self-assembled monolayers of Ag
nanoparticles have more effective corrosion inhibition for carbon steel as indicated by
the high charge-transfer resistance shown in cyclic voltammetry (CV) and EIS. The
results showed the nanogel particles act as mixed inhibitors. Adsorption of nanogel
particles was found to fit the Langmuir isotherm and was chemisorption.

Email: hlohedan@ksu.edu.sa

Division of colloid and surface chemistry, fundamental research in colloids,
surfaces and nanomaterial (poster).

COLL 148
Study of bismuth nanoparticle stability using NMR

Kathryn L. Corp*?, kcorp@linfield.edu, Marléne Branca', Karine Philippot!, Diana
Ciuculescu-Pradines®, Catherine Amiens®.A (1) UniversitA” Paul Sabatier - Laboratoire
de Chimie de Coordination, Toulouse, FranceA (2) Department of Chemistry, University
of Florida, Gainsville, Florida 32611, United States

Bismuth nanoparticles specifically have become interesting for their electric properties
and use for thin films. Bulk bismuth has very unique electrical properties. For instance it
has a very low carrier density and is a highly anisotropic Fermi surface. In addition,
bismuth nanoparticles have shown potential for having even larger thermoelectric
effects than bulk bismuth. This study focuses on the synthesis, characterization and
stabilization of bismuth nanoparticles made from Bi(N(SiMe3),)s. The reproducible
synthesis makes nanoparticles ranging from 1-4 nm where most of the stabilization is
done by Li or Na -HMDS, along with a byproduct of the reaction. We note the strength
of the diamagnetism of bismuth by observing a shift of ligands present in the
nanoparticles solution. Any additional shift is due to a particular ligand helping stabilize
the nanopatrticles. By this method we can tell which ligand stabilizes the bismuth
nanoparticles.



COLL 149
Stimuli-responsive elastomeric opal films

Daniel Scheid, m.gallei@mc.tu-darmstadt.de, Christian G. Schafer, Markus
Gallei.Department of Chemistry, Technische UniversitAat Darmstadt, Darmstadt,
Hessen 64287, Germany

Convenient semicontinuous emulsion polymerization protocols were applied to yield
monodisperse core-interlayer-shell (CIS) particles featuring a soft shell and a hard core.
Obtained particles were processed be using the melt shear technique to gain highly
ordered, reversibly stretch-tunable elastomeric opal films after subsequent thermal or
UV cross-linking reactions.! The resulting films revealed distinct angle-dependent
reflection colors due to Bragg's law. External triggers such as strain, solvents, change of
pH, but also the presence of redox reagents or by applying electric current can be used
to change the reflection colours in a wide range making these films excellent candidates
for a plethora of sensing applications. Furthermore, CIS particles featuring non-cross-
linked hard cores embedded in a cross-linked matrix undergo a shape transition from
soft spheres to oblates by applying pressure.? Deformation of the spherical cores led to
hexagonally arranged spheroid oblates. Optical characterization shows that bead
deformation provokes a tremendous photonic band gap shift of about 160 nm. Fully
reversible shape transition from the form-anisotropic shape back to the original spheres
is accompanied with a full recovery of the original photonic band gap making these films
suitable for enhanced impact sensing applications. The multi-stimuli-responsiveness of
herein investigated opal films turns them unambiguously to functional materials with a
wide range of applications in fields of optical sensing, rewriteable photonics and
actuation systems. Recently, functional CIS spheres based on inorganic magnetic core
shell nanopatrticles were used in such opal films, which unambiguously extend the
range of potential applications of the opal films towards nanophotonics, nanoelectronics,
plasmonics and metamaterials.

[1] Schafer, C. G.; Gallei, M.; Rehahn, M. et al. Chem. Mater. 2013, 25, 2309.

[2] Schafer, C. G.; Gallei, M. et al. Langmuir 2013, 29, 11275.

[3] Schafer, C. G.,Gallei, M.; Rehahn, M. ACS Appl. Mater. Inter. 2013, under revision.
COLL 150

Modeling of the solvent processing dynamics of aerogel/gold nanoparticle
composites using modified Maxwell-Garnett theory

Kelsey Mengle, km9506@ship.edu, John Richardson, jnrich@ship.edu, Jeb
Kegerreis.Department of Chemistry, Shippensburg University, Shippensburg,
Pennsylvania 17257, United States



The optical properties of gold nanoparticles are studied widely since they differ from
those of the bulk metal. Gold nanoparticles were encapsulated in silica aerogels and
analyzed with visible spectroscopy. Maxwell-Garnett (MG) theory was modified and
used to model the behavior of aggregating gold nanoparticles to better understand the
dynamics of the gelling process in different solvents. Our modification to MG theory was
to include several weighted filling factors (f) instead of only one f in the MG equations to
better fit the experimental data. When 1-octanethiol was added to protect the gold
nanoparticles in the aerogel matrix, there was decreased aggregation. An unexpected
blue shift in the surface plasmon resonance from 558 nm to 529 nm occurred between
the solvent exchange to cyclohexane from acetone. This shift did not occur in the
spectra of aerogel/nanoparticle composites without thiol protection. The results of our
models and experiments, which will be presented, suggest that the physical and
structural changes that take place during the solvent exchanges of silica gel/gold
nanoparticle composites can be modeled with our modified version of MG theory.

COLL 151
Gold nanocage assembly for selective second harmonic generation imaging

sudarson Sekhar sinha, sudarson.sinha@gmail.com, Avijit Pramanik, Paresh
Ray.Chemistry & Biochemistry, Jackson State University, Jackson, MS 39217, United
States

Optical microscopy has been an important tool in biology for about a century. Here we
report the development of two-photon SHG imaging of live cancer cells selectively by
enhancement of the nonlinear optical response of gold nanocages assemblies.
Experimental results show that values of the first-order microscopic hyperpolarizability 3
can be increased by up to three orders of magnitude by just developing nanopatrticles
self assembly. Theoretical modeling indicates that the field enhancement values for the
nanocage assembly can explain, in part, the enhanced b values. Our experimental data
also shows that the A9 RNA aptamer conjugated gold nanocage assembly can be used
for targeted SHG imaging of the LNCaP prostate cancer cell. Experimental results with
the HaCaT normal skin cell line show that bio-conjugated nanocage-based assemblies
demonstrate SHG imaging that is highly selective and will be able to distinguish
targeted cancer cell lines from other non-targeted cell lines. After optimization, this
reported SHG imaging assay could have enormous application for biology.

COLL 152

Indentation and imprinting by core-shell particles to create nanostructures over
the polymer surface

Keiji Fujimoto, fujimoto@applc.keio.ac.jp, Yuuka Fukui, Hideaki Watanabe, Midori
Nishimura.Department of Applied Chemistry, Keio University, Yokohama, Kanagawa
223-8522, Japan



We developed a facile nano-fabrication method to generate nanostructures by the nano-
indenting and the nano-imprinting of core-shell particles on a polymer surface. The
particle array was achieved by spreading and compressing the particles over the water
surface and transferring the particle monolayer onto the substrate with the LB
technique. Then, heat-treatment of the particle-arrayed substrate was carried out by the
UV irradiation or the incubation in a temperature-controlled incubator. This heat-
treatment caused denting of particles into the substrate without any pressing. Then, this
nanostructured substrate was immersed into ethanol and treated by ultrasonication to
remove the particles from the substrate. Nanoholes were produced and their size and
depth were tunable by controlling particle arrangement and heat-treatment. Next, we
investigated the relation between the annealing temperature and the depth of the
particle denting to elucidate a mechanism of the particle nano-indenting. The height of
bumps, which is the distance from the polymer surface to the top of the particle, was
measured with AFM at different temperatures. With increasing the incubation time at a
constant temperature, the average height gradually decreased and leveled off. The
initial change of the height, which reflects the rate of indenting, became steeper with
increasing the temperature. It is thought that the plastic flow of the polymer substrate
was induced by annealing above its Tg and thereby the arrayed particles could undergo
denting into the substrate through surface deformation. This also suggests that the
gravitational force, which is proportional to the particle mass, and intermolecular forces,
which reflects the affinity between the substrate surface and the particle surface, are
important to determine the shear stress. We hope that the nanostructures generated by
this nano-fabrication method would be applied for advanced materials and devices such
as antireflection film, micro flow channels, biochips and novel tissue cultured substrates.

COLL 153
Polyethyleneimine based ionic liquid colloids

Nurettin Sahiner'?, sahiner71@gmail.com, Sahin Demirci', Nahit Aktas?,
cinar4d9@gmail.com.A (1) Department of Chemistry, Canakkale Onsekiz Mart
University, Canakkale, Canakkale 17100, TurkeyA (2) Nanoscience and Technology
Research and Application Center (NANORAC), Canakkale Onsekiz Mart University,
Canakkale, Canakkale 17100, TurkeyA (3) Chemical Engineering Department,
Yuzuncu Yil University, Van, Van 65080, Turkey

Poliethyleneimine (PEI) particles weresynthesized by using micro emulsion
polimerization/crosslinking method [1]. The synthesized PEI has wide size distribution
and can be modified with different modifying agents such as CH3l and alkyl halide with
different chain length. The modified PEI particles were shown to be applicable in
biomedical field as antibacterial materials, and drug delivery devices. Additionally,
modified PEI particles were anion changed with sodium dicyanamide, sodium
tetrafluoroborate and ammonium hexafluorophosphate to form ionic liquid colloids.
Particle based on PEI were also used as template for in situ metal nanopatrticle
preparations such as Co, Ni, and Cu, and used as catalysis medium for the reduction of



4-nitrophenol (4-NP) to 4-amino phenol (4-AP), and for hydrogen generation from the
hydrolysis of NaBH,.

[1]. Nurettin Sahiner “Preparation of poly(ethylene imine) particles for versatile
applications” Colloids and Surfaces A: Physicochem. Eng. Aspects 433 (2013) 212—
218.

COLL 154

Synthesis and self-assembly of thermosensitive poly (N-vinylcaprolactam)-b-poly
(N-vinyl-2-pyrrolidone) diblock copolymers

Xing Liang, xliang@uab.edu, Veronika Kozlovskaya, Christopher Parker Cox, Yun
Wang, Eugenia Kharlampieva.Department of Chemistry, University of Alabama at
Birmingham, Birmingham, Alabama 35294, United States

Amphiphilic block copolymers capable of self-assembly into various nanoscale
structures are attractive candidates for applications in sensing, controlled delivery and
as nanoreactors. We report on synthesis of temperature-responsive copolymers of
water-soluble poly(vinylcaprolactam) (PVCL) and poly(vinylpyrrolidone) (PVPON) blocks
and their assembly into temperature-sensitive nanostructures in agueous solutions. The
PVCL-block-PVON copolymers were synthesized by RAFT polymerization. The
copolymers became amphiphilic upon increase in solution temperature due to the
reversible coil-to-globule transition of PVCL blocks. The LCST of the diblock copolymers
ranged from 35 to 43°C depending on PVCL molecular weight and the ratio of PVCL to
PVPON lengths. Remarkably, the PVCL-block-PVPON copolymers underwent
temperature-induced self-assembly into nanostructures of 70 nm to 200 nm in size with
hydrophobic PVCL blocks shielded by hydrophilic PVPON. The effects of the block
lengths ratio, PVCL molecular weight, and the copolymer concentration on the
temperature-triggered formation and disassembly of the nanostructures were examined
by NMR, light scattering, and TEM.

PVCL-6-PVPON

COLL 155



Temperature-responsive behavior of poly(N-vinylcaprolactam) hydrogels in the
presence of Hofmeister anions

Oleksandra Zavgorodnya, ozavgoro@uab.edu, Veronika Kozlovskaya, Xing Liang,
Eugenia Kharlampieva.Department of Chemistry, University of Alabama at Birmingham,
Birmingham, AL 35294, United States

The temperature responsive behavior of hydrogels in the presence of Hofmeister ions
has attracted considerable attention due to their potential applications in drug delivery
and biosensing. We report on the effect of Hofmeister series anions on the phase-
transition and shrinkage/swelling behavior of multilayer-based hydrogels composed of
poly(N-vinylcaprolactam) (PVCL). The PVCL hydrogels were derived from hydrogen-
bonded poly(vinylcaprolactam)-co-(aminopropyl)methacrylamide)/poly(methacrylic acid)
(PVCL/PMAA) multilayer films cross-linked with glutaraldehyde. We found that the
presence of SO4%, H,PO,~ and CI~ decreased the phase transition temperature of
PVCL hydrogel and suppressed its temperature-induced volume transitions due to
decrease in LCST of the polymer. Br had no significant effect on the film properties at
any investigated concentrations. In contrast, hydrogel swelling was increased in the
presence of iodide at high concentration of ions; however, the shrinkage of the film was
steadily decreasing with increasing of I concentration. We believe that our findings
provide new prospects for understanding the effect of Hofmeister anions on confined
thin non-ionic polymeric hydrogels.

COLL 156

Fabrication of close-packed hexagonal self-assembled PS-b-PMMA block
copolymer nanodevice patterns

Dahye Lee!, Idahye@uh.edu, Dmitri Litvinov*?, T. Randall Lee®.A (1) Materials
Engineering, University of Houston, Houston, TX 77204, United StatesA (2) Center for
Integrated Bio and Nano Systems, University of Houston, Houston, TX 77204, United
StatesA (3) Departments of Chemistry and Chemical Engineering and the Texas
Center for Superconductivity, University of Houston, Houston, TX 77204, United States

This presentation describes the fabrication and manipulation of polymeric materials to
produce nanoscale devices. Polystyrene-block-polymethyl methacrylate (PS-b-PMMA)
block copolymer thin films were spin-coated on a silicon wafer substrate. Upon
annealing, the polymer blocks self-assemble on the surface in a hexagonal array, where
the PMMA is within the PS matrix. A helium ion beam was used to degrade the PMMA
polymer, enhancing the pattern on the surface. The PS templates were also
strengthened by the helium ion beam by inducing crosslinking within the film. After
removal of the degraded PMMA, we modified the templates to convert the cylindrical
pores to hexagonal-shaped openings using an Ar" milling process. The resulting thin
films were analyzed by atomic force microscopy (AFM), scanning electron microscopy
(SEM), and optical ellipsometry.



COLL 157

Time-resolved pore expansion upon growth of mesoporous silica nanoparticles
via in situ small-angle X-ray scattering

Cheng-Han Lin?, Zi-Yin Chen?, Yi-Qi Ye?, Yi-Chia Luo®, Kun-Che Kao?, Yi-Hsin Liu®,
frikimo@gmail.com, Chung-Yuan Mou™2.A (1) Department of Chemistry, National
Taiwan University, Taipei, No. 1, Sec. 4, Roosevelt Road 106, Taiwan Republic of
ChinaA (2) Center for Condensed Matters and Sciences, National Taiwan University,
Taipei, No. 1, Sec. 4, Roosevelt Road 106, Taiwan Republic of ChinaA (3) BL23A,
National Synchrotron Radiation Research Center, 010 Hsin-Ann Rd,, Hsinchu 300,
Taiwan Republic of China

Pore-expanded mesoporous silica hanoparticles (MSNs) have demonstrated promising
applications for imaging, catalysis, sensing, and drug and enzyme delivery due to
distinct biocompatible and biodegradable advantages. However, previous formation
mechanism for MSNs without a swelling agent may not explain a similar pathway for
pore-expanded MSNs due to additional molecule interactions during cooperative self-
assemblies. Our recent data reveal slower nucleation and growth rates for the pore-
expanded MSNSs in which manipulation of morphologies

and pore sizes via composition formulas is highly possible in a facile colloidal synthesis.
We employ X-ray scattering technique

to understand such important formation variations upon pore expansion and



morphology tailoring that can apply additional benefits toward loading and catalytic
efficiencies toward biomedical applications.

COLL 158
Adsorption of energy-relevant gases by nanoporous ZIF-8 films

Andrew M. Cerro, acerro@sandiego.edu, Amber M. Mosier, amosier@sandiego.edu,
Aileen Park, Elizabeth R. Webster, Ryan S. Shine, Andres Gomez, Fangyuan Tian,
Lauren Benz.Department of Chemistry and Biochemistry, University of San Diego, San
Diego, CA 92110, United States

The adsorption of energy-relevant gases including carbon dioxide, water, and methanol
by thin nanoporous zeolitic framework (ZIF-8) films has been studied using a
combination of X-ray photoelectron spectroscopy and temperature programmed
reaction spectroscopy. Differences in gas uptake, binding location, and desorption
activation energies are determined by examining the interaction of these gases with
supported nanopatrticle films. For example, we demonstrate how the hydrophobic nature
of the films prevents water from adsorbing within the pore structure under low
pressure/temperature conditions, while carbon dioxide is readily adsorbed. These
results highlight the role that surface science techniques can play in uncovering
properties of complex porous materials.

COLL 159

Interfacial tension of complex coacervated mussel adhesive protein according to
the Hofmeister series

Seonghye Lim, Dustin Moon, Jeong Hyun Seo, Hyo Jeong Kim, khjkye@postech.ac.kr,
In Seok Kang, HyungJoon Cha.Department of Chemical Engineering, Pohang
University of Science and Technology, Pohang, Gyeongbuk 790-784, Republic of Korea

Complex coacervation is a liquid-liquid phase separation in a colloidal system of two
oppositely charged polyelectrolytes. The interfacial tension of the coacervate phase is
the key parameter for micelle formation and interactions with the encapsulating material.
However, the relationship between interfacial tensions and various salt solutions is
poorly understood in complex coacervation. In the present work, the complex
coacervate dynamics of recombinant mussel adhesive protein (MAP) with hyaluronic
acid (HA) were determined in the presence of Hofmeister series salt ions. Using
measurements of absorbance, hydrodynamic diameter, capillary force, and receding
contact angle in the bulk phase, the interfacial tensions of complex coacervated
MAP/HA were determined to be 0.236, 0.256, and 0.287 mN/m in NaHCOO, NacCl, and
NaNO3 solutions, respectively. The sequences of interfacial tensions and contact
angles of the complex coaceravates in the presence of three sodium salts with different
anions were found to follow the Hofmeister ordering. The tendency of interfacial tension
between the coacervate and dilute phases in the presence of different types of



Hofmeister salt ions could provide a better understanding of Hofmeister effects on
complex coacervated materials based on the protein-polysaccharide system. This
information can also be utilized for microencapsulation and adsorption by controlling
intramolecular interactions. In addition, the injection molding dynamics of mussel byssus
formation was potentially explained based on the measured interfacial tension of
coacervated MAP.

COLL 160
Robust amine-terminated self-assembled monolayers on evaporated gold

Han Ju Lee, hlee32@uh.edu, T. Randall Lee.Departments of Chemistry and Chemical
Engineering and the Texas Center for Superconductivity, University of Houston,
Houston, Texas 77204-5003, United States

Four distinct bidentate adsorbates having either ammonium or Boc-protected amino
termini, and either dimethanethiol or diethanethioate headgroups, were designed and
synthesized to form thermally stable amine-terminated self-assembled monolayer
(SAM) films on evaporated gold surfaces. These specialty adsorbates utilized a phenyl-
based headgroup with hexadecyloxy chains positioning the amino functionality away
from the surface of gold; specifically, the adsorbates were (i) 5-(16-
aminohexadecyloxy)-1,3-phenylene)dimethanethiol hydrochloride (AHPDT), (ii) S,S'-(5-
(16-aminohexadecyloxy)-1,3-phenylene)bis(methylene) diethanethioate hydrochloride
(AHPDTA), (iii) tert-butyl 16-(3,5-bis(mercaptomethyl)phenoxy)hexadecylcarbamate
(Boc-AHPDT), and (iv) S,S'-(5-(16-(tert-butoxycarbonylamino)hexadecyloxy)-1,3-
phenylene)bis(methylene) diethanethioate) (Boc-AHPDTA). The structural features of
the SAMs were characterized by ellipsometry, X-ray photoelectron spectroscopy (XPS),
and polarization modulation infrared reflection absorption spectroscopy (PM-IRRAS).
Solution-phase thermal desorption tests were performed to evaluate the thermal stability
of the films.
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Alkyl-capped partially fluorinated alkanethiols: Unique adsorbates for generating
self-assembled monolayers on gold



Oussama Zenasni, Maria D Marquez, mdmarquez2@uh.edu, T Randall
Lee.Departments of Chemistry and Chemical Engineering and the Texas Center for
Superconductivity, University of Houston, Houston, TX 77204-5003, United States

Abstract: The interfacial properties of monolayer films formed from w-alkylated partially
perfluorinated alkanethiols adsorbed on gold are described. These films were
investigated to shed light on the overall influence of the dipole residing at hydrocarbon-
fluorocarbon (HC—FC) junction. Wettability studies using contact angle goniometry
revealed the interfacial energies for these fluorinated self-assembled monolayers
(FSAMSs), while polarization modulation infrared reflection-absorption spectroscopy (PM-
IRRAS) studies suggested the packing densities of the adsorbed chains and the
alignment of the terminal alkyl moiety within these films. The films were also
characterized using optical ellipsometry and X-ray photoelectron spectroscopy (XPS).

Keywords: FluorinatedSelf-Assembled Monolayers (FSAMs), Alkyl-terminated
Fluoroalkanethiols, Gold, Wettability, Odd-Even Effects.

COLL 162

Effect of shape and crystallinity on magnetic properties of FesO,4 nanocubes and
nanospheres

Arati G. Kolhatkar!, akolhatkar@uh.edu, Chamath Dannongoda®, Ivan Nekrashevich?,
Irene Rusakova®, Karen Martirosyan®, Dmitri Litvinov'?*, Richard C. Willson®, T.
Randall Lee'.A (1) Department of Chemistry and Texas Center for Superconductivity,
University of Houston, Houston, TX 77204, United StatesA (2) Department of Electrical
and Computer Engineering, Univerity of Houston, Houston, TX 77204, United StatesA
(3) Department of Physics and Texas Center for Superconductivity, University of
Houston, Houston, TX 77204, United StatesA (4) Department of Chemical and
Biomolecular Engineering, University of Houston, Houston, TX 77204, United StatesA
(5) Department of Physics and Astronomy, University of Texas at Brownsuville,
Brownsville, TX 78520, United States

We synthesized monocrystalline Fe3O,4 nanocubes and polycrystalline nanospheres
with tunable body diagonals and diameters via solvothermal and thermal decomposition
reactions. The dimensions of the spherical MNPs were tuned to obtain samples such
that (i) for one set of spherical MNPs, the volume was equivalent to that of a targeted
cubic MNP volume, and (ii) for a second set of spherical MNPs, the diameter was
equivalent to the body diagonal of a

targeted batch of cubic MNPs. We used the vibrating sample magnetometer (VSM) to
compare the magnetic properties of the synthesized spherical and cubic Fe304, MNPs
on a volume

and diameter/body diagonal basis. As compared to the polycrystalline nanospheres,
higher saturation magnetization for monocrystalline nanocubes make them more
attractive for biosensing applications. Our nanocubes also have a significantly higher
coercivity as compared to their nanospherical counterparts of same volume or same



diameter, which makes them more suitable for hyperthermia applications. We
demonstrate that both shape and crystallinity are important parameters that we can use
to manipulate nanoscale magnetism in Fe3O4 MNPs in order to tailor them for a
particular application.

COLL 163

Functionalized gold nanoshells with thermally-labile linkers for controlled drug
release

Chien-Hung Li, chienhung25@hotmail.com, T Randall Lee.Departments of Chemistry
and Chemical Engineering and the Texas Center for Superconductivity, University of
Houston, Houston, Tx 77004, United States

Gold nanoshells in various forms continue to garner attention due to their potential use
in biomedicine for photothermal therapies. This presentation describes the incorporation
of a thermally-labile Diels-Alder linker in custom-designed monodentate and bidentate
thiol-based adsorbates, which were used to functionalize the surfaces of gold
nanoshells. The thiol moieties readily formed sulfur-gold bonds on the surface of the
nanoshells, allowing the attached model drug to reside at the outer interface of the
resulting self-assembled monolayer films. Since the retro-Diels-Alder reaction occurs at
a temperature slightly above physiologic temperature, drug release was initiated by
exposure to near-infrared (NIR) laser radiation, which caused local heating on the
surface of the gold nanoshells via excitation of the surface plasmon resonance. The
functionalized gold nanoshells were characterized by scanning electron microscopy
(SEM), transmission electron microscopy (TEM), energy-dispersive X-ray spectroscopy
(EDX), X-ray photoelectron spectroscopy (XPS), and UV-vis spectroscopy.

COLL 164
Gene silencing with functionalized gold nanoshells using click chemistry

Amin Shakiba', ashakiba@uh.edu, Preethi Gunaratne?, T.Randall Lee*.A (1)
Departments of Chemistry and Chemical Engineering and the Texas Center for
Superconductivity, University of Houston, Houston, Texas 77204-5003, United StatesA
(2) Department of Biology and Biochemistry, University of Houston, Houston, Texas
77204-5001, United States

Functionalized gold nanoshells (AuNSs) are frequently cited as potential carriers for the
targeted delivery of drugs to cancer cells. Prior research by our team has produced
several multidentate adsorbate structures that provide a means of both stabilizing and
modifying these AuNSs. In the present study, click chemistry was used in conjunction
with a short-chain dithiol surfactant to attach functional groups and/or model drugs on
these surfaces. Upon binding to gold, azide groups on the end of the surfactant are
covalently bound to a succinimide-terminated linker via an azide- alkyne [3+2]
cycloaddition reaction. Cysteine-based peptides are then attached to the succinimide-



terminated surfactant, followed by loading with small interfering RNA (SiRNA);
consequently, the oligonucleotides temporarily bind to these surfaces by electrostatic
interaction and can subsequently be released upon exposure to thermal energy
generated upon exposure of the gold nanoshells to near-infrared (NIR) light.

Keywords: Gold Nanoshells, Bidentate Adsorbates, Click Chemistry, Small Interfering
RNA (siRNA)
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Synthesis of unique adsorbates for the preparation of self-assembled monolayers
having an inverted surface dipole

Oussama Zenasni, zenashi_sam@hotmail.com, Maria D. Marquez, T. Randall
Lee.Departments of Chemistry and Chemical Engineering and the Texas Center for
Superconductivity, University of Houston, Houston, TX 77204, United States

This presentation describes the synthesis of unique partially fluorinated alkanethiol
adsorbates and the characterization of their associated thin films on gold. These
fluorinated self-assembled monolayers (FSAMS) utilize a new class of fluorinated
amphiphile that offers an inverted HC—FC dipole at the film interface. This study
compares the properties of these films to an analogous series of CF3z-terminated SAMs
of comparable film thickness formed from terminally fluorinated thiols of the form
CF3(CH3)nSH (F1HNSH, where n = 16-19), and to CH3-terminated SAMs formed from
H(CH3,)mSH, where m = 17-20 (HmSH). The properties of these films were
characterized using optical ellipsometry, contact angle goniometry, polarization
modulation infrared reflection-absorption spectroscopy (PM-IRRAS), and X-ray
photoelectron spectroscopy (XPS).

Keywords: FluorinatedSelf-Assembled Monolayers (FSAMs), Fluoroalkanethiols, Gold,
Wettability, Surface Dipole.

COLL 166
Photothermal destruction of Enterococcus faecalis using gold nanoshells

Orawan Khantamat, okhantamat@uh.edu, Chengzhi Cai, T Randall Lee.Departments
of Chemistry and Chemical Engineering and the Texas Center for Superconductivity,
University of Houston, Houston, Texas 77204-5003, United States

Enterococcus faecalis causes nosocomial infections, including catheter-associated UTI,
central line-associated bloodstream infection, and surgical site infections. It is one of the
most antibiotic-resistant bacteria in existence. Innovative approaches are required to
limit the exposure to and proliferation of this organism. One possible method involves
the use of gold nanoshells, which are biologically inert at physiologic temperature and
can be engineered for photothermal ablation of cells and tissues. In this study, gold



nanoshells were prepared and attached to model catheter surfaces, which were then
subjected to E. faecalis growth. The properties of the gold nanoshells were
characterized by scanning electron microscope (SEM), dynamic light scattering (DLS),
and X-ray photoelectron spectroscopy (XPS). The bacterial survival studies were
conducted on modified surfaces under near-infrared (NIR) irradiation using a colony-
formation assay. These studies demonstrate that gold nanoshell-modified surfaces,
when illuminated with NIR light, can effectively kill E. faecalis. These findings should
prove useful in future applications involving medical devices.

Keywords: Gold Nanoshells, Photothermal Effect, Enterococcus faecalis.
COLL 167
Thermally-responsive PNIPAM-coated pocket nanoparticles

Chulsoon Park!, ppccss0426@gmail.com, David Shakarisaz®, Paul Ruchhoeft®, T
Randall Lee'.A (1) Department of chemistry, University of Houston, Houston, TX-Texas
77204, United StatesA (2) Department of Electrical and Computer Engineering,
University of Houston, Houston, TX-Texas 77204, United States

This presentation describes the synthesis of our surface polymerization initiator, the
production process for creating pocket nanoparticles, and the successful coating of the
resulting gold pocket nanoparticles (AuPNPs) with N-isopropylacrylamide (NIPAM). We
synthesized the framework of the initiator using 4.4'-azobis(4-cyanovaleric acid) and
1,6-hexanedithiol, attaching poly(ethylene glycol)methyl ether to this assembly using
DCC/DMAP. The AuPNPs were assembled through a layering procedure that involved
spin coating of a sacrificial polymer layer on a silicon wafer, the vapor deposition of
metal layers (e.g., gold and copper), and helium ion beam lithography through a mask
to establish the nanoparticle shape. The polymerization initiator was immobilized on the
resulting AUPNPs by the formation of thiolate bonds to the gold patrticles, and the
hydrogel polymer (PNIPAM) was generated by the radical polymerization of a mixture of
NIPAM monomer, acrylic acid (AAc), and N,N'-methylenebisacrylamide (BIS). The size
and morphology of the resulting PNIPAM-coated AuPNPs were characterized by
scanning electron microscopy (SEM), while the elemental compositions were
characterized by X-ray photoelectron spectroscopy (XPS) and energy-dispersive X-ray
spectroscopy (EDX). The optical properties were evaluated by UV-Vis spectroscopy.
These PNIPAM-coated AuPNPs are promising carriers for drug delivery.

Keywords: Thermally and pH Responsive Hydrogel, Gold Pocket Nanoparticles, lon-
beam Lithography, Drug Delivery.
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Self-assembly and growth of new polyamine-polyphenol conjugates for biological
applications



Ipsita A Banerjee, bispsita@hotmail.com, Kathryn Callahan.Chemistry, Fordham
University, Bronx, New York 10458, United States

In this work, we have prepared nanoassemblies comprised of the polyphenols such as
gallic acid conjugated with a series of natural polyamines. The goal of this work was to
develop a new family of nanoassemblies with potent antioxidant properties. It was
observed that the assembly process was dependent upon not only the type of
polyphenol utilized but also the length of the polyamine moiety. While short chained
polyamine moieties mostly yielded a mix of fibers and vesicular structures, larger
polyamine chains tended to form fibrillar structures. The growth was monitored over a
period of two weeks by both dynamic light scattering as well as by turbidity
measurements. We also examined the thermal properties of the assemblies by
differential scanning calorimetry. Radical scavenging assays were conducted by
standard DPPH as well as FRAP assays at varying concentrations of the
nanoassemblies. Furthermore, we also examined the antimicrobial properties of the
formed nanoassemblies by examining the inhibition of growth of the fungus rhizopus.

COLL 169

Simple macroscopic tailoring of 2D layered hexagonal materials using redox-
liguid exfoliation

Vikram K. Srivastava', vsrivast@utk.edu, Ronald A. Quinlan?, Alexander L. Agapov?,
Kimberly M. Nelson', Alexei P. Sokolov'?, Gajanan S. Bhat*, Jimmy W. Mays'®.A (1)
Department of Chemistry, University of Tennessee, Knoxville, TN 37996, United
StatesA (2) Materials and Power Systems Branch, Naval Surface Warfare Center
Carderock Division, West Bethesda, MD 20817, United StatesA (3) Chemical Sciences
Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, United StatesA (4)
Department of Materials Science and Engineering, University of Tennessee, Knoxuville,
TN 37996, United States

The isolation of monolayer graphene from graphite has spurred development of
exfoliation techniques for producing large quantities of pristine material. The liquid
exfoliation of two-dimensional layered (2-D) powders using ultrasonication has emerged
as a viable technique and can be further exploited to induce chemical reactions by
simply adding reagents. To determine macroscopic effects using a systematic
approach, we employed a simple redox exfoliation process of 2-D hexagonal layered
graphite, molybdenum disulfide, and boron nitride powders. Our method demonstrates
the exfoliation process can allow for production of macroscopically tunable 2-D layered
materials in nearly quantitative yields. Thorough characterization of the exfoliated
products displayed the addition of antioxidants greatly changed chemical, structural,
and solution properties. The presence of certain antioxidants with specific precursor
powders generated organic residues and various absorption characteristics, and as a
result, the properties of the materials were affected at the macroscopic level. The
exploration of reagents added during sonochemical exfoliation could allow for tailoring
of materials with unique macroscopic properties viable in numerous applications



including reinforced polymer composites, electrical devices, lithium—ion capacitors, and
chemical sensing.

COLL 170
Surface modified aggregation of perylene tetracarboxylic diimide derivatives

Ngoc H Vu, Anthony S Ormandy, Dana M Alloway,
dalloway@concord.edu.Department of Physical Science, Concord University, Athens,
WV 24712, United States

Functionalized perylene tetracarboxylic dimide molecules (PTCDI) are a common class
of organic semiconductor molecules of interest as n-type semiconductors. The packing
structure of the molecules depends on the imide functionalization and can affect the
conductivity and absorbance spectra of thin films of these molecules. Fluorescence and
Atomic Force Microscopy results will be presented on the effect of PTCDI alkane tail
length and deposition on unmodified silica surfaces, alkane-modified surfaces, and
surfaces with covalently linked PTCDI molecules as potential nucleation sites.

COLL 171

Architectural effects on surface mechanical properties of polystyrene: Surface
softening and stiffening at different temperatures

Taskin B Karim?, tbkarim@olemiss.edu, Gregory B McKenna®.A (1) Chemical )
Engineering, University of Mississippi, Oxford, Mississippi 38677, United StatesA (2)
Chemical Engineering, Texas tech University, Lubbock, Texas (TX) 79415, United
States

In the present work, we have used the particle embedment technique [1] with sub-
micron and nanometer size particles to study the effect of architecture on surface
mechanical properties of polystyrene (PS). To accomplish this, we have explored the
surface mechanical responses of a linear polystyrene (PS), a 3-arm star PS, and an 8-
arm star PS emphasizing the range of temperature from T¢4— 10 °Cto T4+ 10 °C. The
embedment of the particles was determined using atomic force microscopy (AFM)
measurements and the embedment data was used in the Lee and Radok (LR) [2] model
to estimate the surface shear compliances. The work of adhesion between
submicron/nano particles and the polymer surface was considered as the driving force
for particle embedment. We observed both surface softening and stiffening for the linear
PS and 3-arm star PS for the studied temperature range. However, surface softening
was observed at all temperatures in this study for the 8-arm star PS.

COLL 172

Dihydrorhodamine-123 as a sensitive indicator of oxidation caused by aqueous
nano-Cg Suspensions



Rangika S Hikkaduwa Koralege®, rangika@okstate.edu, Befrika Murdianti?, Martha E
Hilburn', Randall D Maples®, Kevin D Ausman®.A (1) Chemistry, Oklahoma State
University, Stillwater, OK 74074, United StatesA (2) Department of Chemistry,
University of the Ozarks, Clarksville, AR 72830, United StatesA (3) Department of
Science & Mathematics, Eastern Oklahoma State College, Wilburton, OK 74578, United
States

Due to wide spread applications and commercializations of fullerene (Cgo) systems,
both human and environmental systems become increasingly exposed to these
materials. As a result there is concern of the biological and environmental effects of
these systems. Even though fullerene has negligible solubility in water, the ability to
form stable aqueous Cgp colloids (known as nano-Cgo or nCgp) and the availability of
these in natural systems at environmentally-relevant concentrations led to the studies of
its toxicity. Previous studies have indicated that fullerene in colloidal form can induce
oxidative stress in living systems. This research is focusing on the oxidation caused by
fullerene colloidal suspensions. Stable aqueous fullerene colloidal suspensions are
demonstrated to rely on the [6,6]-closed epoxide derivative of the fullerene (CgO) for
stability and this derivative is present in small quantities in nearly all nCgo preparations
due to a reaction with air. Presence of Cg,O in these colloidal suspensions considered
to have increased ability of oxidation. For this work nCeo samples prepared by
enrichment of Cg,O in the colloidal particles and regular nCg preparations have been
used as a comparative study to monitor oxidation. Fluorescent assays for monitoring
oxidative behavior of these suspensions with the probe molecule dihydrorhodamine-123
(DHR123) as the indicator of oxidation have been investigated.

COLL 173

Aggregation behaviors of Gemini cationic surfactants in alkylammonium nitrate
protic ionic liquids

Qintang Li, Xudong Wang, Xiao Chen, xchen@sdu.edu.cn.Key Laboratory of Colloid
and Interface Chemistry, Shandong University, Jinan, Shandong 250100, China

The aggregation behaviors of a series of symmetric and dissymmetric cationic Gemini
surfactants, [CnH2m+1(CH3)2N-(CH2)2-N(CH3).CH2n+1]Br2, designated as m-2-n (m =n
with m =10, 12, 14; or m # n with a fixed m + n =24, m = 16, 14, 12) have been
investigated in three protic ionic liquids, ethyl-, propyl- and butyl-ammonium nitrates
(EAN, PAN and BAN). Surface tension, polarized optical microscopy (POM), small-
angle X-ray scattering (SAXS), and rheological measurements were adopted to
investigate the micellization and lyotropic liquid crystal (LLC) formation. Compared to
LLCs formed in aqueous environment, the normal hexagonal (H,) and lamellar (La)
phases are found to disappear with a new reverse hexagonal (H,) phase instead in
EAN. The structure dissymmetry plays an important role in aggregation process of m-2-
n. With increasing degree of dissymmetry, the critical micellization concentration, the
maximum reduction of solvent surface tension, and the minimum area occupied per
surfactant molecule at the air/EAN interface all become smaller. The thermostability of



formed LLCs is therefore improved because of the more compact molecules. These
characteristics can be explained by the enhancement of solvophobic effect due to the
increased structure dissymmetry of Gemini surfactants. In PAN and BAN, however, their
better hydrocarbon solubility due to longer chain length and penetration capability into
the space between surfactants will induce the formation of aggregates with lower critical
packing parameter, H, and the biscontinuous cubic phase (V)) in 12-2-12/PAN, H,, V,
and La in 12-2-12/BAN systems.
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COLL 174
Self-assembled structures of amphiphilic asymmetric molecular brushes

Hanying Luo, hluo7@jhu.edu, Jose L Santos, Margarita Herrera-Alonso.Materials
Science and Engineering, Johns Hopkins University, Baltimore, Maryland 21218, United
States

We report on a variety of self-assembled structures obtained by a combination of the
amphiphilic character of a series of PLA/PEG-grafted molecular brushes and the
assembly method. Amphiphilic asymmetric macromolecular brushes with both
hydrophobic and hydrophilic side chains attached to each repeat unit of the backbone
were synthesized by combining “graft from” and “graft on” strategies. Poly(D,L-lactide)
(PLA) and poly(ethylene glycol) (PEG) were grafted onto a derivatized poly(glycidyl
methacrylate) backbone by ring-opening polymerization and “click” chemistry. Brush
hydrophilic ratio, expressed in terms of the weight fraction of PEG (WPEG), was varied
by adjusting the length of the PLA block. Self- assembly of brush amphiphiles was
accomplished by: (1) rapid mixing against a non-solvent for the PLA block and, (2)
following the dialysis method. The morphological transitions of amphiphilic molecular
brushes were shown to parallel those of linear diblock amphiphiles. More importantly,
we report on the first known example of toroid formation from the self-assembly of
molecular brush amphiphiles and the molecular and process parameters involved in
their formation. Lastly, we demonstrate how the assemblies formed under rapid
assembly conditions were distinct from equilibrium structures.
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Figure 1. Structure {left) and transmission electron micrographs of aggregate
maorphologies (right) of amphiphilic branched brush copolymers, prepared by a
rapid mixing process (top row) and by dialysis (bottom row]. Differences in
aggregate structure reflect the molecular characteristics of the block copalymers,
with decreasing hydrophilic content from left to right, as well as the effect of
processing conditions

COLL 175

Dynamic observation of cell adhesion behaviors on binary self-assembled
monolayers modified gold surfaces with tunable surface potential

Wei-Lun Kao, leokaol101@gmail.com, Jing-Jong Shyue.RCAS, Academia Sinca,
Taipei, Taiwan Republic of China

Cell adhesion is crucial to cell behaviors including survival, growth and differentiation. In
recent years, cell behaviors on the artificial bio-surfaces have gained great attention in
medical and bio-material studies. In these studies, optical microscope (OM) based
observations are the most common methods to study the cell behaviors. However,
optical information has its limitation on evaluating cell-surface interactions. Thus, to get
further knowledge on cell adhesion process, quartz crystal microbalance with
dissipation monitor (QCM-D) can be applied to examine the real-time viscoelastic
changes of cell-surface interactions. Self-assembled monolayers (SAM) are known for
its convenience and versatile to modify surface. To achieve subtle control of surface
properties, two functional groups are introduced to gold surface, namely 6-amino-1-
hexanethiol and 6-mercaptohexanoic acid, and a series of zeta potential can be
obtained with different ratios of functional groups on the gold surfaces. HEK-293T cells
were then cultured on the binary-SAM modified gold-coating quartz crystal in the QCM-
D window chamber at 37 degree-C. Simultaneously, OM with differential interference
contrast prism was used to obtain time-lapse images for observing the change in cell
morphology. In addition, after 4-hour in situ examination of cell attachment, cells were
fixed by glutaraldehyde and then dehydrated with a critical point dryer. The specimens
were observed by a scanning electric microscope (SEM) in low vacuum mode without
conductive over-coat to investigate finer features. The QCM-D results show that with
stronger positive potential, less mass and looser structure were observed. Moreover,



more cells were attached on the positive potential surface than negative ones and
insignificant difference was observed between surfaces of negative potential.
Furthermore, flattener and dendritic cell morphology are observed with stronger positive
surface potential.

COLL 176
Effect of surface potential on cell adhesion and proliferation

Yu-Ting Kuo, r01527011@ntu.edu.tw.Research center of applied science, Academia
Sinica, Taipei, Taiwan 11529, Taiwan Republic of China

Surface properties are known to be one of the key factors in cell adhesion and
proliferation because eukaryotic cells have to adhere through the extra-cellular matrix to
function properly. Using a homogeneously mixed amine and thiol functional group on
self-assembled monolayers (SAMs) anchored on glass, surfaces with a series of zeta
potential from about +30 to -150 mV at pH 7.4 are obtained. Furthermore, it is found that
amine and thiol SAMs on glass poses low cytotoxicity. Thus, this binary-SAM modified
glass is ideal for studying the effect of surface potential on cell behaviors including
adhesion and proliferation. The surface chemical composition of binary SAM is
guantified using x-ray photoelectron spectroscopy (XPS) and the actual zeta potential of
surfaces in physiological condition is measured with an electro-kinetic analyzer. NIH3T3
cells are chosen to culture on these binary-SAM modified glass and incubated for
several different time period. The coverage and shape of cells adhered to surfaces of
various potential are examined by fluorescence optical microscopy and scanning
electron microscopy. It is expected that the positive surface potential promotes cell
adhesion and proliferation until contact inhibition occurred.

COLL 177

Platinum drug loaded holmium iron garnet nanoparticles enhance combination
chemotherapy and radiation therapy

Imalka Munaweera®', msm110020@utdallas.edu, Shi Yi?, Anthony J Di Pasqua?,
Kenneth J Balkus Jr.>.A (1) Department of Chemistry and the Alan G. MacDiarmid
Nanotech Institute, University of Texas at Dallas, Richardson, Texas 75080, United
StatesA (2) University of North Texas System College of Pharmacy, University of North
Texas Health Science Center, Fort Worth, Texas 76107, United States

There is strong interest in radioactive **®holmium nanoparticles in radiation therapy for
the treatment of cancer. The preparation of lipid coated/uncoated platinum drug loaded
%holmium iron garnet magnetic nanoparticles will be described. These nanoparticles
were explored as a carrier material for the stable isotope ***Ho and, after neutron
capture, its subsequent therapeutic radionuclide, **®*Ho (half-life, 26.8 h), for use in
radionuclide therapy of cancer. The initial materials were characterized using PXRD,
SEM, EDX, TEM, ICP-MS, Zeta potential measurements and neutron activation.



Stability, dilution studies and cells studies of neutron activated lipid coated/uncoated
platinum drug loaded nanoparticles confirm the biocompatibility of the prepared
materials.

COLL 178
Synthetic routes to highly active nickel phosphide hydrotreating catalysts

Andrea I. d'Aquino, mark.bussell@wwu.edu, Boris llic, Richard H. Bowker, Mark E.
Bussell.Department of Chemistry, Western Washington University, Bellingham, WA
98225, United States

This project focuses on the development of nickel phosphide catalysts for the
hydrodesulfurization (HDS) and hydrodenitrogenation (HDN) of crude oil feedstocks.
Molybdenum disulfide (M0S,) based catalysts are currently used in the petroleum
industry for removing heteroatom impurities, but more efficient catalysts are needed in
order to meet increasingly strict environmental standards. In this research, new
methods for synthesizing nickel phosphide (Ni,P/SiO,) catalysts have been
investigated. The catalysts were synthesized via incipient wetness impregnation
followed by temperature programmed reduction (TPR) in flowing hydrogen. Several
synthetic routes were explored by varying the nickel salt, the phosphorus source, the pH
of the impregnation solution, the precursor pretreatment (e.g. calcination) and the
reduction conditions. The resulting nickel phosphide catalysts were characterized using
X-ray diffraction to determine phase purities and average crystallite sizes. CO and O
chemisorption were used to estimate the number of active sites, and the BET method
was used to determine catalyst surface areas. The observed trends in Ni,P crystallite
size and chemisorption capacities will be discussed and related to the Ni,P/SiO,
synthesis method.

COLL 179
Extreme thixotropic behavior in pH-responsive gels of metal oxide nanoparticles

Javen S Weston, javen@ou.edu, Jeffrey H Harwell, Daniel E Resasco, Chandler
Osbourne.Chemical, Biological, and Materials Engineering, University of Oklahoma,
Norman, Oklahoma 73019, United States

A gelation phenomena has been observed in systems of two different fumed metal
oxide nanoparticles that will form an extremely viscous thixotropic gel when mixed
together in agueous solutions. The thixotropic gels are formed only within certain pH
ranges and at certain particle ratios. These gels form at relatively low concentrations of
solids; between 1.5-2.5 vol%. It is currently theorized that these gels only form when the
pH is between the two particle types' isoelectric points (also known as the point of zero
charge or PZC), so that one type of particle has an overall positive charge and the other
type of particles has an overall negative charge. The gels are broken when either
particle crosses its PZC and switches its overall surface charge, creating a nanoparticle



dispersion that behaves much like a dispersion of only a single type of nanoparticle at
that total concentration and a viscosity very close to that of water. These gels form at
relatively low volume percent solids, as low as 1.75 vol%, and have extremely short
time constants for relaxation back from the liquid state to the gel state.

The gels are stable against settling and do not flow under gravitational forces, behaving
as a pseudo-solid under low stress conditions. Above a certain stress-level, however,
the nanopatrticle network is broken and the fluid's viscosity drops dramatically from its
pseudo-solid state to a viscosity near that of water, i.e. between 1-10 cP. The gels'
visco-elastic behavior can also responds to relatively small changes in solution pH,
allowing for external control of the fluid's rheological properties via acid or base titration.
The region of gelation can also be controlled by varying the type of metal oxide
nanoparticles, nanoparticle size, size ratio, and solids concentration.

COLL 180

Sacrificial agents for preventing ionic and nonionic surfactant adsorption on
metal oxides

Javen S Weston, javen@ou.edu, Jeffrey H Harwell, Mahfuz Kabir.Chemical, Biological,
and Materials Engineering, University of Oklahoma, Norman, Oklahoma 73019, United
States

Surfactant adsorption on metal oxides is extremely important for a variety of practical
applications from detergency to surfactant-aided environmental remediationto industrial
materials processing. In this study, the adsorption of ionic and nontionic surfactants was
measured on high-surface area silica and alumina nanopatrticles. After characterizing
the adsorption behavior for the surfactant-only systems and creating adsorption
isotherms, solutions were made with varying concentrations of surfactant and varying
mass ratios of different sacrificial polymers. Polystyrene sulfonate (PSS) and Polydiallyl
dimethyl ammonium chloride (DADMAC) were tested as potential sacrificial agents on
alumina and silica, respectively. Each surfactant/polymer system
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was allowed to reach an equilibrium adsorption on the same high surface area metal
oxide that was used in creating the adsorption isotherm. The equilibrium concentrations
of the surfactants were measured and surfactant adsorption as a function of polymer
concentration were determined. This data was then analyzed in order to determine
what, if any, effect the proposed sacrificial agent had on the equilibrium adsorption.
Results indicate that both of these polymers can have a large effect on total surfactant
adsorption.

COLL 181

Self-assembly of 16-[3, 5-bis(mercaptomethyl)phenoxy]hexadecanoic acid on
Au(111) studied with atomic force microscopy

Xianglin Zhai*, xzhail@lsu.edu, Han Ju Lee? T Randall Lee? Jayne C Garno'.A (1)
Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, United
StatesA (2) Department of Chemistry, University of Houston, Houston, TX 77204,
United States

Although detailed investigations of monothiolated self-assembled monolayers (SAMs)
have been reported, there are few studies for films of bidentate or tridentate thiol
adsorbates. In comparison to monothiol SAMs, bulkier multidentate adsorbates should
exhibit differences for the kinetics, stability and surface organization. Results for atomic
force microscopy (AFM) studies of a bidentate adsorbate will be disclosed. Scanning
probe-based nanolithography was applied to investigate the surface self-assembly of



16-[3, 5-bis(mercaptomethyl)phenoxy]hexadecanoic acid

Oy, -OH

3.53

in liquid media. The objectives are to obtain molecular-level information of designed
multidentate thiols compared to reference molecules of n-alkanethiols. Approaches with
scanning probe lithography enable side-by-side views of the surface structures,
comparing the film thickness and surface properties. Experiments with AFM were
accomplished in a liquid sample cell, by introducing fresh reagents to the system for in-
situ studies. Surface structures comprised of multidentate adsorbates were inscribed
within a matrix SAM by applying force to the AFM probe to graft nanopatterns.
Returning to a low force for imaging, the step-wise surface changes before and after
nanofabrication were captured with time-lapse AFM imaging. Nanoshaving and



nanografting protocols were used to investigate the orientation of adsorbed molecules.
Since the dimensions of n-alkanethiols are well-known, the thickness of the multidentate
film was evaluated by referencing the heights of n-alkanethiols as an in situ molecular
ruler. Multidentate adsorbates attach to surface through multiple linkers which should
provide enhanced stability compared to monothiolated SAMs.

COLL 182
Unique bonding properties of the Au36(SR)24 nanocluster with FCC-like core

Daniel M Chevrier', Amares Chatt', Peng Zhang', peng.zhang@dal.ca, Chenjie Zeng?,
Rongchao Jin>.A (1) Department of Chemistry, Dalhousie University, Halifax, Nova
Scotia B3H4R2, CanadaA (2) Department of Chemistry, Carnegie Mellon University,
Pittsburg, Pennsylvania 15213, United States

The recent discovery on the total structure of Auszs(SR)24, Which was converted from
biicosahedral Auss(SR)24, represents a surprising finding of a face-centered cubic
(FCC)-like core structure in small gold-thiolate nanoclusters. Prior to this finding, the
FCC feature was only expected for larger (nano)crystalline gold. Herein, we report
results on the unique bonding properties ofAuzs(SR)24 that are associated with its FCC-
like core structure. Temperature-dependent X-ray absorption spectroscopy (XAS)
measurements at the Au L3-edge, in association with ab initio calculations, show that
the local structure and electronic behavior of Auss(SR)24 are of more molecule-like
nature, whereas its icosahedral counterparts such as Auzg(SR)24 and Au,s(SR)1s are
more metal-like. Moreover, site-specific S K-edge XAS studies indicate that the bridging
motif for Auss(SR)24 has different bonding behavior from the staple motif from
Ausg(SR)24. Our findings highlight the important role of “pseudo”Aug4 units within the
FCC-like Au28 core in interpreting the bonding properties of Auzs(SR)24 and suggest
that FCC-like structure in gold thiolate nanoclusters should be treated differently from its
bulk counterpart.

COLL 183

Local structure, electronic behavior, and surface reactivity of CO-reduced
platinum-iron oxide nanoparticles

Paul N Duchesne’, Guangxu Chen?, Nanfeng Zheng? Peng Zhang?,
peng.zhang@dal.ca.A (1) Department of Chemistry, Dalhousie University, Halifax,
Nova Scotia BBH4R2, CanadaA (2) State Key Laboratory for Physical Chemistry of
Solid Surfaces, and Department of Chemistry, Xiamen University, Xiamen, Fujian
361005, China

A series of platinum-iron oxide nanoparticles (NPs) was synthesized using a “clean”
CO-reduction method that employed different ratios of Pt:Fe precursor salts in
oleylamine at elevated temperatures. High-resolution transmission electron microscopy
(HRTEM) and energy-dispersive X-ray spectroscopy (EDS) studies revealed that nearly



monodisperse NPs with mean diameters of 3.5-4.4 nm and varied elemental
compositions (PtsaFess , PtzoFeso, and Ptg;Fe13) were obtained. X-ray absorption near
edge structure (XANES) and extended X-ray absorption fine structure (EXAFS)
measurements at Pt L3- and Fe K-edge revealed that these NPs all consisted of a Pt
core with amorphous iron oxide on the surface. Furthermore, it was observed that the
local structure (e.g. Pt-Pt bond distance and coordination number) and electronic
behavior of the NPs (e.g. Pt d-electron density and Fe valence state) are dependent on
the Pt:Fe precursor ratios used in their synthesis. Quantum mechanical ab initio
calculations were employed to interpret the results from X-ray spectroscopy and help
elucidate the relationships between local structure and electronic properties in the NP
samples. Finally, the surface reactivity of these NPs in the oxygen reduction reaction
(ORR) was explored, demonstrating higher electrocatalytic activity for all the three
platinum-iron oxide samples in comparison with a commercial Pt catalyst. The surface
reactivity was also found to be sensitive to the Pt:Fe ratios of the NPs, and could be
correlated with their local structure and electronic behavior.

COLL 184

Williamson ether-type reaction of hydroxyl-terminated GaP(111)B surfaces with
alkyl and benzyl bromides characterized by X-ray photoelectron and infrared
spectroscopy

Elizabeth S Brown, esbrow@umich.edu, Sabrina L Peczonczyk, Stephen
Maldonado.Department of Chemistry, University of Michigan, Ann Arbor, Ml 48109,
United States

Gallium phosphide (GaP) is an important optoelectronic material for light emitting diodes
and solar powered generation of chemical fuels due to its good carrier mobilities and
midsized bandgap (2.26 eV). The native oxide creates surface states that serve as trap
sites which facilitate charge recombination. Functionalization of the surface with
covalently bound organic molecules can slow oxide formation and reduce trap sites.
Though functionalization strategies have been outlined previously on GaP(100) and
GaP(111)A, no work has been done towards investigating functionalization routes of the
phosphorus-rich GaP(111)B surface. Presented herein is a strategy of functionalization
of a hydroxyl-terminated GaP(111)B with alkyl and benzyl bromides, following a
Williamson ether-type reaction. The reaction was monitored by X-ray photoelectron and
grazing-angle attenuated total reflectance spectroscopies. Non-nucleophilic bases
promoted the reaction, providing surfaces with increased hydrophobicity and higher
monolayer coverage. Quantum yield of modified electrodes was measured with sub-
band gap wavelengths to semi-quantitatively evaluate the population of surface states.
This versatile reaction strategy exhibits control over the electrochemical behavior of
GaP electrodes by introducing well-ordered, covalently bound organic molecules to the
surface that impart a reduction in deleterious surface states.

COLL 185



Interfacial electronic structure of CO absorbed on a platinum electrode in
electrochemical environment probed by double resonance sum frequency
generation spectroscopy

Shuo Yang*?, yangshuo0723@163.com, Hidenori Noguchi*?, Kohei Uosaki*?.A (1)
Graduate School of Chemical Science and Engineering, Hokkaido University, Sapporo,
Hokkaido 060-8628, JapanA (2) Global Research Center for Environment and Energy
based on Nanomaterials Science (GREEN), National Institute for Materials Science
(NIMS), Tsukuba, Ibaraki 305-0044, Japan

Absorbed CO on Pt surface has attracted much interest among scientists in surface
science, catalysis, and electrochemistry. Information about oxidation mechanisms of CO
on Pt, which depends on geometric and electronic structures of CO/Pt interface, is
important to design and develop new catalysts for various reactions including H,-O
and direct methanol fuel cells. Small amount of CO present in H, produced from fossil
fuel readily adsorbs on Pt and inhibits H, oxidation. Adsorbed CO is also formed when
Pt is in contact with methanol solution and inhibits the methanol oxidation reaction.
Compared to extensive study on CO/Pt system under ultrahigh vacuum (UHV),
interfacial electronic structure of CO/Pt interface in electrochemical environment is less
understood due to the difficulty in determining it in solution. Accordingly, it is very
important to investigate interfacial electronic structure of CO/Pt under electrochemical
condition. Because of the presence of solution, it is not possible to use techniques with
electron probes, which are most powerful in UHV. Double resonance sum frequency
generation (DR-SFG) spectroscopy, which is a highly surface-sensitive nonlinear optical
technique with the tunable frequencies of both incident fundamental lights, i.e., visible
and IR, can provide information of surface molecular and electronic structures, which is
not obtained by traditional surface vibrational technique. Here, we employed DR-SFG
technique to probe potential-dependent electronic structure of CO/Pt interface in
methanol solution. SFG signal due to C-O stretching was observed and was dependent
on frequency of visible light as a result of the energetic coupling of electronic transition
with the input visible photon and/or output SF photon, i.e., double resonance effect.
Furthermore, resonant visible energy linearly depended on electrode potentials. Thus,
the electronic resonance could be explained by the transition from Fermi energy, Es, of
Pt to the unoccupied 50, anti-bonding state of CO.

COLL 186
Nanowire interactions and their effect on particle dense assemblies

David J Kirby?, djk291@psu.edu, Benjamin D Smith*, Kristen A Fichthorn®*, Allison
Wustrow?, Christine D Keating*.A (1) Department of Chemistry, The Pennsylvania
State University, University Park, PA 16802, United StatesA (2) Department of
Chemical Engineering, The Pennsylvania State University, University Park, PA 16802,
United StatesA (3) Department of Physics, The Pennsylvania State University,
University Park, PA 16802, United States



Asymmetric nanomaterials (i.e. nanowires) have shown promise in energy collection,
energy storage, and sensing platforms. Development of new assembly strategies will
open up a wider range of materials and allow combination of multiple materials in a
single architecture. Using nanoparticle interactions, such as van der Waals and
electrostatics, researchers have created many fascinating new structures. Material and
shape anisotropy complicate these interactions that are well understood for spherical
nanoparticles. The work presented here addresses the assembly of particle dense
arrays of single and multi-segment nanowires 4-8 pum in length and ~300 nm in
diameter. Monte Carlo simulations are used in conjunction with experimental
assemblies to explore the effect of van der Waals interactions on the alignment of
material segments in striped nanowires. Multiple types of materials were examined in
both horizontally and vertically oriented arrays. Planar and lithographically patterned
assembly substrates were used to study the interparticle interactions in bulk particle
assemblies and to isolate and orient small populations.
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Stable supramolecular assemblies from facially amphiphilic oligomers

Krishna R Raghupathi, kreddy.rp@gmail.com, William Rowley, Sankaran
Thayumanavan.Department of Chemistry, University of Massachusetts Amherst,
Ambherst, Massachusetts 01003, United States

Amphiphilic molecules which spontaneously self-assemble into stable supramolecular
aggregates have garnered significant interest due to their applications in drug delivery,
sensing and diagnostics. Amphiphiles with high molecular weights are usually preferred
in most of these applications due to their low critical aggregation concentrations (CAC)
and also due to the improved stability of the aggregates formed from these amphiphiles.



In this work we investigate a class of amphiphilic oligomers which form stable
supramolecular assemblies at low concentrations, akin to high molecular weight
polymeric systems. Since the molecular weights of the oligomers in study are
significantly less than the polymeric systems, we hypothesized that the geometry of
these oligomeric amphiphiles plays a crucial role in dictating the CAC, size and stability
of the aggregates formed. Here we patrticularly study a system which utilizes
intramolecular hydrogen bonding interactions to induce structure and rigidity into the
amphiphile's backbone which therefore changes the geometry of the resultant
amphiphile. We have observed that the assembly characteristics of this hydrogen bond
stabilized amphiphiles vary drastically from their control amphiphiles (no hydrogen bond
stabilization), indicating the important role of amphiphile's geometry in assembly
formation. The structure of the amphiphiles is investigated using NMR spectroscopy,
and the aggregates formed from these amphiphiles are characterized by light scattering
and microscopic technigues.

COLL 188
Infrared and ultraviolet irradiation of gold and silver colloids

Rachel P. Marini, rmarini@msudenver.edu, Michael B. Jacobs.Department of
Chemistry, Metropolitan State University of Denver, Denver, CO 80217, United States

Gold and silver colloid solutions were studied for their potential to absorb radiation. The
gold and silver colloid solutions were synthesized via a citrate reduction. Absorbance
maximums were collected using UV-Vis spectroscopy to estimate the properties of the
colloid solutions. The red color of the gold colloid solution is indicative of a 10 — 20 nm
particle size. This gives rise to an absorption signal at 525 nm. The grey-green colored
silver colloid solution gives rise to an absorption signal at 418 nm. The colloid samples
were irradiated directly using an Infrared bulb and UV (short and long-wave) lamp.
Temperature vs. time was collected for both the gold and silver colloid samples. Both
the gold and silver colloid samples increased linearly compared with the blank. The gold
colloid solution gives rise to the steepest slope indicating a greater absorption of
radiation compared to the silver colloid solution.

COLL 189
Sample stage designed for force modulation microscopy

Lu Lu?, llue@Isu.edu, Song Xu?, Chang-Uk Lee®, Donghui Zhang', Garno Jayne*.A (1)
Chemistry, Louisiana State Univeristy, Baton Rouge, Louisiana 70803, United StatesA
(2) Sonimoto Laboratory, Bloomfield, Michigan 48323, United StatesA (3) Center for
Applied Energy Research, University of Kentucky, Lexington, Kentucky 40506, United
States

A prototype sample stage for force modulation microscopy (FMM) was designed and
tested. Among the modes of atomic force microscopy (AFM), the FMM mode is



commonly used to acquire mechanical properties of samples along with topographical
information. The FMM mode has been particularly useful for investigations with
polymers and organic thin films. To configure a scanning probe microscope for FMM
mode, the scanner is operated in contact-mode while the sample stage is driven to
vibrate. Information of the topography, elastic response and surface adhesion can be
acquired simultaneously. The sample stage design is adaptable for a tip-mounted
scanner. A piezoactuator was embedded within the sample stage, to drive the sample
vibration corresponding to the selected parameters of the alternating current. The FMM
stage was constructed with machined polycarbonate using a coaxial cable connection to
apply current to the actuator element. Several samples were tested using the designed
sample stage, such as octadecyltrichlorosilane nanopatterns, periodic arrays of silane

ring nanostructures prepared on silicon
topography amplitude phase
-— i .

, and a cyclic gel polymer of poly(N-methyl-glycine)q0-b-poly(N-decyl-
glycine)ocontaining fibrils. Successful characterizations were achieved for all three
samples with exquisite nanoscale resolution. The FMM stage enables simple operation
and was capable of obtaining high-resolution topography images at resonant
frequencies. Future plans will be to modify the stage design to accommodate machined
glass components, for accomplishing experiments in solvent media.

COLL 190

Area and capacitance characterization of nickel, cobalt, and nickel-cobalt
electrodeposited thin films

Matthew J Gira™?, hampton@hope.edu, Jennifer R. Hampton*.A (1) Department of
Physics, Hope College, Holland, Michigan 49423, United StatesA (2) Department of
Chemistry, Hope College, Holland, Michigan 49423, United States

Many catalysts in energy production, specifically hydrogen and methanol fuel cells, use
platinum as an effective catalyst. Platinum used in these fuel cells is uneconomical
causing any energy production mechanisms that use platinum to be cost ineffective.
There have been many studies with different combinations of platinum with different
metals such as nickel, copper, iron, and cobalt to lessen the amount of platinum
needed. However, these studies have relied on platinum being in the thin film
electrodes. Through the use of electrodeposition, nickel, cobalt, and nickel-cobalt thin
films were created with controlled potential electrolysis without the need of platinum.



Characterization of these thin film electrodes were done with cyclic voltammetry and
atomic force microscopy. With these methods, the electrochemical area, capacitance,
and roughness factor of each thin film electrode were able to be determined. Correlation
of these data and the significance of these measurements help to determine the
effectiveness that these thin film electrodes could have as catalysts or in other energy
applications.

This material is based upon work supported by the National Science Foundation under
NSF-RUI Grant No. DMR-1104725 and NSF-MRI Grant No. CHE-1126462.

COLL 191
Characterization of electrodeposited and dealloyed NiFeCu thin films

Willie F. Washington™?, hampton@hope.edu, Jennifer R. Hampton'.A (1) Department
of Physics, Hope College, Holland, Michigan 49423, United StatesA (2) Department of
Chemistry, Park University, Parkville, MO 64152, United States

Porous thin films have been of interest due to their increased catalytic activity.
Previously porous films were developed by dealloying binary and ternary alloy systems
using noble metals. This project looked at altering the ratio of Ni+Fe/Cu, a set of less
noble metals, and characterizing the different ratios before and after the dealloying
process. Scanning electron microscopy (SEM) was utilized to examine the surfaces and
energy dispersive spectroscopy (EDS) was used to characterize chemical compaosition.
Deposition was performed with controlled potential electrolysis, dealloying with linear
sweep voltammetry, and capacitance measurements with cyclic voltammetry. Analysis
of EDS data shows that a larger percentage of copper was removed from films with a
high copper concentration. Data also showed that iron tended to remain within the film
while a small amount of nickel was removed when the copper levels were increased.

This material is based upon work supported by the National Science Foundation under
NSF-REU Grant No. PHY/DMR-1004811, NSF-RUI Grant No. DMR-1104725, NSF-MRI
Grant No. CHE-1126462 and NSF-MRI Grant No. CHE-0959282.

COLL 192

Multifunctional Fe3O4 nanoparicle cluster/gold core-shell nanoprobes for high-
performance magnetic resonance and X-ray computed tomography imaging

Lina Wu'?, chemigirl@163.com, Kai Wang*?, Kezheng Wang'?, Xilin Sun'?, Tao
Huang'?, Baozhong Shen?.A (1) Department of Radiology, the 4th Affiliated Hospital
of Harbin Medical University, Harbin, Heilongjiang 150001, ChinaA (2) Key Laboratory
of Molecular Imaging in College of Heilongjiang Province, Harbin Medical University,
Harbin, China



Combinatorial nanoparticles are vigorously developed as promising probes because of
their extensive application in multi-modality imaging which can combine the
complementary strengths of different imaging modalities to enable comprehensive
diagnostic function. Herein, multifunctional Fe3O4 nanoparicle cluster/gold core-shell
nanoprobes with high performance on dual bioimaging of magnetic resonance and X-
ray computed tomography imaging are fabricated by a facile layer-by-layer assembly.
The superparamagnetic Fe;O,4 nanoparicle clusters with a size of around 100 nm were
firstly synthesized by a solvothermal approach. The Au shell was subsequently
nucleation anchoring and growth on Fe3zO4 nanoparicle clusters. The nanoprobes
inherit the excellent physicochemical properties from their building blocks, exhibiting
superparamagnetic property, high saturation magnetization, extensive X-ray attenuation
and near-IR absorption. They show a high performance on the magnetic resonance
imaging and computed tomography imaging simultaneously. The fabricated Fe3O,4
nanoparicle cluster/gold core-shell nanoprobes have great potential as a new type of
multifunctional contrast for diagnostic and therapeutic applications.
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COLL 193
Novel water-based dispersant gels for the treatment of oil spills

Olasehinde G Owoseni', oowoseni@tulane.edu, Jibao G He', Gary McPherson, Vijay
John?, Srinivasa R Raghavan®.A (1) Department of Chemical and Biomolecular
Engineering, Tulane University, New Orleans, Louisiana 70118, United StatesA (2)
Department of Chemical and Biomolecular Engineering, University of Maryland, College
Park, Maryland 20742, United States

Oil spill dispersants are a blend of surfactants in a solvent. While surfactants are the
active ingredients, the solvent aids surfactant transport through the oil layer to the oil-
water interface where it reduces the interfacial tension. Typical dispersants are
formulated with organic solvents such as glycol and light petroleum distillates. However,
there have been concerns over the toxicity of these organic solvents. Here, we seek to
develop a novel dispersant gel formulation with a predominantly water-based solvent.
We show that a gel-like surfactant mesophase is formed upon addition of water to a
micellar solution consisting of an anionic surfactant, sodium bis (2-ethylhexyl)
sulfosuccinate (AOT, DOSS) and zwitterionic surfactant, phosphatidylcholine (lecithin)



in a small amount of paraffin such as isooctane to maintain solubility of the AOT. This
crystalline mesophase consists of nanostructured aqueous and organic domains that
transition from reverse hexagonal at low water content to multilamellar vesicular
structures at high water content as shown by cryo electron microscopy and small angle
neutron scattering. The introduction of nonionic surfactants such as Polysorbate 80
(Tween 80) and Sorbitan monooleate (Span 80) into the gel system serves to lower
interfacial tensions to levels appropriate for dispersion of oil. The replacement of DOSS
with a widely available phospholipid and the minimization of organic solvent use is the
key to the development of such alternative dispsersant systems.

COLL 194

Surface modification and characterization of degradable 3D electrospun
mesoporous silica nanofibers for tissue engineering

Khomson KeratiThamkul', keratith@augsburg.edu, Michael Stoick?, Mary Ann Yang?,
Yui Whei Chen-Yang?, Z. Vivian Feng?, feng@augsburg.edu.A (1) Department of
Chemistry, Augsburg College, Minneapolis, MN 55454, United StatesA (2) Department
of Science, Concordia University-St Paul, St Paul, MN 55104, United StatesA (3)
Department of Chemistry, Chung Yuan Christian University, Chung-Li, Taoyuang
32023, Taiwan Republic of China

We examined the surface properties and the dissolution behavior of electrospun
mesoporous silica nanofibers (MSNF) as potential degradable scaffolding material for
primary hippocampal neuron cell growth and differentiation. Two different surface
functionalization chemicals, poly-d-lysine (PDL) and 3-aminopropyltriethoxysilane
(APTS), produced bioactive surfaces that promote cell adhesion. Surface amino group
densities were assessed using fluorescence microscopy with fluorescein Isothiocyanate
(FITC) as fluorescent probes. PDL-modified surfaces resulted in higher amino group
densities than those modified with APTS. Silica dissolution of the various modified
versus nonmodified MSNF were assess by both silicomolybdate blue method tests and
ICP-OES. SEM image analysis during the dissolution process confirms there to be
continuous dissolution during which fibers collapse, flatten, and eventually fully dissolve
into solution. Interactions between MSNF and neurons were also examined using SEM
and ICP-OES to better understand the effect of cell attachment and growth on MSFN
dissolution.

COLL 195

Nanoparticles composed of chitosan crosslinked with transition metals as drug
delivery in cancer targeting

Duong Nguyen®, petros@unt.edu, Meghan Konda?, Lee Hughes?, Robby A Petros®.A
(1) Department of Chemistry, University of North Texas, Denton, TX 76203, United
StatesA (2) Department of Biological Sciences, University of North Texas, Denton, TX
76203, United States



Conventional anticancer agents exhibit various side effects resulting from non-selective
targeting, drug resistance within cancer cells, and insufficient accumulation of
therapeutic in the target tumor. It is critical to develop a drug delivery system capable of
successfully encapsulating and releasing anticancer agents that can be triggered at the
target site. Our strategy is to synthesize a controlled-release drug delivery system
composed of the biopolymer chitosan that has been crosslinked with transition metals.
Transition metals could potentially fulfill two roles, one as cross linking agent as well as
therapeutic. We are investigating the formation of nanoparticles via the ionotropic
gelation of phosphonate-modified chitosan in the presence of copper(2+) and covalent
crosslinking of chitosan with cobalt(3+). Copper-chitosan (CuCs) nanoparticles appear
to be 15-80 nm in diameter while Cobalt-chitosan (CoCs) nanoparticle has larger size of
100-137nm. In order to enhance the specificity of target binding, the nanoparticle
surface will be decorated with peptides that bind to the transferrin receptor, which is
over expressed in cancer cells. Phage display was employed to identify peptides with
high affinity to transferrin.
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Post-polymerization modification and adhesion behavior of a catechol
functionalized polymer brush surface

Wei Guo, wei.guo@eagles.usm.edu, William White, Derek L Patton.School of Polymers
and High Performance Materials, University of Southern Mississippi, Hattiesburg, MS
39406, United States

Ultrathin films of a polymer brush with pendent catechol groups were synthesized via
surface-initiated polymerization (SIP) from silicon substrates followed by post-
polymerization modification (PPM). The obtained surfaces of catechol bearing polymer
brush were studied as a PPM platform to further introduce various functional groups via
oxidation and thiol-Michael reactions. Surfaces with regional selective multi-
functionalities were generated using microcontact stamp oxidation and modification.
The adhesion behavior of the brush surfaces in both air and aqueous conditions were
studied using the quantitative nanomechanical AFM technique.



COLL 197
Surface-active polyperoxide copolymer: Synthesis, characterization, application

Andriy Popadyuk®, andriy.popadyuk@my.ndsu.edu, lhor Tarnavchyk®, Nadiya
Popadyuk®, Ananiy Kohut®, Volodymyr Samaryk?, Stanislav Voronov?, Andriy
Voronov'.A (1) Department of Coatings and Polymeric Materials, North Dakota State
University, Fargo, North Dakota 58103, United StatesA (2) Department of Organic
Chemistry, Lviv Polytechnic National University, Lviv, Ukraine

Amongst the numerous techniques of surface modification, ranging from physical
adsorption up to high-energy plasma treatment of substrate, usage of multifunctional
polymers resides an important place. By introducing different functional groups in
structure of polymeric surface modifier, it is possible to combine different mechanisms
of modification in a single treatment step.

In this study, the goals were to synthesize and characterize surface-active polyperoxide
copolymer, with two different, peroxide and anhydride, functional groups in its structure,
and utilize the functionality for surface modification process. Peroxide groups bring
ability to generate free radicals and anhydride groups — upon hydrolysis - surface
activity and micelle formation.

Amphiphilic polyperoxide (tBPMAAmM-co-MA) was synthesized via free-radical
copolymerization of maleic anhydride and N-(t-butyl peroxymethyl)-acrylamide,
peroxide-containing monomer that was designed and synthesized in our group.

In order to establish control over polyperoxide copolymer composition, series of kinetic
studies were performed. Co-monomer reactivity ratios (r; and r,) were determined as
well as how the copolymer composition can be tuned in this process with feed and
conversion control.

As an example of application of amphiphilic polyperoxide for surface modification,
emulsion polymerization of styrene was conducted in the presence of tBPMAAmM-co-MA
as initiator and surfactant (‘inisurf'), The process yields monodisperse latex particles,
functionalized with peroxide and carboxyl groups.
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Figure 1. Scheme of tBPMAAmM-co-MA copolymerization.
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Azole functionalized nanoparticles for imaging and drug delivery

Ronaldo Cavazos, petros@unt.edu, Robby A Petros.Department of Chemistry,
University of North Texas, Denton, TX 76203, United States

Nanoparticle (NP)-based drug delivery approaches have great potential enhancing
treatment efficacy for chemotherapeutics. Furthermore, metal-loaded NPs can also
provide a powerful theranostic tool in battling cancer. In this study, biodegradable N-
azole-functionalized acrylate based nanopatrticles were synthesized and then analyzed
for their anticancer potential in vitro. Assembly of the NPs was conducted by free-radical
polymerization of methyl methacrylate (MMA), polyethylene glycol-diacrylate (PEG-DA),
and an azole-functionalized acrylate-based monomer. The azole-functionalized
acrylate-based monomer was synthesized by reacting 1,1-carbonyldiimidazole (CDI)
with 4-(hydroxymethyl)imidazole and 2-hydroxyethyl acrylate sequentially. Once formed,
the nanopatrticles were loaded with Ru to serve as the active therapeutic. Control
nanoparticles were tested against both normal human cell and cancer cell lines to
establish their toxicity profiles. Details of the synthesis and characterization of the Ru-
loaded particles will be discussed along with their pharmacological properties.

COLL 199

Synthesis of coinage metal nanowires under ambient, seedless, surfactantless
conditions

Crystal Lewis?, Krysle28@gmail.com, Lei Wang*, Haiqging Liu*, Stanislaus Wong*?.A
(1) Chemistry, State University of New York at Stony Brook, Stony Brook, New York
11794-3400, United StatesA (2) Condensed Matter Physics and Materials Sciences
Department, Brookhaven National Laboratory, Upton, New York 11973, United States

In this report, crystalline elemental Cu and Ni nanowires have been successfully
synthesized through a simplistic, malleable, solution-based protocol involving the
utilization of a U-tube double diffusion apparatus under ambient conditions. The
nanowires prepared within the 50 and 200 nm template membrane pore channels
maintain diameters ranging from ~90-230 nm with lengths attaining the micrometer
scale. To mitigate for the unwanted but very facile oxidation of these nanomaterials to
their oxide analogues, our synthesis mechanism relies on a carefully calibrated reaction
between the corresponding metal precursor solution and an aqueous reducing agent
solution, resulting in the production of pure, monodisperse metallic nanostructures.
These as-prepared nanowires were subsequently characterized from an applications'
perspective so as to investigate their optical and photocatalytic properties.

COLL 200

Measurements of enthalpy of immersion for hydrophobic fumed silica
nanospheres at elevated temperatures and pressures



Angkana Pongpilaipruet’, angkana_mot@hotmail.com, Rathanawan Magaraphan®,
Rolf Jentoft?, Brian P. Grady®.A (1) Polymer Processing and Polymer Nanomaterials
Research Unit, The Petroleum and Petrochemical College, Chulalongkorn University,
Pathumwan, Bangkok 10330, ThailandA (2) School of Chemical, Biological and
Materials Engineering, University of Oklahoma, Norman, Oklahoma 73019-1004, United
StatesA (3) School of Chemical, Biological and Materials Engineering, the Instisute for
Applied Surfactant Research, University of Oklahoma, Norman, Oklahoma 73019-1004,
United States

The measurement of contact angle between a solid and a liquid presents difficulties
when the solid is a powder. The Washburn method uses capillary flow to measure this
contact angle of powders, but has some drawbacks. One drawback is the extreme
difficulty in

adapting this method to pressures greater than atmospheric. Heat flow microcalorimetry
offers an opportunity to measure the contact angle at elevated temperatures and
pressures. In this poster, we describe heat flow microcalorimetry measurements of a
hydrophobic silica with water containing three different surfactants types; non-ionic,
cationic and anionic surfactants at three different temperatures, 40°C, 75°C and 125°C.

COLL 201

Facile synthesis methods for water soluble histamine copolymers and its
attachment to quantum dots

Anand Viswanath, anand.vithu@gmail.com, Shen Yi, Andrew B Greytak, Brian C
Benicewicz.Department of Chemistry and Biochemistry, University of South Carolina,
Columbia, South Carolina 29208, United States

Polymeric imidazole based ligands are highly useful in coordinating to quantum dot
materials, mainly due to their resistance to degradation and robust attachment to
guantum dots. Methods to synthesize such polymers mainly use imidazole moieties as
the monomer, which requires extensive synthetic steps and purification methods.
Outlined herein is a facile post modification strategy aided by the use of the N-
methacryloxy succinimide (NMS) monomer. As the polymer needs to be water soluble
to enable dispersion of quantum dots in water, a PEG based methacrylate is also used
as a comonomer along with NMS. The NMS essentially behaves as an activated ester
along the chain and facilitates the attachment of the imidazole to the polymer backbone.
This approach is extremely versatile as it provides both water solubility and the addition
of activated esters along the chain whereby any nucleophilic compound can be directly
added on the polymer chain. Studies of attachment of the copolymers to quantum dots
showed that better dispersion quality was observed with smaller MW copolymers, while
maintaining high quantum yields. Overall, a simple and robust postmodification method
for the effective functionalization of quantum dots with multidentate imidazole moieties
is outlined.

COLL 202



Synthesis and characterization of hybrid graphene oxide for chemical toxin
detection

Rajashekhar Kanchanapally, raja_shekhar66 @yahoo.com, Paresh Ray.Chemistry &
Biochemistry, Jackson State University, Jackson, MS 39217, United States

Here we will discuss our recent report on the synthesis & characterization of plasmonic
nanoparticle attached hybrid graphene oxide for the detection of chemical toxin like
Hg** and melamine. Our result shows that label free sensor can be developed using
hybrid graphene oxide for the detection of chemical toxin in parts per quadrillion (PPQ)
level. We will also discussed how our developed plasmonic graphene oxide base assay
can be used for the detection of chemical toxin from food sample.

COLL 203
Adsorption isotherm of various anionic surfactants on natural rubber

Angkana Pongpilaipruet’, angkana_mot@hotmail.com, Rathanawan Magaraphan®,
Brian P. Grady”.A (1) Polymer Processing and Polymer Nanomaterials Research Unit,
The Petroleum and Petrochemical College, Chulalongkorn University, Pathumwan,
Bangkok 10330, ThailandA (2) School of Chemical, Biological and Materials
Engineering, The Institute for Applied Surfactant Research, University of Oklahoma,
Norman, Oklahoma 73019-1004, United States

Natural rubber (NR) latex was employed as a substrate for admicellar polymerization.
Adsorption isotherms of the anionic surfactants, sodium octyl sulfate, sodium decyl
sulfate, sodium dodecyl sulfate, sodium dodecylbenzenesulfonateand sodium
monododecyl phosphate, were investigated using High-Performance Liquid
Chromatography. The aim of this work was to determine the appropriate surfactant
concentration to avoid emulsion polymerization, i.e. determine the concentration at
which the adsorption reached a plateau, which is normally assigned as the critical
micelle concentration (CMC). The CMC might shift vs. that measured with no NR
because of the presence of water-soluble natural rubber components. We will compare
the results with the CMCs measured without any rubber present.

COLL 204

Influence of acid base sites on the aldol condensation of acetaldehyde on TiO,-
SiO, surface

Dilip K Paul, dpaul@pittstate.edu.Department of Chemistry, Pittsburg State University,
Pittsburg, KS 66762, United States

Chemisorption of pyridine was applied as a method for studying the acidic properties of
titania-silica nanopatrticles prepared by sol-gel method. The infrared spectra of adsorbed
pyridine were used to evaluate the concentration and the relative strengths of different



acid sites. These studies showed that the amount pyridine bound to different acid sites
follow the order Lpy>Hpy>Bpy, and the relative thermal stabilites for different sites was
found to be LA>BA>H-bond. In order to determine the role of acid sites on these mixed
oxide catalysts, a model compound, acetaldehyde adsorption was examined at different
temperatures. It has been found that at 233 K, acetaldehyde adsorbed through
hydrogen bonding to surface hydroxyl groups as well as through Lewis acid sites, and
upon warming to room temperature, the formation of 2-butenal was observed as the
product of aldol condensation reaction. However, the adsorption of acetaldehyde over
pyridine-covered surface indicated that the extent of aldehyde adsorption is significantly
reduced which in turn affected the aldol condensation reaction. This suggests that the
acid sites play an important role in catalyzing the condensation reaction.

COLL 205

QCM-D and computational study of AI®*

structure

effects on supported lipid bilayer

Hannah K Wayment-Steele’, hkws2011@pomona.edu, Lewis E Johnson®, Angelika
Kunze?, Sofia Svedhem?, Malkiat S Johal'.A (1) Department of Chemistry, Pomona
College, Claremont, CA 91711, United StatesA (2) Department of Applied Physics,
Chalmers University of Technology, Gothenburg, Sweden

Aluminum ions are a well-known neurotoxin. They derive toxicity from the structural
changes they induces in lipid membranes upon binding. Al3+ is known to increase
bilayer rigidity, facilitate vesicle fusion, and induce vesicle rupture. However, the
mechanisms for these processes are not fully understood. We implement the Quartz
Crystal Microbalance with Dissipation Monitoring (QCM-D) technique to study the
effects of aqueous Al3+ ions on 1:1 POPC-POPG Supported Lipid Bilayers (SLBs). The
QCM-D provides real-time monitoring of changes in mass and viscoelasticity of thin
films, allowing one to determine the kinetics of binding processes. We combine these
findings with molecular dynamics simulations to better understand the mechanism of the
system. Understanding Al3+-bilayer interactions is important for a better understanding
of mechanism of toxicity of aluminum in biological systems.

COLL 206
Enhanced cellular uptake of amphiphilic gold nanoparticles bearing ester groups

Kenya Kobayashi', kobayashi@poly.es.hokudai.ac.jp, Kenichi Niikura?, Chie
Takeuchi?, Kyoji Hagiwara®, Yoshihiro Ito*, Yoshihito Osada®, Kuniharu ljiro>.A (1)
Nanomedical Engineering Laboratory, RIKEN, Wako, Saitama Prefecture 351-0198,
JapanA (2) Research Institute of Electron Science, Hokkaido University, Sapporo,
Hokkaido 001-0020, Japan

Recently our group reported the PEG derivative ligands to give amphiphilicity to gold
nanoparticles (AuNPs). Four PEG derivative ligands bearing ether or ester



functionalities at the terminal of the ligands were synthesized and attached to 10 nm
AuNPs. Subsequently AuNPs coated with ester- or ether-PEGs were administrated to
the HelLa cells and the cellular uptake levels were analysed by ICP. After 3 hours
incubation, AUNPs possessing ester terminal were significantly internalized compared to
AuNPs possessing ether terminal. Extension of incubation time to 24 hours resulted in
larger amount of cellular uptake of AUNPs and ester-terminal ligand is still superior to
the corresponding ether-terminal ligand. It is expected that hydrolysis of ester moiety to
convert to carboxylate can be the driving force of enhanced cellular uptake. In
conclusion, newly ester terminal PEG derivative ligands for the modification of the
AuNPs surface were synthesized and the advantages of the ester ligands over ether
derivative were disclosed.

COLL 207
Antimicrobial nanoparticles

Shaunteri M Tomorrow-Perryman, shaunteriperryman@gmail.com, Valerie
Goss.Department of Chemistry and Physic, Chicago State University, Chicago, Il
60628, United States

Metallic nanopatrticles as antimicrobial agents are useful in preparing clean
environments or surfaces as these patrticles are bactericidal. Nanoparticles made from
silver nitrate AQNOj3, gold chloride HAuCl, and copper nitrate Cu(NO3) » solutions
provide a suitable bactericidal for HB101 strain of Escherichia coli (E.coli). We wanted
to determine the millimolar concentrations of the metallic nanoparticles that would be
effective as a bactericidal. Further, to understand their behavior, we studied silver, gold
and copper nanopatrticle up-take properties of E.coli. The E.coli lawn was cultivated with
a LB agar recipe. After cultivation, each dish was impregnated with (small round shaped
filter papers soaked separately) metal concentration ranging from 1 mM to 1 M. In all
experiments, the negative controls were deionized H,O and sodium citrate, and the
positive control was a common disinfectant. We concluded that 4 mM of silver
nanoparticle, 16 mM gold nanoparticle, and 24 mM of copper nanoparticle solutions
were able to destabilize the bacterial growth. After one day of incubation at 37°C an
inhibition zones were observed. This zone provides evidence for low concentration
limits for bactericide activity. High-resolution SEM images show destructed
morphological changes.

COLL 208

Characterization of site-specific groundwater colloids at various depths: Mobile-
LIBD, PCS, ICP-MS, TEM investigation of the KURT groundwater colloids

Tae-Jin Park®, etjpark@kaeri.re.kr, Tae-Yup Lee?, Min-Hoon Baik®, Jong-Tae Jeong?,
Kyungsu Kim*.A (1) Radioactive Waste Disposal Research Division, Korea Atomic
Energy Research Institute, Daejeon, Republic of KoreaA (2) R&D Office, Korea
Radioactive Waste Agency (KORAD), Republic of Korea



The KAERI Underground Research Tunnel (KURT) serves as a generic underground
research site in Korea and provides relevant domestic geological values including site-
specific data related to groundwater at various geological depths (40 — 500 m). Not only
chemical and physical properties of the KURT groundwater, but also the characteristics
of the groundwater colloids is of fundamental importance in further understanding the
transport and retardation of the radionuclides resulting from the colloidal nanoparticle
migration. Here, we report the characteristics of the KURT groundwater colloids
analyzed by the mobile Laser-Induced Breakdown Detection (M-LIBD) system along
with complementary techniques including Inductively-Coupled Plasma Mass
Spectrometry (ICP-MS), Transmission Electron Microscopy (TEM), and Photon
Correlation Spectroscopy (PCS). Due to the low concentration of the natural
groundwater colloids for measurements, the colloids were concentrated using tangential
flow ultra-filtration method. The size of the KURT groundwater colloids at various
geological depths measured from the LIBD system ranges from 70 to 125 nm, whereas
that from PCS and TEM does from 240 to 260 nm and 50 to 200 nm, respectively. In the
measurement of colloid concentrations at various depths, both LIBD and ICP-MS
methods show colloid concentrations ranging from 20 and 40 ppb. The characteristics of
the KURT groundwater at various depths were compared with those from other
countries and analyzed for use in safety assessments.

COLL 209

Measuring electronic properties of self-assembled monolayers using conductive
probe atomic force microscopy

Heather Malone, hmalone@monmouthcollege.edu, Mitchell Heuermann, Lindsay
Ditzler.Chemistry, Monmouth College, Monmouth, IL 61462, United States

The measurement of electronic properties of single molecules and molecular
assemblies is essential in developing molecular electronics to replace the bulky and
expensive material used today. Conductive probe atomic force microscopy (CP-AFM) is
used to measure electrical properties at the nanoscale. CP-AFM can simultaneously
and independently measure the force, current, and bias at metal-molecule-metal (m-M-
m) junctions. These junctions are formed between the AFM probe and self-assembled
monolayers (SAMs) attached to an ultra-flat gold surface through a thiol linker. The
contact geometry (i.e. the contact between the metal electrodes and the molecules) and
intermolecular interactions at these m-M-m junctions play a significant role on
conductivity in these systems. This study examines the electrical properties of SAMs
composed of biphenyl molecules with single, double, and triple thiol linkers. The focus
being the effect of contact geometry, intermolecular interactions, and molecular packing
on the electrical conductivity of these assemblies.

COLL 210

Influence of ligands in photoluminescence properties of CulnS,/ZnS core/shell
structures



Armando Pena - Duarte!, armando.pena@upr.edu, Maharaj Tomar*, Sandra
Loydover?, Luis Rivera®.A (1) Physics Department, University of Puerto Rico,
Mayaguez, PR 00681-9000, Puerto RicoA (2) Chemistry Department, University of
Puerto Rico, Mayaguez, PR 00681-9000, Puerto Rico

Strongly luminescent CulnS,/ZnS core/shell nanoparticles are synthesized using two
different methods. One method is the reaction of copper and indium acetate,
dodecanethiol, octadecene, in inert atmosphere at 260°C during 1h. In second method,
thiourea was employed as source of sulfur. After the formation of the core, temperature
was lowered to 240° C and 20 ml of ZnS precursor was added drop by drop. The
reaction was continued for additional 30 minutes and finally cooled to room
temperature. Ethanol and acetone was added followed by centrifuging for precipitation.
ZnS precursor was prepared mixing two aqueous solutions of zinc acetate and sodium
diethyldithiocarbamate, and then product of this reaction was dissolved in oleylamine
with vigorous stirring. Structural characterization by x-ray diffraction shows the
characteristic peaks (112), (204), (220), (132) of CulnS, nanoparticles and the peaks
(112), (110), (132) of CulnS,/ZnS core-shell. Photoluminescence of the core/shell
structure reveals emission observed in red and near-IR regions. We observe a
decrease in the luminescence emission intensity when we use thiourea as precursor.
High resolution transmission electron microscopy (HRTEM) images of CulnS,/ZnS
core/shell structures are significantly circular with diameters of approximately 5nm, and
have homogeneous patrticle size distribution.

COLL 211

Nanoscale siloxane reaction vessels for surface-directed synthesis of rare earth
oxide nanoparticles

Lauren E Englade-Franklin®, lengla5@Isu.edu, Gregory Morrison®, Azzy Francis®,
Susan D Verberne-Sutton', Steve M Deese?, Julia Y Chan?, Jayne C Garno'.A (1)
Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803,
United StatesA (2) Department of Chemistry, The University of Texas at Dallas,
Richardson, Texas 75080, United StatesA (3) Department of Chemistry, University of
South Carolina, Columbia, South Carolina 29201, United States

By combining particle lithography with organosilane chemistry, we have developed a
method to prepare nanosized reaction vessels to provide containers for surface-directed
synthesis of individual nanopatrticles. This approach provides a means to control the
size and arrangement of nanoparticles without the use of surfactants. The obvious
problem with synthesis of materials containing rare earth elements is that very high
temperatures (800-1200°C) are required for preparing nanocrystals. Although larger
macroscopic crystals can be prepared in ovens using inert environments, these cannot
be easily formed or molded into desired small shapes and geometries. A methyl-
terminated self-assembled monolayer (octadecyltrichlorosilane, OTS) was used as a
patterned resist to deposit a solution of rare earth precursor salts. Nanoholes within
OTS were used as nanoscopic vessels to confine the liquid precursor solution during



synthesis. The organosilane template was removed by heat treatment; however, the salt
residues were converted to rare earth oxide nanoparticles. The fabrication process was
characterized using atomic force microscopy to evaluate surface changes throughout
the steps of the reaction. Images were acquired of the nanoscale reaction vessels, after
addition of the precursor solution, and after heating the samples. Rare earth oxide
nanomaterials have useful properties such as upconversion, catalysis, and magnetism.
For applications as displays, optical filters, or for use in miniature electronics, the
nanoparticles must be prepared with defined size and be strategically arranged as
surface arrays.
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Electrochemical investigation of quantum phenomena and density of states of
hyperbolic metamaterials

Olivia Penrose-Sadique, cebonner@nsu.edu, Yuri A. Barnakov, Srujana Prayakarao,
Carl E Bonner.Center for Materials Research, Norfolk State University, Norfolk, Virginia
23504, United States

The motivation of the research is to understand the quantum phenomena of charge
transfer characteristics of hyperbolic metamaterials, materials in which the dielectric
constant is different in different directions and negative in one direction. The research
will observe the rate enhancement of optical processes dependent on the density of
states. An enhancement for electronic density of states such as for chemical reactions
is expected. Electron transfer in which the rate of the density of states as described by
the Marcus theory will be observed using Cyclic Voltammetry (CV) and Electrochemical
Impedance Spectroscopy (EIS) of electron transfer at the surface of the electrode in our
electrochemical cell. Our system consisting of a reference electrode with FeClz redox
couple, a counter electrode of Pt, and a working electrode of SAM coated Au on In-
doped SnO, will be used to observe distance dependence on electron transfer rate. The
electron transfer rates of our redox couple on bare Au, Au layers coated with self-
assembled monolayers (SAMs), and Au on top of metamaterial will be compared.
Metamaterials composed of alternating layers of MgF, and Au will be deposited in
several layers on top of the working electrode. The electron transfer rates on bare Au
and SAM coated Au will be internally compared then compared to the rate of ET at the
Au electrode on the metamaterial substrate. CV data will be examined to understand
the mechanism of reduction of the redox couple and to extrapolate ET kinetic and
diffusion coefficients. EIS measurements will help to understand the thermodynamic
parameters in the reaction.



COLL 213

Fluorescent multiresponsive nanostructures consisting of magnetite core and
conjugated block copolymers

Sourav Chatterjee’, schattl@tigers.Isu.edu, Cornelia Rosu®, Evgueni E. Nesterov?,
Paul S. Russo®.A (1) Department of Chemistry and Macromolecular Studies Group,
Louisiana State University, Baton Rouge, LA 70803, United StatesA (2) Department of
Chemistry, Louisiana State University, Baton Rouge, LA 70803, United States

Core-shell hybrid nanostructures have received an increased interest because of their
many current and potential applications. Such nanostructures show combined
properties of the core and shell which neither component can display alone. An increase
in sensitivity of fluorescent chemo- and biodetection devices can be achieved as a
response to external stimuli such as magnetic field. In this work, shells of fluorescent
conjugated polymers and block copolymers (e.g. polythiophenes, poly-p-phenylenes)
were prepared on magnetic (superparamagnetic) nanoparticles consisting of a
magnetite core coated with a layer of silica by using surface-initiated living
polymerization. The goal of this research was to investigate the change in fluorescent
properties as a function of silica shell thickness, order of sublayers in the conjugated
block copolymer shell, as well the effect of applied magnetic field, both in thin-film
powder and in colloidal solution.

COLL 214

Controlled synthesis of luminescent Mn-doped zinc silicate colloidal
microspheres by thermal hydrolysis of urea

JUNG BO YOO, yoojungbo@sogang.ac.kr, HAN SOL KIM, JA WOON LEE, NAM HWI
HUR.department of chemistry, sogang university, seoul, mapo gu 121-742, Republic of
Korea

We report the synthesis, characterization, and photo-luminescent properties of Mn-
doped zinc silicate (SiO.@2Zn,Si04:Mn**) microspheres with a core/shell type structure.
The Si0,@Zn,Si04:Mn*" samples were prepared using core/shell silica microspheres
with average

diameter of 285 nm as templates. The synthesis was accomplished by controlled
hydrolysis of urea at 353 K. The Mn-doped zinc silicate phase was grown solely within
the silica shell. The a-phase (SiO,@a-Zn»Si04:Mn**) was prepared at 950 K while the
meta-stable B-phase (SiO,@pB-Zn,Si04:Mn**) was obtained by annealing at 750 K and
subsequent quenching to 298 K. The resultant a- and B-phase microspheres were fully
characterized by various techniques such as X-ray diffraction, Fourier transform infrared
spectroscopy, scanning electron microscopy, transmission electron microscopy, UV-
visible spectroscopy, Brunauer-Emmett-Teller surface area, CIE's color coordinate, and
photoluminescence (PL). Green luminescence

centering at 522 nm is detected in the a-phase, while the B-phase shows yellow



luminescence occurring at 572 nm. Especially, the a-phase exhibits excellent PL
properties compared with that of commercial powder sample corresponding to the a-
phase. The emission intensities of the a-phase also are about 1.7 times higher than
those of commercial sample. The luminance value of the a-phase is 248 cd/m?, which is
about four times higher than that of commercial sample.

COLL 215

Ring nanopatterns of 2-[methoxy(polyethyleneoxy)propyl]trichlorosilane
characterized with contact-mode, tapping-mode and force modulation modes of
atomic force microscopy

Rasheda Gros, rgros6@tigers.Isu.edu, Lu Lu, Jayne Garno.Department of Chemistry,
Louisiana State University, Baton Rouge, Louisiana 70803, United States

Ring nanopatterns of 2-[methoxy(polyethyleneoxy)s-gpropyljtrichlorosilane (PEG) were
generated on Si(111) using particle lithography and heated vapor deposition. A
suspension of monodisperse latex mesospheres was deposited on a Si(111) substrate
and dried to form a surface mask. The crystalline arrangement of the surface mask
provided a structural template to guide the deposition of PEG-functionalized
organosilane. The meniscus rings at the base of the latex mesospheres provided
nanoscopic sites of water residues for depositing organosilane nanostructures. The
surface mask was removed by steps of solvent rinsing and sonication, however the
organosilanes persist on the surface to form ring nanopatterns. The sample was studied
using contact-mode and tapping-mode atomic force microscopy (AFM), an example
topograph is shown in the figure. There are 16 nanorings viewed within a scan area of
1x1 micron. The periodicity measures 300 nm, which matches to the diameter of the
latex mesospheres used as a surface mask. The centers of the rings pinpoint the
locations where the mesospheres were touching the substrate. In this example, the
nanorings measure ~9 nm in height, corresponding to a self-polymerized multilayer.
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Force modulation microscopy was also used to characterize the sample to provide
information of the elastic response for nanostructures of different thicknesses. A home-
built sample stage constructed with polycarbonate material was used for force
modulation measurements . Results will be compared for successive measurements of
the same sample using multiple modes of AFM.



COLL 216

Polyaniline modified organic—inorganic hybridcation-exchange membranes for
the separation of monovalent and multivalent ions

Zeid ALOthman®, zaothman@ksu.edu.sa, Moonis Khan', Masoom Siddiqui*,
Mahendra Kumar?.A (1) Chemistry Department, King Saud University, Riyadh, Saudi
ArabiaA (2) School of Biotechnology, Dublin City University, Dublin, Ireland

Organic—inorganic hybrid cation-exchange membranes (CEMs) were chemically
modified by in situ polymerization of aniline in acidic medium using FeCl; as an
oxidizing agent. The presence of polyaniline (PANI) on the surface and inside
membrane matrix was confirmed from PANI coating density and scanning electron
microscopy.

Membranes were characterized in details by estimating water uptake, ion-exchange
capacity, fixed ion concentration, counter-ion transport number and membrane
conductivity. The values of N*" transport number across the membranes were
unchanged, whereas the values of Zn®* and AI** transport number were decreased after
modification with PANI. The dense nature of PANI modified membranes was evaluated
through an electro-osmotic study. The selectivity of PANI modified membranes towards
Na*, Zn?" and AI** ions was investigated by electrodialysis using single or binary mixture
of electrolyte solutions (Na*/Zn?** and Na*/AI**). The current and separation efficiencies
of CEM and PANI modified membrane (CEM/PANI-120) for Na*, Zn** and AP** were
determined at varied applied current densities and electrolyte solution feed
concentrations. The obtained values of current and separation efficiencies for
CEM/PANI-120 membrane suggested the suitability of PANI modified membrane in
electrodialysis selective separation of Na* from the binary mixture (Na*/Zn** and
Na‘/Al**) in aqueous solutions.

COLL 217
Cytotoxicity of nanoparticle organic surface coating agents

YING ZHANG, ying.zhang.zoe@gmail.com, Brandon Newton, Eybriunna Lewis,
Hongtao Yu.Department of Chemistry and Biochemistry, Jackson State Universtiy,
Jackson, MS 39217, United States

Abstract

Health impact of nanoparitcles has become a public concern with the great advances of
nanoparticles for various applications. Coating agents are an integral part of
nanoparticles, but little attention has been paid during toxicity studies of nanopatrticles.
As a result, there are inconsistent toxicity results for certain nanomaterials. In this study,
we explore the cycotoxicity of 11 commonly used coating agents using two cell lines:
human epidermal (HaCaT) and lung fibroblast (CRL-1490) cells, and at concentrations



of 3, 10, 30 and 100 uM, at two exposure time points: 2 h and 24 h, and with two
different assays: MTT/MTS assay and Trypan Blue staining. It was found that 6 of the
11 studied coating agents are cytotoxic. Especially those with long aliphatic chains
surfactants, both the cationic aliphatic amine/ammonium compounds,
cetyltrimethylammonium bromide, olyelamine, tetraoctylammonium bromide, and
hexadecylamine, and the anionic sodium dodecylsulfate, are the most toxic. In addition,
exposure time, test methods, and use of different cell lines also affect the cytotoxicity
results. Therefore, for nanoparticle toxicity tests, the complex factors for the test of a
mixture, rather than for a pure compound, must be considered. The use of different test
methods, cell lines, and exposure times must also be considered when comparing
cytotoxicity results.

COLL 218
Janus gold nanoparticles: Control of the phase separation of two surface ligands

Ryo lida®, iida@poly.es.hokudai.ac.jp, Kenichi Niikura?, Shota Sekiguchi?, Hideyuki
Mitomo?, Kuniharu ljiro®>.A (1) Graduate School of Chemical Science and Engineering,
Hokkaido University, Sapporo, Hokkaido 060-8628, JapanA (2) Research Institute of
Electronic Science, Hokkaido University, Sapporo, Hokkaido 001-0020, Japan

The property of nanoparticles is dependent on not only the core materials, but also the
surface ligands. Design of the nanoparticle surface is important for promoting their self-
assembly or also nanoparticle-cell interactions. The surface on nanoparticle is often
modified with self-assembled monolayer (SAM) of surface ligands. Recently, the surface
modifications of SAM using multiple kinds of ligands have been focused. Especially, the
anisotropic particles with asymmetric geometry are called “Janus particles” and the
simple and general method to fabricate the Janus nanoparticles is demanded due to
their unique functions.

In this report, we used gold nanoparticles (AuNPs), and aimed to control the phase
separation of two thiol ligands on the surface to create Janus AuNPs. AuNPs were
covered with two thiol ligands with different alkyl chain length on various conditions, and
the domain structure were analyzed by matrix-assisted laser desorption-ionization mass
spectrometry (MALDI-TOF MS). The degree of phase separation in the mixed ligands
were strongly dependent on the solvent, length of alkyl chain and mixing procedures of
ligands. The Janus-type phase separation on AuNPs was observed using two ligands
having the different length of alkyl chains (C11 and C3).

COLL 219

Photocatalytic degradation of non-biodegradable compounds: Roles of precious
metals

Pramoch Rangsunvigit?, Pramoch.r@chula.ac.th, Sumaeth Chavadej*?.A (1)
Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, Bangkok



10330, ThailandA (2) Center of Excellence on Petrochemical and Materials
Technology, Chulalongkorn University, Bangkok, Bangkok 10330, Thailand

This work attempts on a comprehensive comparison of different precious metals on the
photocatalytic degradation of a non-biodegradable compound, 4-chlorophenol (4-CP).
Interestingly, 4-CP degradation does not depend on a catalyst used compared to
photolysis. On the contrary, the presence of any of the catalyst significantly affects the
intermediate, hydroquinone (HQ) and hydroxyhydroquinone (HHQ), degradation. The
addition of a small amount of Pt into TiO, enhances the photocatalyst activity. The
phase and adsorption capacity of the photocatalyst play important roles in the
photocatalytic activity. Although the addition of Ag or Au into TiO, does not significantly
improve the 4-CP degradation, it does on the degradation of the intermediate products.

COLL 220

Monodisperse gold nanobipyramids with yields approaching 100% and their
plasmonic properties

Qian Li, ligian@phy.cuhk.edu.hk, Xiaolu Zhuo, Jianfang Wang.Department of Physics,
The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong Special
Administrative Region of China

The unique characteristics of localized plasmon resonances in metal nanocrystals
include greatly enhanced optical cross-sections and concentration of electromagnetic
energy near the metal surface. In particular, colloidal Au nanobipyramids (NBPs) are an
intriguing type of metal nanocrystals owing to their attractive, excellent plasmonic
properties. Compared with other colloidal Au nanocrystals, Au NBPs are nearly
monodisperse and therefore their inhomogeneous spectral broadening is suppressed.
In addition, the electric field enhancement exhibited by Au NBPs is much stronger than
that of Au nanorods (NRs) with equivalent sizes owing to their much sharper tips. Such
strong field enhancements make Au NBPs highly preferable as building units to design
structures and devices for various high-performance plasmonic applications. However, it
has been a great challenge to produce Au NBPs in high yields, which were typically
limited below ~50%. This prevents the full utilization of Au NBPs in various plasmonic
applications.

We have developed a method for the production of Au NBPs with yields up to 100% and
longitudinal plasmon wavelengths tunable from ~650 nm to ~1350 nm by combining
seed-mediated growth, Ag overgrowth into long nanorods, and depletion force-induced
purification. The Ag segments on highly purified Au/Ag hetero-nanorods were etched
away chemically to give Au NBPs having nearly the same shape and size as those
obtained from the seed-mediated growth. We compared the extinction cross-sections of
Au NBPs and NRs both experimentally and theoretically. Au NBPs were found to have
larger extinction cross-sections than Au NRs. Single-particle dark-field scattering
measurements indicated that Au NBPs possessed narrower FWHM values. We also
compared the refractive index sensitivities and surface-enhanced Raman scattering



between Au NBPs and NRs. Our results showed unambiguously that Au NBPs exhibit
much better plasmonic properties than Au NRs. Au NBPs are therefore expected to
bring largely improved performances in various plasmon-based applications.

COLL 221

Fabrication of ZnO thin films and their application for inverted organic
photovoltaic cells

SOLEE KIM, solee731@gmail.com, Jun-Hwan Park, Seong-Geun Oh.Department of
Chemical Engineering, Hanyang University, Seongdong-gu, Seoul 133-791, Republic of
Korea

In this research, ZnO thin films were fabricated by using ZnO nanocrystals with
controlled size and morphology. Firstly, nano-sized ZnO particles were synthesized by
hydrolysis and condensation of zinc acetate dihydrate (Zn salt) and potassium
hydroxide (KOH) in methanol. Also, water was added into the reaction medium in order
to control the morphology of ZnO nanoparticles from spherical particles to rods.
Secondly, the synthesized particles were dispersed in 1-butanol using
methoxyethoxyacetic acid (MEA) as a ligand for obtaining transparent and stable
dispersion. Finally, ZnO thin films were deposited onto the glass substrate by using the
prepared ZnO dispersions through the spin coating process. The ZnO dispersions
containing nanorods or spheres and the Zn salt solution were used for the fabrication of
dense and smooth ZnO films. Also, the thermal treatment was performed to improve the
connectivity and the crystallinity of ZnO particles by removing the organic fraction of the
films. To investigate into the effects of ZnO layers having different morphology
properties, the prepared ZnO film was used as an electron transport layer applied for
inverted organic photovoltaic cells. The analyses were carried out by using FE-SEM,
TEM, AFM, DLS, UV-Vis spectroscopy, and current density-voltage characteristics.

COLL 222

Microsized TiO; particles with nanoscale effect: Influence of hydroxyl
concentration on their photocatalytic activities

Jang Inseok, insukz@hanyang.ac.kr, Seong-Geun Oh.Department of Chemical
Engineering, Hanyang University, Seongdong-gu, Seoul 133-791, Republic of Korea

3-dimensional hierarchical TiO, micro-sized particles were prepared by using modified
sol-gel process with polyethylene glycol (PEG) as a surface-directing agent. After
calcination at 450 °C, the crystal structure was anatase phase. The size and specific
surface area of particles were 1.0-1.8 ym and 96.85 m?/g, respectively. The specific
surface area of the TiO, particles corresponded to that of the spherical nanopatrticles
with average size of 15.9 nm. Although the size of synthesized TiO, was micro-scale,
they had the specific surface area similar to that of nano-scale particles due to their
effect of morphological property. Subsequently, to modify the surface of TiO, with



hydroxyl groups, the hydroxylation treatment was carried out and the amount of surface
hydroxyl groups was controlled by the changing concentration of aqueous NH,OH
solution. As the higher concentration of NH,OH solution was used, the more hydroxyl
groups were introduced on the TiO, surface. As an application of prepared TiO,, for
water treatment, their catalytic performances for the degradation of methylene blue
were examined by using UV-Vis spectrophotometer with the assistance of UV lamp.
After hydroxylation treatment, the TiO, macro-sized particles showed the higher
performance of MB degradation than that of nano-sized P25 particles because of their
large specific surface area and hydroxyl-rich surface.

COLL 223
Electrochemical glucose sensors based on an ionic liquid of Auzs nanocluster

Kyuju Kwak!, kkj818@yonsei.ac.kr, S. Senthil Kumar?, Kyunglim Pyo®, Dongil Lee'.A
(1) Department of Chemistry, Yonsei University, Seoul, Republic of KoreaA (2)
Environmental & Analytical Chemistry Division, School of Advanced Sciences, VIT
University, Vellore, India

lonic liquids have found many applications in electrochemical sensors due to their
intrinsic ionic conductivity and electrochemical stability over wide potential window. In
particular, ionic liquids were found to maintain the bioactivity of enzymes, which makes
them ideally suited for the development of biosensors. In this talk, we present that a
stable molten salt of a quantum-sized gold nanocluster can be prepared by ion-pairing
of a Auys nanocluster protected with (3-mercaptopropyl)sulfonate with imidazolium
cation, 1-decyl-3-methylimidazolium, and its application for the detection of glucose
based on its unique electrochemical and biocompatible properties. To prepare
electrochemical sensor, the glucose oxidase (GOx) was immobilized in the molten salt,
which was subsequently cast on a glassy carbon electrode to form modified electrodes.
Cyclic voltammograms of the modified electrode exhibited well-defined and reversible
redox peaks corresponding to Au,s”* and Au,s ™. The electrochemical sensor showed
dramatic enhancements in both anodic and cathodic peak currents upon the addition of
glucose, indicating the electrocatalytic activity of Au,s nanocluster. In addition, GOx
immobilized in the molten salt exhibited higher biological activity, demonstrating that the
Auys ionic liquid acts as an excellent support for the enzymatic reaction of GOx.

COLL 224

Synthesis and characterization of quantum sized silver nanoclusters protected
with 3-mercapto-1-propylsulfonate

Kyunglim Pyo, mylifetohoi@naver.com, Eunyeong Seo, Dongil Lee.Department of
Chemistry, Yonsei University, Seoul, Republic of Korea

For the past few years, silver nanoclusters (AgNCs) became one of the most vigorously
studied fields for their abundance of the materials, low cost and interesting optical



properties, compared to gold nanoclusters. However, the low stability of the AQNCs has
always been a big challenge. In this poster, we present the synthesis and
characterization of a very stable, highly pure, and water soluble AgNCs protected by 3-
mercapto-1-propylsulfonate ligands (MPS). The synthesis was carried out at 0 °C by
reducing AgNO3 with sodium borohydride in the presence of MPS ligands. Thus
prepared cluster mixture was further purified by poly-acrylamide gel electrophoresis
(PAGE), which isolated two major clusters. These two AgNCs were found to be
Ag44(MPS)3, and Ags2(MPS)1g, identified by electro spray ionization mass spectrometry
(ESI-MS). These clusters were water-soluble and found to be stable at room
temperature for more than a month. The presence of sulfonate terminal groups at the
end of the ligands enabled facile modification of the anionic clusters by ion-pairing with
functional cations. Anionic liquid of Ag cluster could be prepared by ion-pairing with 1,3-
dimethylimidazolium cation.

COLL 225

Effects of solvent, silver salt, and PVP on the reduction of silver ions in the polyol
process

Yunji Lee, six976@hanmail.net, Jun-Hwan Park, Seong-Geun Oh.Department of
Chemical Engineering, Hanyang University, Seongdong-gu, Seoul 133-791, Republic of
Korea

In this study, silver nanoparticles were prepared through polyol process. To increase the
concentration of silver nanoparticle, effects of solvent, silver salt, and
polyvinylpyrrolidone (PVP) on the reduction were investigated. The solvent effect was
verified by using different solvents (ethanol, ethylene glycol, and glycerol). As the
hydroxyl group in the solvent increased, the reduction ability also increased. Silver
nitrate (AgNO3), silver tetrafluoroborate (AgBF,), silver fluoride (AgF), and silver
perchlorate (AgClO,4) were employed as a precursor. According to the kind of silver salt,
color of colloid was different. It is expected that the pH depending on the silver salt
solution affected its reduction. Also, the effects of molecular weight and amount of PVP
as a stabilizer and reducing agent were studied. The degree of reduction was measured
by using UV-vis spectrophotometer and silver ion selective electrode (ISE). The particle
size was analyzed with dynamic light scattering (DLS) and transmission electron
microscopy (TEM).

COLL 226
Tungsten and silver tip etching dynamics and effects on STM atomic resolution
Blake Birmingham, blake_birmingham@baylor.edu, Indra-Mani Ghimire, Kenneth

Park, Zhenrong Zhang.Department of Physics, Baylor University, Waco, Texas 76706,
United States



Tip Enhanced Raman Spectroscopy (TERS) utilizes a Raman Spectroscopy system
and a Scanning Tunneling Microscope (STM) to produce images of a sample surface
with correlated compositional data. The sharpness and geometry of the metal tip are
critical to TERS signal. In this study, the electrochemical tip-etching process was
studied systematically by varying the voltage, current, etching time, and amount of
etching solution for both silver and tungsten. The etched tips were examined via
Scanning Electron Microscope (SEM) to determine the relationship of the geometry and
the sharpness to the varied etching parameters. The sharpest tips were further tested in
a Scanning Tunneling Microscope (STM) by imaging standard HOPG samples at
atmospheric pressure and in vacuum. Atomic resolution STM images confirm tip etching
parameters have been established for reliably producing suitable tips of both tungsten
and silver.

COLL 227
Morphology and optical properties of organic/inorganic hybrid thin films

Saleem G Rao’, saleemg@kfupm.edu.sa, Muhammad A Gondal*, Muhammad A
Dastageer’, Zain H Yammani®.A (1) King Fahd University of Petroleum and Minerals,
Dhahran, --- Please Select --- 31261, Saudi ArabiaA (2) Center of Excellence in
Nanotechnology, King Fahd University of Petroleum and Minerals, Dhahran, --- Please
Select --- 31261, Saudi Arabia

Interaction of first few deposited atomic layers with substrate play very important role in
growth and morphology of very thin films. For many good quality thin films buffer layer is
essential to overcome the low interaction issues. Self assembled monolayers (SAMs) of
organic molecules are good alternate to control the surface properties of metallic and
semiconducting surfaces in addition to their wide range applications from molecular
electronics to immobilization of bio-molecules. In addition, single/multilayer hybrid thin
films with SAM and other nanostructures in between have been reported to develop
hybrids with more interesting physical properties. Morphology of inorganic thin film
strongly depends upon organic functional group (OFG) of SAM and NS underneath.
Depending upon the OFG of SAM a chemical reaction may take place at the interface
between first atomic layer and OFG of SAM. Interaction between SAM and NS in
addition to morphology can affect other physical properties of the deposited thin films.
Morphology and optical properties of such ZnO and TiO, hybrid thin films of different
thicknesses will be presented.

COLL 228

Kinetic study of the formation of Au/MgO core/shell nanoparticles for drug testing
Arely A Muniz Dominicci, ejferrer@ponce.inter.edu, Joseph Gonzalez Gonzalez,
Nicole Colon Ithier, Pedro Rivera Pomales, Eulalia Medina Perez, Edmy Ferrer

Torres.Department of Science and Technology, Interamerican University of Puerto Rico,
Ponce, Puerto Rico 00715, Puerto Rico



We report a synthesis of Au/MgO core/shell nanoparticles using the sonochemical and
titration methods. The purpose of our work is to address the development of a biosensor
for drug testing. The synthesis consisted of a two step method: the formation of the gold
nanoparticles and the reduction of the MgO precursors. In addition, we analyze the
formation of the core shell nanoparticles varying the heating time, the titration rate and
the ultrasonic time. The nanoparticles were characterized using UV-VIS, IR and
scanning electron microscopy (SEM). The optical spectroscopy studies indicate the
Localized Surface Plasmon Resonance (LSPR) band absorption at 526 nm. The
Au/MgO core/shell absorption shows three important peaks centered in 280 nm, 530 nm
and 700 nm. The formation of these new peaks suggested the achievement of the
Au/MgO nanopatrticles. We are working in the functionalization of the core shells for
detection of pseudoephedrine. The optical studies show new band formations
suggesting the interaction of the nanoparticles with the drug.

COLL 229

Rationally designed SERS based gold nanopopcorn pathogens and monitoring of
antibiotic susceptibility

Thomas J. Ondera, jumathomasondera@hotmail.com, Ashton T. Hamme
II.Department of Chemistry & Biochemistry, Jackson State University, Jackson, MS
39217, United States

We report a facile strategy to fabricate a highly sensitive surface-enhanced Raman
scattering (SERS)-based sensors with excellent reproducibility and stability based on
uniform and well-controlled Gold nanopopcorn (AuNPs) attached functionalized-single-
walled carbon nanotube (AuNPs attached to functionalized-SWCNTSs) substrates. In this
strategy, sharp tip and edge, size, and inter-particle distance controlled AUNPs are
evenly attached on long SWCNTSs previously doubly ester modified by esterification and
[2 + 3] Huisgen cycloaddition reaction under MW irradiation through a multistep
approach, yielding stable SERS-based substrates. The AuNPs attached functionalized-
SWCNT nanohybrid exhibits good reproducibility and good stability in an aqueous
environment. Furthermore, biosensors constructed with AUNPs attached functionalized-
SWCNT substrates have diverse applications that are demonstrated with monoclonal
anti-E.coli antibody-conjugated AuNPs attached functionalized- SWCNTSs for selective,
label-free, rapid detection of low concentration of E. coli in drinking water and
monitoring antibiotic susceptibility for diagnostic purposes. The synergy-type
enhancement effect arising from the respective components of the nanohybrid due to
their intrinsic noble properties indicates that our facile SERS-based sensor fabrication
strategy has the potential for further application in multiplex detection and in raw
samples.

Acknowledgments : The project described was supported by the National Science
Foundation (HBCURISE: HRD-1137763), the National Institutes of Health through the
NCRR-RCMI (Award Number: G12RR13459), and NIH/NIMHD (Award Number:
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Aggregation characteristics of rhamnolipid biosurfactants and several synthetic
variants
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Rhamnolipids are of current interest as greener alternatives to common synthetic
surfactants. However, little is known about the fundamental aggregation properties of
these surfactants. To better understand these aggregation properties, surface
tensiometry, dynamic light scattering, and static and time-resolved fluorescence
spectroscopy were applied to aggregates formed from the native monorhamnolipid
mixture produced by Pseudomonas aeruginosa ATCC 9027 and to aggregates formed
from all possible stereoisomers (R,R; R,S; S,R; and S,S) of the most common naturally-
occurring monorhamnolipid congener, Rha-C10-C10. For concentrations above the
critical micelle concentration (CMC) of ~180 uM at pH 8, globular micelles of ~2-3 nm
predominate along with two other minor aggregates, likely bilayers and vesicles, with
dimensions of ~12 and ~140 nm, respectively. Monorhamnolipid micelles were further
probed in fluorescence quenching studies with pyrene as the probe and benzophenone
to determine average aggregation number (Naqq) of these aggregates. Micelles from
these monorhamnolipids have N-,44- valuesof ~30-35 molecules.
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Structure-function relationships of bio-inspired rhamnolipid surfactants
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Rhamnolipids are amphiphilic glycolipids with outstanding surfactant properties that are
found in nature and are potential candidates for biodegradable and non-toxic
replacements of current synthetic surfactants. Novel synthetic variants of
monorhamnolipids and their bio-inspired analogues were produced and studied to
address guestions about surfactant function related to specific structural features
including: 1) the role of the outer lipid tail, 2) lipid tail stereochemistry, 3) the role of the
carboxylic acid group, 4) lipid tail length in single and double chain monorhamnolipids,
and 5) lipid tail symmetry. Access to pure materials at the gram scale with specific
structural features bio-inspired but not found in nature, impossible to harvest and isolate
from microbial colonies, or that are impractical to produce by means of the synthetic
methodologies previously reported, required development of an original method to
obtain them in diastereomerically pure form and with the desired lipid tails. Studies
using surface tension, pulse gradient spin echo nuclear magnetic resonance and light



scattering were performed to determine water/air interface affinity, critical micelle
concentration, cross sectional area, minimum surface tension, and aggregate size. The
effect of structural differences on these properties reveals the ability to tailor
monorhamnolipid and related analogue surfactant function.
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Fabrication of porous molybdenum sulfide monolith
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Molybdenum sulfide is two-dimensional layered material; it has been known historically
as a catalyst for hydro-desulfurization and as a lubricant. Recent interest in the layered
material has stemmed from the isolation of single layer graphene and subsequent
isolation and evaluation of a long list of other two-dimensional materials. Unlike
graphene, Molybdenum sulfide is a semi-conductor and has been demonstrated in
transistors applications. In addition, a single layer has a tunable and large
photothermoelectric effect. It has been shown that MoS, with various secondary
architectures (beyond layered geometry) has been synthesized. In this work we will
present our work on fabrication of porous MoS; monoliths, which can be used in several
applications including separation, hydrodesulfurization and catalyst support. The
monolith has been characterized using various characterization techniques including
scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray
diffraction (XRD), Raman spectroscopy and BET analysis.
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oxide surfaces in organic photovoltaic devices
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Phosphonic acids (PAs) are useful as surface modifiers to tailor work function and
increase surface wettability of transparent conductive oxide electrodes in organic
photovoltaic devices. When ordered PA monolayers are formed on oxide substrates, the
interface dipole and electronic structure are affected by the functional group properties,
binding mode and orientation of the PA modifiers. Using octylphosphonic acid (OPA),



F13-octylphosphonic acid (F130PA), perfluorinated phenyl phosphonic acid (FsPPA),
benzyl phosphonic acid (BnPA), and perfluorinated benzyl phosphonic acid (FsBnPA)
as a group of representative model PA surface modifiers, polarization modulation-
infrared reflection adsorption spectroscopy (PM-IRRAS) was used to determine binding
mode and molecular orientation on indium-zinc oxide (IZO) substrates. In addition to
binding of the PA monolayer, the surface modification process induces the formation of
defects on these 1ZO substrates as indicated by changes in the IR responses of these
interfaces. The presence of such defects is important, as they likely change surface
electronic properties that affect electron transfer and charge recombination processes at
these interfaces in devices.
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FRET analysis of mass transport behavior through thin polymer films under
laminar flow
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Tethered polymer layers at solid fluid interfaces are used widely in a variety of surface
science applications. Although many of these applications require exposure to dynamic
flow conditions, most commonly laminar flow, mass transport through these polymer
films is a fundamental process that is still poorly, defined despite its critical role. In this
work, Forster resonance energy transfer (FRET) is employed to image the mass
transport process through thin polymer layers (dry thickness ~120 nm) in real time
using total internal reflectance fluorescence (TIRF) microscopy. Poly(N-
isopropylacrylamide) films were used as model polymers and were tethered to glass
coverslips to which fluorescent donor molecules (fluorescein isothiocynate) had been
previously attached. These modified glass coverslips were subsequently used in a
pressure-driven laminar flow environment for TIRF imaging. These layers were exposed
to solutions of fluorescent acceptor molecules (rhodamine B) in good and theta solvents
at varying flow rates and the decay of the donor fluorescence by FRET monitored with
time. With the polymer layer in a good solvent, the fluorescence intensity decay rate
increases with applied flow rate. The decay curves were fit to a general power law with
high correlation factors consistent with percolation of the acceptor through the thin
polymer film. These results have important implications for the use of polymeric
materials in solvents in devices used in dynamic flow environments.

COLL 235
SWCNT hybrid popcorn shaped magnetic core-plasmonic shell multifunctional
nanoparticle for targeted magnetic separation and enrichment: Label-free SERS

imaging and photothermal destruction of multi drug resistant Salmonella

Yunfeng Lin, linyunfengl23@gmail.com, Ashton T. Hamme Il.Department of Chemistry
& Biochemistry, Jackson State University, Jackson, MS 39217, United States



Multidrug-resistant (MDR) Salmonella enterica serover Typhimurium definitive type 104
(DT104) presents one of the greatest challenges in public health care in today's society.
Due to the resistance to drugs, current technology cannot effectively kill the presence of
MDR Salmonella inside of the human body. As a result, the development of
physiologically benign and highly sensitive methods for the detection and/or killing of the
aforementioned bacteria is in high demand. Driven by the negative heath impacts of
these bacteria, we developed a single walled carbon nanotube (SWCNT) hybrid
multifunctional popcorn shaped iron core-gold plasmonic shell approach to target and
magnetically separate MDR Salmonella DT104. After functionalization of the SWCNT
through a 1,3-dipolar cycloaddition with methyl nitro acetate and subsequent SWCNT
attachment of the gold shell-iron core nanoparticles and MDR Salmonella targeted
antibodies, bacterial detection was achieved by the use of label free surface enhanced
Raman spectroscopy (SERS), and via selective photothermal methods, destruction of
the targeted bacteria was also accomplished. In order to confirm the successful
synthesis of the nanoparticles and nanohybrids, a combination of FTIR, SERS, UV
Spectroscopy, and TEM, were used. Experimental data show that our SWCNT hybrid
antibody-conjugated popcorn shaped magnetic core-plasmonic shell nanoparticles can
be used for targeted separation & SERS imaging of MDR Salmonella. A targeted
photothermal experiment, using 670-nm light at 1.5 W/cm? for 15 minutes, resulted in
selective irreparable damage to most of the MDR Salmonella.
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Silver nanowires were prepared on gold mirrors covering glass slides. The silver
nanowires were made by self-assembly of silver nanoprisms. Characterization of the
slides with silver nanowires was done using AFM, SEM, and confocal microscopy. The
silver nanowires on gold mirrors were used for surface-enhanced fluorescence studies.
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Characterization of non-detonable,non-hazardous explosives training aids for
military explosives
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Nicholas F Materer?, Allen Apblett>’. A (1) Xplosafe LLC, Stillwater, OK 74074, United
StatesA (2) Department of Chemistry, Oklahoma State University, Stillwater, OK
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Commercially available training aids for canines are either pure explosive powders or
explosives mixed with materials like silica. These training aids are not easy to handle or
to dispose of after use. They also represent a hazard for both the canines and their
handlers. XploSafe manufactures a set of materials that produce vapors of military
explosives, such as TNT, RDX and PETN. These materials or training aids are
produced in pellet form, making them extremely easy to handle. Direct injection mass
spectrometry was used to analyze these training aids for both purity and intensity of the
generated vapors. The vapors were compared to samples of actual explosives. They
were also subject to open flame, impact and friction testing to confirm the non-explosive
nature.
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Rebar graphene for flexible all-carbon transparent electrodes
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1D carbon nanotubes (CNTs) and 2D graphene (G) are among the most studied carbon
allotropes in the last decade due to their excellent electronic, mechanical and optical
properties. Here we demonstrate the formation of planar G/CNT hybrid sheets by
annealing functionalized CNTs on Cu foils. The CNTs act as reinforcing bars (rebar),
toughening the graphene through both 1r-11 stacking domains and covalent bonding
where the CNTSs partially unzip and form a seamless 2D hybrid as revealed by
aberration-corrected scanning transmission electron microscopy (STEM) analysis. The
as-made sp>-carbon based heterostructures can be transferred onto target substrates
without the need for a polymer-coating as a result of the structural reinforcement of the
CNTs. In addition, we demonstrate the use of these new G/CNT hybrids as flexible all-
carbon transparent electrodes. Other 1D or 2D nanomaterials, such as carbon onions
and boron nitride nanotubes, can also function the similar roles as CNTSs.

COLL 239



Selective detection and photothermal therapy of breast cancer cells using iron
core gold shell nanoparticle-SWCNT hybrid nanostructures

Bhanu Priya Viraka Nellore, bhanupriyareddy.v@gmail.com, Zhen Fan, Paresh C.
Ray, Ashton T. Hamme Il.Chemistry & Biochemistry, Jackson State University, Jackson,
MS 39217, United States

Due to the fact that gold nanoparticles possess unique optical properties and are
considered to have low toxicity toward humans, the use of gold nanopatrticle based
biological detection devices and therapeutic agents are very attractive. Multifunctional
nanomaterials can potentially be even more superior because more than one physical
property can be exploited to target or separate a particular biological agent. Single
walled carbon nanotubes (SWCNTSs) arrayed with iron core gold shell nanopatrticles
have the potential to be used for medical diagnosis via magnetic resonance imaging
(MRI) because of the magnetic properties of the iron core, and the plasmonic gold shell
can be useful for photothermal therapy through irradiation at a specific wavelength or
cancer detection through surface enhanced Raman spectroscopy. After synthesizing
the desired iron oxide nanoparticle, a specific synthetic protocol was used to encase the
iron nanoparticle with gold thereby creating a gold nanoshell. These iron core gold shell
nanoparticles were then anchored onto a functionalized SWCNT through the formation
of a sulfur carbon bond. Through the incorporation of a SKBR-3 aptamer, the nano-
hybrid selectively bound to the SKBR-3 cells which, upon exposing to irradiation with a
laser, were killed due to heat generated by the nanoparticles.

Acknowledgments: We thank the National Science Foundation (PREM NSF DMR-
1205194 and HBCU-RISE: HRD-1137763) and the Analytical CORE Facilities were
supported by NIH/NCRR (Award Number: G12RR013459) and NIH/NIMHD (Award
Number: G12MDO007581).
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The surface reactivity of pure and functionalized anodized aluminum oxide nanopores
(AAO) has been studied by the hybrid quantum mechanics/molecular mechanics
approach. Adsoprtion of small organic probe molecules (including explosives RDX,
PETN, TNT and TATP) on the pore surface was computed using the B3LYP/6-31G* for
the adsorbate and its immediate vicinity and a universal force field for the rest of the
system. The obtained adsorption energies correspond to physisorption consistent with
the absence of the chemical bonding between the probe molecules and the pores.
Functionalization of AAO with various groups allows for fine-tuning the surface reactivity
towards the adsorbed species. The adsorption energy of the probe molecules depends



on the pore size, adsorbate geometry, and the polarity and the chain length of the
functional groups.
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Functionalization of the silica surface with organic/inorganic moieties has a lot of
potential applications in various fields, like catalysis, sensors, etc. Powder and pellet
forms of mesoporous silica were reacted first with triethylamine, and then functionalized
with alkylmethoxy and alkylethoxysilanes. Solid-state °Si and **C CP/MASNMR
spectroscopy, total internal reflection FTIR, and thermogravimetric analysis was used to
characterize the functionalized samples. Results show samples functionalized with
hexyl trimethoxysilane have highest loading as determined by solid state NMR. Direct
injection mass spectroscopy was used to look at the stability of these materials.
Significant hydrolysis due to absorbed water was observed for many of the samples.
The hexyl trimethoxysilane functionalized material has a substantially lower hydrolysis
rate when compared to the methyl functionalized samples.
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Frictional properties of graphene on hydrophilic and hydrophobic silica surfaces
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Microelectromechanical system devices (MEMS) suffer from severe wear and short
lifetimes from high pressure asperity-asperity contacts due to the nature of their rough
surfaces. Recently nanoscale carbon lubricants, such as graphene, are of interest as
protective surface coatings for MEMS. Here, AFM has been used to investigate the
frictional properties of graphene on hydrophilic and hydrophobic nanoparticle films,
which model the nanoscaled asperities found on realistic surfaces. These AFM studies
revealed that graphene partially conforms to the rough surfaces and as the number of
layers increase, conformity decreases due to stiffening of the thicker layers, but
increases under mechanical loading. Friction nominally decreases as a function of layer
thickness, but was also found to depend on contact area of the tip and interfacial shear
strain of the graphene associated with its adhesion to the substrate.
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Segregation of dye molecules on TiO; surfaces through the use of covalent
organic framework monolayers
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Dye-sensitized solar cells (DSSCs) are promising for collecting solar energy. However,
one of the difficulties is that dyes tend to aggregate on the surface of the titanium
dioxide (TiO,) leading to lower efficiencies. To improve this, a novel concept was
investigated where covalent-organic framework (COF) monolayers were formed on the
surface of the titania electrodes and then coated with dye molecules. COF monolayers
on surfaces are very useful due to the variable pore size of the frameworks that can be
tuned to specific dyes and lead to increased efficiencies and decreased aggregation.
The COF monolayers used were previously reported on Au, Ag and HOPG surfaces.
Surface characterization techniques such as scanning tunneling microscopy (STM),
contact angle, and UV-Vis absorption spectra were used to characterize the successive
layers. AM 1.5 solar simulation and external quantum efficiency measurements were
used to determine the impact of the nanostructures on the overall photovoltaic
performances.
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Dissociation of chlorobenzene on a double dimer cluster model of Si(100) surface
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The adsorption and dissociation of chlorobenzene on Si(100) surface was modeled
using density functional theory. A double dimer cluster was used to represent the (100)
face of silicon. Initial adsorption occurs by breaking one double bond on the phenyl ring
and forming two new carbon-silicon bonds with the dimer cluster. For further
dissociation to occur, the system must undergo a spin crossing process from the singlet
electronic configuration to a higher energy triplet state. After this spin crossing event,
the carbon-chorine bond is broken and a new silicon-chlorine bond is formed. This
cleavage is followed by an additional cleavage of the bond between one of the two
carbons attaching the ring to the silicon dimer. This restores the aromaticity of the
phenyl ring, and results in a lower energy product. The final product is a dissociation
product with chlorine and a phenyl ring attached directly to the (100) surface of silicon.
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Capping agent removal and improved biosensing with gold nanostars
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Complex nanoparticle stuctures, such as nanostars® and spiky nanoshells® and
nanorods®, have been shown to have increased field intensities and increased
sensitivity to changes in index of refraction. However, their utilization in Localized
Surface Plasmon Resonance (LSPR) biosensing has been severely limited by the
presence of capping agents, which coat the surface of the metal structures and prevent
protein binding. In this presentation, a method for removing the capping agent
polyvinylpyrrolidone (PVP) from gold nanostars is described. The capping agent free
nanostars are then utilized towards biosensing by measuring shifts in LSPR frequency
upon addition of a biotin linker followed by Streptavidin protein. The measurements
reveal large blue shifts in more than one LSPR peak frequency (~40 nm) with PVP
removal. Upon biotin functionalization and protein binding, red shifts of similar
magnitude are observed in the same peaks. Moreover, the measured SERS intensities
of benzenethiol absorbed on both PVP coated and uncoated nanostars show that
uncoated nanostars have significantly higher SERS enhancement factors, revealing the
uncapped gold nanostars as one of the best SERS substrates known.

1. Nehl, C., Liao, H., and Hafner, J., Nano Letters, 2006 , 6(4) 683-688.
2. Sanchez-Gaytan, B., and Park, S., Langmuir, 2010 , 26(24) 19170-19174.
3. Murphy, C. J., Jana, N. R., Advanced Materials, 2002 , 14(1) 80-82.
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organosilanes prepared by particle lithography
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We are developing approaches for surface patterning of proteins using particle
lithography to prepare spatially selective nanopatterns of organosilanes. Our goals are
to apply measurements with scanning probe microscopy (SPM) for studies of
biochemical reactions at the molecular level. High resolution SPM imaging can be
achieved with well-defined surface arrangements of proteins that can persist despite the
perturbation of a scanning probe. The headgroups of silane self-assembled monolayers
(SAMs) provide robust sites for linking proteins to glass, mica or silicon substrates. Our
strategy was to prepare chemically patterned surfaces of organosilane SAMs to direct
the binding of proteins within spatially confined surface sites. Spatially selective
surfaces were fabricated using particle lithography with selected diameters of
monodisperse mesospheres of latex or silica. Protocols based on particle lithography
offer advantages of high throughput, reproducibility and ease of preparation. By
changing the diameter of the mesosphere masks, the periodicity and surface density of
reactive sites (nanoholes) can be reproducibly controlled to simultaneously generate



millions of organosilane nanostructures. For example, the number of protein binding
sites can be adjusted to range from three to 80 nanopatterns per square micron. Images
acquired with SPM disclose that proteins (fibronectin, fibrinogen) attached primarily to
the surface areas presenting reactive head groups, which were surrounded by methyl or
PEG-functionalized silanes. Analysis of the surface changes after each reaction step
was visualized using SPM. The activity for binding antibodies was evaluated to confirm
that after immobilization the surface-bound protein retained capacity for binding IgG.
Studies with SPM provide advantages of achieving nanoscale resolution for detecting
surface changes without requiring chemical modification of proteins or fluorescent
labels. Surface platforms of organosilane nanopatterns are suitable for studies of
protein binding, such as for screening the selectivity of fluorescent markers and for
investigating the binding of small molecules to proteins.
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Single-stranded RNA selective permeation through nanopores in a virus capsule
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Virus-like particles (VLPs), which are the genome-free component of native viruses,
have been studied as therapeutic or diagnostic tools because of their inner space that
can hold drug molecules and good dispersion in serum. There are many 2.0 nm
apertures, “nanopores”, in a VLP surface which small molecules can permeate but
larger molecules cannot. Here, we report that single-stranded RNAs (ssRNAs) can pass
through nanopores in a surface of VLPs from JC polyomavirus, but double stranded
RNAs can not.

Capsid viral protein 1 (VP1) derived from JCV contains six cysteine residues, however
only cysteines located on the internal surface of the virus particle, are exposed to the
solvent. VLPs were incubated with single or double stranded FITC-labeled RNAs which
contain the thiol reactive group: N-succinimidyl 3-(2-pyridyldithio)propionate (SPDP) at
room temperature for 1 h. The number of encapsulated RNAs through cysteines in a
single VLP was estimated after purification by size exclusion chromatography (SEC

) by fluorescent measurement. The number of encapsulated ssRNAs was larger than
that of dsRNAs, indicating that SSRNA can pass through nanopores in a surface of
VLPs. Our results suggest that virus capsules could be useful device for trapping or
sensing of target SSRNAs.
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Optical properties of bi-icosahedral Au,s and Auzsclusters: Influence of central
gold atom
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Temperature-dependent absorption and ultrafast luminescence measurements of
[Au4(PPh3)10(SC2H4Ph)sCl, ]° (bi-Au24) were studied and compared with
[Au2s(PPh3)10(C6S)sClz J** (bi-Au.zs). The investigations are carried out on these two
clusters as they are structurally similar except for the absence of central Au atom for bi-
AUog.

The objective of the work is to probe the influence of the central gold atom on the optical
transitions and electron-phonon interactions in bi-icosahedral nanoclusters. The
investigations are focused both on the electron-phonon as well as hydrogen bonding
interactions of axial Cl atoms with hydrogen bonding solvents and their influence on the
vibronic transitions. It was theoretically shown that the absorption at 670 nm arises due
to coupling of two icosahedrons which Au 25 does have and Au,4 does not. While for
Augy4, broad band at ~560 nm was observed which was due to the interactions of the
two units ( two Aujz units) and 415 nm shoulder Peak and 383 nm band is due to the
electronic transitions related to the localized electronic structures of the individual 12
units. All these peaks becoming sharper and blue shifted when it goes to lower
temperatures and it increases the Oscillator strength and also it showed a new peak
around 480 nm in lower temperatures. The electron-phonon interactions were obtained
from fitting the band gap data as a function of temperature. Solvent dependent
absorption measurements and Ultrafast luminescence measurements shows the
hydrogen bonding formation of clusters with the solvents.
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Ultrafast charge-transfer luminescence dynamics in catechol derivatives
sensitized TiO, nanoparticles
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Small molecules with ene-diol anchoring groups such as catechol form localized
molecule-semiconductor charge-transfer complex with TiO, nanoparticles. We have
shown in an earlier investigation that ultrafast luminescence dynamics and
corresponding anisotropy can be used to probe the localized/delocalized nature of the
transitions and the charge-transfer dynamics. In this work, efforts were focused to
understand the donor and acceptor strength of small molecule on the
localized/delocalized nature of the charge-transfer transitions and correlate them to
charge separation dynamics. The investigated molecules, as seen in figurel, include 4-
nitrocatechol, 3-methoxy catechol and 3,4-dihydroxy benzoic acid, 3,4-dihydroxy
benzonitrile and 3,4-dihydroxy benzaldehyde, and aminosalicyclic acid. The
femtosecond fluorescence upconversion and transient absorption measurements are
utilized to probe the charge-transfer dynamics in these catechol derivatives sensitized
TiO2 nanoparticles. Interesting charge-transfer dynamics is observed. The ultrafast
luminescence dynamics and anisotropy measurements have shown that increasing the
donor strength of the catechol led to relatively more delocalized charge-transfer
transitions than the catechol derivatives with an acceptor. The transient absorption
dynamics have shown that the charge recombination is slowed down with increasing
donor strength of catechol suggesting that the hole is localized away from the surface of
the nanoparticle and thus increasing the charge separation. In addition, the charge
recombination dynamics for catechols in solution and thin films are found to be entirely
different. Though the solution phase measurements have shown ultrafast charge
recombination for catechol sensitized TiO, nanoparticles, the thin film investigations
have shown long-lived charge separation suggesting that the chromophores with
catechol can be used in solar cell and photocatalytic applications.
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COLL 250
Catalytic pyrolysis of cellulose over bimetallic (Ni-Co) oxide nanoparticles

Hongyi Wu, hongyi_wu@subr.edu, Edwin Walker, hywu2002@gmail.com.Southern
University, Baton Rouge, LA 70813, United States



Bimetallic (Ni-Co, 1:1) oxide nanoparticles (BNPs) supported on Al,O3 was prepared by
using the G1 PAMAM dendrimer as template which immobilized metal ion on substrate.
Thermally removal of dendrimer backbone resulted formation of Al,O3 supported Ni-Co
oxide NPs with a mean size of ~4.3 nm, as indicated by (X-ray Diffraction) XRD, and
transmission electronic microscope (TEM). BET and drift FTIR techniques were also
used for the surface characterization. To evaluate the catalytic activity of the synthetic
Ni-Co BNPs with comparison to the mono NiO nanoclusters prepared by same
dendrimer technique and micro-size NiO particles prepared by traditional impregnation,
all the catalysts were premixed with cellulose fine crystal in a 10wt% ratio for pyrolysis
test (N, atmosphere). The weight loss of cellulose was monitored by TGA from 100 to
800 °C and the final yield of char was weighed immediately after cool down. Under the
same experimental condition, the initial temperature of cellulose decomposition (weight
loss) and the mass of char yield were examined in all three catalysts case, using pure
cellulose pyrolysis as reference.

COLL 251

Multistate switching of redox active unimolecular device based on electroless
plated gold nanogap electrodes

Yoshiki Kobayashi'?, ykobayashi@nanoele.msl.titech.ac.jp, Aoyama Eiki*®, Makoto
Kawamoto™?, Yoshiaki Shoji?, Takanori Fukushima?, Yutaka Majima™**.A (1) Materials
and Structures Laboratory, Tokyo Institute of Technology, Yokohama, Kanagawa 226-
8503, JapanA (2) Chemical Resources Laboratory, Tokyo Institute of Technology,
Yokohama, Kanagawa 226-8503, JapanA (3) CREST-JST, Yokohama, Kanagawa 226-
8503, JapanA (4) Department of Printed Electronics Engineering, Sunchon National
University, Sunchon 540-742, Japan

As a function of molecule is peculiar to applicable, the 1T conjugated structure molecular
devices attract much attention as nanoscale devices in recent years. In order to realize
a molecule device, it is necessary to establish the fabrication processes of solid state
molecular devices. In this study, a filler molecule (1) which has multi-electronic
oxidation-reduction activity was introduced into the gold nanogap electrode from its
solution. The filler molecule (1) was introduced between Gold nanogap electrodes with
a 1~3 nm gap separation were prepared by EB lithography and a surface catalyzed
electroless gold plating method. The current-voltage characteristic was measured
performed at 9 K and room temperature under a vacuum. Tunneling current showed
several constant states under a constant bias voltage at 9 K (fig.1a). Conductance
states shows five values, by the Gaussian fitting of the histogram, and they are 203
NGy, 215 NGy, 224 nGy, 241 nGyp, and 250 nGy, respectively (fig.1b). Here, Gois 77 uS.
These multi-stage switching effect are attributes to multi states of one filler molecule (1)
oxidation-reduction. Therefore, this filler molecule (1) is a candidate of a component of
multi-stage memory.
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COLL 252
XAFS and DFT study on Ni,P catalyst for hydrodeoxygenation of bio-oil

Ji-Sue Moon, harry2030@naver.com, Yong-Kul Lee.Department of Chemical
Engineering, Dankook University, Yongin, Gyunggi 448701, Republic of Korea

A Ni,P/SiO, catalyst was prepared and applied for the hydrodeoxygenation of guaiacol.
The physical properties of the catalyst samples were characterized by BET, CO uptake
chemisorption, and TPR. X-ray diffraction (XRD) and extended X-ray absorption fine
structure (XAFS) spectroscopy were used to obtain structural properties for the
supported Ni,P catalysts. Hydrodeoxygenation (HDO) tests were performed in a
continuous flow fixed-bed reactor at 523-573 K, and 1 or 8 atm, and an LHSV of 2.0 h™.
The Ni,P/ SiO,gave an HDO conversion over 90% with two different reaction pathways
being identified; at 1 atm direct deoxygenation was dominant to produce benzene, and
at 8 atm prehydrogenation followed by deoxygenation was preferred to produce
cyclohexane. A combined X-ray absorption fine structure spectroscopy and density
functional theory analysis revealed that the active site of Ni,P catalysts is composed of
three-fold hollow Ni and P sites which lead to adsorption of H or OH groups. These
results suggest that direct deoxygenation is favored over OH surface, and
prehydrogenation was favored over the more reduced surface of Ni,P catalyst.



COLL 253
Synthesis and characterization of environmentally benign nanoparticles

Alexander P Richter?, aprichte@ncsu.edu, Vesselin N. Paunov?, Simeon D.
Stoyanov®, Orlin D. Velev'.A (1) Department of Chemical and Biomolecular
Engineering, North Carolina State University, Raleigh, NC 27606, United StatesA (2)
Department of Chemistry, University of Hull, Hull, United KingdomA (3) Laboratory of
Physical Chemistry and Colloid Science, University of Wageningen, Wageningen,
United States

There has been a growing interest in replacing current non-biodegradable and toxic
nanosystems with environmentally benign biopolymer based ones to minimize post-
utilization hazards due to uncontrolled accumulation of nanoparticles in the
environment. Lignin based nanoparticles (NPs) are biodegradable, environmentally
benign, and may be potentially employed as foam and emulsion stabilizers, as drug
delivery system, and as matrices for environmental remediation systems. We will report
means of synthesizing such Environmentally benign Nanoparticles (EbNPs) in a simple,
inexpensive, and non-toxic way. Dynamic Light Scattering is employed to measure
EbNP size distributions as a function of the operating parameters such as pH drop
magnitude, initial modified lignin loading in stock solution, and choice of solvent. Particle
morphologies and shapes are determined by Transmission Electron Microscopy. We
used two modified lignin, Indulin AT (IAT) and High Purity Lignin (HP-L), and applied
environmentally friendly acid precipitation technology and solvent exchange
precipitation method for EbNP synthesis. For IAT EbNP formation, the water-water
based pH drop method results in nanoparticles with only limited pH stability ranging
from pH 1.80 to pH 3.0. By utilizing the ethylene glycol (EG)-water based pH drop
method we were able to obtain IAT EbNPs with increased pH stability ranging from pH
4.0 to 9.0. IAT is dissolved in EG, in which IAT EbNPs formation is triggered upon acid
addition. We hypothesize that the pH stability of these EbNPs is due to a favorable
molecular stacking facilitated by EG prior to precipitation. For HP-L EbNP synthesis we
employed a solvent antisolvent precipitation process resulting in EbNPs with pH stability
ranging from pH 4.0 to 9.0. All native IAT and HP-L EbNPs bear negative surface
charges and are electrostatically stabilized. Post treatment options for surface charge
modification to positive via adsorption of positively charged polyelectrolytes have been
explored and formulated.

COLL 254

STM study of isomerization mechanism for a single azobenzene derivative

Emiko Kazuma®, emiko.kazuma@riken.jp, Mina R Han?, Junepyo Oh*, Yousoo Kim*.A
(1) Surface & Interface Science Laboratory, RIKEN, Wako, Saitama 351-0198, JapanA

(2) Department of Molecular Design & Engineering, Research Center for Materials
Backcasting Technology, Nagoya University, Nagoya, Aichi 464-8603, Japan



The cis-trans isomerization mechanism of azobenzene has still been a controversial
issue. The proposed reaction pathways are (1) the CNN bending (inversion) and (2) the
CNNC torsion (rotation). We visualized the isomerization reaction of a single 4-
isopropoxy-3'-methoxyazobenzene (IPO-Az-MeO) molecule on a Ag(111) surface by
scanning tunneling microscopy (STM). The IPO-Az-MeO molecules deposited on Ag
have two stable cis-structures (cis-A, B) and the reversible conformational changes
between cis and trans were achieved by injection of tunneling electrons. We found that
the conformational changes from cis-A were based on the inversion pathway, but on the
other hand, the changes from cis-B were based on the inversion or rotation pathway,
which suggests that the isomerization mechanism is different depending on the initial
structure of the molecules.
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Layer-by-layer assembly of amphiphilic diblock copolymer aggregates

Lin Xiao?, xiao_forest@yahoo.com, Renata Vyhnalkova®, Guang Yang', Adi
Eisenberg®.A (1) College of Life Science and Technology, Huazhong University of
Science and Technology, Wuhan, Hubei 430074, ChinaA (2) Department of Chemistry,
McGill University, Montreal, Quebec H3A 2K6, Canada

Planar and spherical layer-by-layer (LbL) multilayer structures composed of various
combinations of sequentially deposited self-assembled layers of individual block
copolymer aggregates (vesicles, micelles) with negatively or positively charged corona
chains were prepared and characterized. The multilayers consist of the combinations of
layers of various charged species: vesicles or micelles of poly(styrene)-b-poly(vinyl
pyridine) (PS-b-P4VP) or of poly(styrene)-b-poly(acrylic acid) (PS-b-PAA). The strong
interaction between the successive layers is achieved by electrostatic interactions
between the oppositely charged aggregate layers. The overall thickness/size of such
planar and spherical multilayers can vary depending on the complexity of the structure.
Moreover, rather dense layers of aggregates with their original morphologies were
achieved compared with the previous studies, and the reason for which was disclosed
preliminarily. These novel multilayer structures including the first examples of block
copolymer vesicles aggregating onto block copolymer vesicles could potentially be used
as carriers for multiple functional components.



o'o RRERA

Polymer aggregates L-b-L technique
| |

Functionalize and
application

COLL 256
Structure-property relationships of polymer surfactants for enhanced oil recovery

Jason A. Mann?, jam12@rice.edu, Alexander Rodriguez-Hernandez', Gedeng Ruan’,
James M. Tour*?® A (1) Department of Chemistry, Rice University, Houston, Texas
77005, United StatesA (2) Department of Mechanical Engineering and Materials
Science, Rice University, Houston, Texas 77005, United StatesA (3) Smalley Institute
for Nanoscale Science and Technology, Rice University, Houston, Texas 77005, United
States

Primary extraction of crude oil obtains less than half of a reservoir's total oil. Increasing
worldwide energy demand has driven increased interest in enhanced oil recovery
(EOR), which will provide access to two to three times more oil from each well.
However, the efficiency and economic viability of current EOR technologies have
prevented their industry wide implementation. Surfactant polymer flooding uses a



complex mixture of small molecule surfactants and macromolecular viscosifiers to
mobilize trapped oil and enhance fluid control. However, these methods often require
additives to achieve the ultra-low oil-water interfacial tensions required to mobilize
trapped oil, and thus require substantial formulation. To overcome this limitation we
have leveraged controlled radical polymerization to develop a modular synthesis of
polymer surfactants, allowing us to study the structure-property relationships associated
with ultra-low interfacial tension.

COLL 257
Understanding bacterial adhesion: For design of materials to control biofouling

Sumedha Sharma, sumedha.sharmal@gmail.com, Jacinta C Conrad.Department of
Chemical and Biomolecular Engineering, University of Houston, Houston, Texas 77204,
United States

Rational design of anti-fouling surfaces for applications in oil recovery and transport,
water treatment and healthcare requires preventing bacterial adhesion as a critical first
step towards reducing biofilm formation. Conversely, applications in bioenergy such as
biological fuel cells may require promoting attachment of cells to surfaces. Controlling
bacterial attachment for all such applications requires fundamental understanding of
bacteria-surface interactions and adhesion mechanisms. We investigate the attachment
behavior of Escherichia coli on silanized glass surfaces during flow through a linear
channel at flow rates of 0.1—1 mL/min using confocal microscopy. We deposit self-
assembled monolayers of organosilanes on glass and track the position and orientation
of bacteria deposited on these surfaces during flow using high-throughput image
processing algorithms. We find significant difference in deposition and mode of
attachment of cells as a function of surface chemistry and surface energy. We find that
the deposition rate is higher and cells move less on cationic surfaces than on a neutral
surface of comparable surface energy. Deposition on a neutral surface is comparable to
that on an unmodified glass surface. The localized angular displacement on unmodified
glass and non-cationic surfaces indicates that the cells are tethered via bacterial
appendages. Our results suggest that for cationic surfaces, electrostatic interaction is a
dominant mechanism of attachment while for non-cationic surfaces, appendage driven
mechanism emerges as the dominant one.

COLL 258

Computational study of surface assembly of anisotropic nanoparticle dimers
Blake A Wilson, blake.wilson@utdallas.edu, Irving C Tsou, Steven O
Nielsen.Chemistry, University of Texas at Dallas, Richardson, Texas 75080, United

States

Formation and controlled growth of ordered phases on a surface is of great interest in
electronics research and development. Although the self assembly of many different



nanoparticle systems have been extensively studied, advances in nanoparticle
synthesis techniques over the past decade have allowed for the creation of ever more
complex multi-meric nanoparticle units, such as dimers, trimers, and tetramers. The
surface self assembly of these relatively new types of structures have yet to be well
characterized. Our work focuses on charged nanopatrticle dimers using molecular
simulation techniques. We anticipate that a uniqgue combination of size and charge
anisotropy within nanoparticle dimers will lead to interesting ordered phases on a
surface. Computational study and characterization of these systems will lead to a better
understanding of the interactions which could drive surface assembly within multi-meric
nanoparticle systems.

COLL 259
Site-directed nanochelators for reversing metal-induced protein aggregation

Marilyn R. Mackiewicz, mackiewi@pdx.edu, Molly Clifton.Department of Chemistry,
Portland State University, Portland, OR 97201, United States

The cognitive decline in Alzheimer's disease (AD) resulting from neuronal cell death has
no cure, identified cause, or early diagnoses. With patient care estimated at >$604
billion/year globally, there is strong motivation to develop early diagnostics and
therapeutics. According to the “metal hypothesis of AD”, metals such as Fe'", cu", zn",
and Al" bind to beta amyloid (AB) peptides to form oligomers and aggregates that
deposit in the form of senile plaques. These metallated-AB species disrupt membranes
or undergo redox cycling aerobically in the presence of Cu”™ or Fe"" and a reducing
agent to generate reactive oxygen species (ROS). The resulting oxidative stress leads
to weakened synaptic cell signaling and neuronal cell death. However, depending on
the experimental conditions and type of beta amyloid aggregate; inhibitory effects have
been observed. For example, Cu" ions are known to inhibit aggregation and fibrillation
by Zn"ions. Consequently, a better understanding of how metals induce aggregation is
crucial. Despite these contradictory studies, the most convincing evidence that suggest
there is a link between metal ions and AR comes from chelation studies showing clinical
improvement of patients with AD. These studies demonstrate that metal chelation is a
sound disease modifying strategy. While chelators are effective in vitro, there are
associated toxicities in vivo, >98% fail to cross the blood brain barrier (BBB), and very
few target metallated-ApB. Site-directed metal specific chelators that cross the BBB is of
significant interest. Therefore, we will present a new class of chelators with a modified
architecture to target metallated-Ap. These chelators templated on gold nanoparticles
that can be used as a vehicular platform to improve delivery across the BBB and metal
capture. Fluorescence anisotropy, dynamic light scattering, and the localized surface
plasmon resonance band of gold nanopatrticles will demonstrate the utility of these
nanochelators to reverse metal-induced aggregation.

COLL 260

Nanochelators for sensing and targeting iron in cancer cells



Tan Nguyen, tan7@pdx.edu, Marilyn R Mackiewicz.Department of Chemistry, Portland
State University, Portland, OR 97201, United States

Despite rapid advances in early diagnostics and treatments, cancer remains one of the
most deadly diseases killing over 1500 Americans each day. These are the driving
forces for new cancer therapies and diagnostics. Cancer begins with accumulation of
mutations in DNA causing a normal cell to transform into a proliferating tumor cell. The
resulting unregulated cell growth is governed by disruption in reactive oxygen species
(ROS) and iron (Fe) homeostasis that are carefully managed in normal cells. Iron
catalyzes Fenton reactions to produce ROS that damage DNA and other biomolecules
leading to carcinogenesis. While high levels of ROS are detrimental to the cell, it also
stimulate oncogene c-Myc allowing tumor cells to adapt to high levels of ROS
enhancing cell proliferation. While the mechanisms of Fe homeostasis and the effects of
ROS species are not well understood, these species are excellent molecular targets.
The most convincing evidence supporting iron depletion as a disease modifying strategy
comes from studies showing that chelators have significant antiproliferative properties
reducing tumor growth through Fe chelation. Unfortunately, chelators also bind to Fe in
normal cells presenting a similar challenge to traditional chemotherapy where the
administered drug affects the whole body leading to toxicity. To minimize the effects on
healthy cells site-directed iron chelators are needed. In addition, iron-chelates that
produce ROS to kill cancer cells are also of significant interest. Therefore, we will
discuss the design of a new class of site-directed iron chelators using a gold
nanoparticle platform. We will demonstrate that these chelators have high iron uptake
using dynamic light scattering, and the localized surface plasmon resonance of gold
nanoparticles. In addition, using a fluorophore-label we will show that nanochelators can
detect metal ions at low concentrations. These nanochelators will serve as a platform
for developing optical chelating agents and metal sensors.

COLL 261

Paper-based colorimetric sensor for sensitive and selective detection of 2,4,6-
trinitrotoluene

Shantelle | Hughes, shanihuz@gmail.com, Samuel S. R. Dasary, Hongtao
Yu.Chemistry and Biochemistry, Jackson State University, Jackson, MS 39217, United
States

Colorimetric sensors on patterned paper or plastic have been developed as the least
expensive, user-friendly alternative to conventional analytical instrumentations. Despite
the rapid progress, significant advancements are still necessary to achieve highly
sensitive detection of a broad range of chemical targets. In this approach, a charge
tranbsfer complex strategy for the recognition of 2,4,6-trinitrotoluene (TNT) is adopted
using 3-aminopropyltriethoxy silane (APTES). TNT selectively forms an intense red
complex when mixed with aminosilanes and the color intensity is directly proportional to
TNT concentration. The UV-Vis spectrum of the complex shows a strong peak around
530 nm. The amine terminated silane slides/glass fiber filter paper form an active site



for TNT binding, resulting in a sharp color change from white to intense red color. Due
to the absence of the charge transfer complex in the other nitroaromatics, this test is
highly selective. Selectivity tests against other nitroaromatics, such as picric acid, 2,4-
dinitrotoluene, and 4-nitrophenol, showed no interference with TNT. The color intensity
of the paper sensor increased with increasing TNT concentration and was later
guantified using simple color intensity quantification software. Since TNT and its
degradation products enter environmental water and soil, liquid phase samples were
tested. TNT concentration as low as 1 uM in spiked samples and 5 uM in environmental
samples could be repeatedly tested without any difficulty. The paper sensor is rapid and
it took less than 5 minutes for the color development and color scanning. The coating
and preparation of the filter papers as sensor platforms was carried out in toluene
medium and inert atmosphere.

COLL 262

Studies of MgO and ZnO clusters and nanoparticles: Nucleation and growth by
sonochemical method synthesis

Anthony Lopez Collazo, ejferrer@ponce.inter.edu, Carolina Pellicier, Angel G. Colon
Santiago, Joseph Gonzalez Gonzalez, Eulalia Medina Perez, Edmy J Ferrer
Torres.Department of Science and Technology, Interamerican University of Puerto Rico,
Ponce, Puerto Rico 00715, Puerto Rico

Synthesis of ZnO and MgO nanoparticles was done using sonochemical method.
Colloidal and powder nanoparticles were obtained using zinc sulfate hydrate and
magnesium chloride as zinc and magnesium sources respectively. Tetramethyl
ammonium was employed as a surfactant. Polyvinyl Alcohol (PVA) and
Polyethileneglycol (PEG) were used as stabilizers. Characterization, following
synthesis, was done using optical spectroscopy (Ultraviolet Spectroscopy), Infrared
Spectroscopy (FT-IR), X-ray diffraction (XRD) and Scanning Electron Microscopy
(SEM). Kinetics studies were done to further information on nucleation and growth.
These studies include changes in: reactants concentrations, sonication time and titration
rate and heating time. Optical studies show the formation of the clusters and the
nanostructures. The absorption bands for the nanostructures formation were centered in
358 nm for ZnO nanoparticles and 335 nm for MgO nanopatrticles.

COLL 263
Interaction of phenol with ZnO(1010) and (0001) surfaces

Mark F DiTusa!, mditusl@gmail.com, Chad A Thibodeaux?, Matthew C Patterson’,
Orhan Kilzilkaya®, Richard L Kurtz*, Phillip T Sprunger*, Erwin D Poliakoff>.A (1)
Department of Physics and Astronomy, Louisiana State University, Baton Rouge, LA
70803, United StatesA (2) Department of Chemistry, Louisiana State University, Baton
Rouge, LA 70803, United StatesA (3) Center for Advanced Microstructures and
Devices, Baton Rouge, LA 70808, United States



The electronic and structural properties of phenol adsorbed on ZnO(1010) and (0001)
surfaces has been studied both experimentally and computationally. The motivation of
this study is to understand how environmentally persistent free radicals (EPFRs) are
formed in nature. Metal oxides particles such as ZnO and TiO, are known to create
EPFRs when exposed to chemicals such as phenol and catechol. The research
attempts to better understand the underlying mechanism of EPFR formation on metal
oxides, and corresponding electron transfer/reduction, by probing the atomic and
electronic properties of chemisorbed species as a function of dose and annealing
temperature. Based on prior EPR measurements, it is known that phenol forms free
radicals when exposed on ZnO power at elevated temperatures (> 400 K). In the current
study, phenol was dosed onto single-crystal ZnO(1010) (non-polar surface) and
Zn0O(0001) (solely zinc terminated) surfaces under UHV conditions at differing
temperatures. The samples were examined with low energy electron spectroscopy
(LEED) and electron energy loss spectroscopy (EELS) both before and after dosage
with phenol. LEED shows that the phenol created a c(2x2) superstructure on the
surface of the Zn0O(1010) at 300 K. Electronic EELS confirms phenol's presence. When
physisorbed (100 L) at 96 K, EELS reveals the T—1* at 6.5 eV is nearly unperturbed
from the phenol gas phase value (6.68 eV). However, at temperatures between 300 and
500 K, the m—11* transition of phenol shifted down by 0.5 eV due to a collapsed HOMO-
LUMO gap. This reflects a perturbation of the electronic properties associated with
chemisorption that varies slightly depending upon crystallographic surface. Ongoing
calculations (Gaussian/TD-DFT) will also be presented along with vibrational properties.
These tests help to better elucidate the propensity of radical formation and stabilization
on these metal-oxide surfaces.

COLL 264

Subsurface imaging of the metal cores of polymer coated cobalt nanoparticles
with force modulation microscopy

Steve M Deese’, sdeesel@Isu.edu, Lauren E Englade-Franklin®, Lawrence J Hill?, Jeff
Pyun?, Julia Y Chan®, Jayne C Garno*.A (1) Department of Chemistry, Louisiana State
University, Baton Rouge, LA 70803, United StatesA (2) Department of Chemistry and
Biochemistry, University of Arizona, Tucson, AZ 85721, United StatesA (3) Department
of Chemistry, University of Texas at Dallas, Richardson, TX 75080, United States

The force modulation microscopy (FMM) mode of scanning probe microscopy is often
used to characterize hard and soft regions of heterogeneous polymer films. The FMM
mode can acquire information of the mechanical properties of samples along with
information of topography. Phase and amplitude images are acquired simultaneously
with topography frames that sensitively disclose fine details of the surface morphology.
For FMM, the scanner is operated in contact-mode while the sample stage is driven to
vibrate. For our investigations, a home-built FMM sample stage was constructed with a
piezoactuator located underneath the sample to drive the sample vibration. The
magnitude and frequency of vibration can be controlled according to selected
parameters of the driving AC signal. As the tip is scanned in contact with the vibrating



surface, the force applied by the probe is modulated according to the hardness or
softness of sample domains. When characterizing core-shell nanoparticles of cobalt
encapsulated within a film of polystyrene, we found that the hard core of the metal
nanoparticles could be sensitively imaged using FMM at resonant frequencies.
Essentially, FMM enabled discrimination of subsurface features of polymer-coated
cobalt nanoparticles. Particle lithography was applied for preparing samples to organize
the arrangement of nanoparticles into circular rings on surfaces of Si(111). Successful
FMM characterizations were achieved reproducibly for nanoparticle samples with
exquisite resolution at the level of individual nanoparticles measuring 30 nm in diameter.
Amplitude Phase

COLL 265

Antimicrobial activity of enhanced antibiotics mixed with MgO, and CuO
nanoparticles

Raul Aleno Torres, ejferrer@ponce.inter.edu, Mariel del Rosario Baez Miranda,
Anthony Lopez Collazo, Jamie Ann Velez Castro, Marangelie Feliciano, Eulalia Medina
Perez, Lourdes Diaz Figueroa, Edmy J Ferrer Torres.Science and Technology,
Interamerican University of Puerto Rico, Ponce Campus, Ponce, Puerto Rico 00715,
Puerto Rico

Resistance of bacteria to antimicrobial agents leads to the increase of strongest
bacteria strains capable of causing dangerous infections. Scientists are challenged
creating new antibiotics for bacteria that continuously increase their resistance.
Nanotechnology provides innovative alternatives for treatments. This study shows the
antimicrobial effects of enhanced antibiotics with MgO and CuO nanoparticles. Our goal
is to develop more effective treatments against resistant bacteria, and nosocomial
infections, developing new enhanced antimicrobial agents using nanoparticles. Three
antibiotics, Gentamicin, Ciprofloxacin, and Cephalexin, at two different concentrations
were used against Escherichia coli (ATCC # 10536), Staphylococcus aureus (ATCC #
BAA-1026), and Pseudomonas aeruginosa. (ATCC # 10145 ). Our results revealed the
impact of specific concentrations of antibiotics comparing to concentrations of antibiotics
mixed with nanopatrticles.

COLL 266



Synthesis and characterization of the theromotropic properties of polymerizable
catanionic surfactants

Kanika Marwaha, joser@uhd.edu, Robin Jose, Bonnie Flowers, Cynthia A Quifiones,
Troy A Cather.Natural Sciences, Universty of Houston Downtown, Houston, TX 77002,
United States

Two novel polymerizable catanionic surfactants were prepared from (12-
Acryloyloxydodecyl)trimethylammonium bromide with sodium bis(2-
ethylhexyl)sulfosuccinate (AOT) and sodium dodecylbenzenesulfonate (SDBS),
respectively. Their structures and purities were established using a combination of
techniques involving Fourier Transform Nuclear Magnetic Resonance (FTNMR) and
elemental analyses. Characterization of their thermotropic properties using Thermo
Gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) show that
these molecules have high thermal stabilities and are ionic liquids. Presence of acrylate
group reduces their isotropization temperature compared to the non polymerizable
counterpart. Furthermore, Polarized Light Microscopy (PLM) done on these molecules
shows them existing as liquid crystals at room temperature. Polymerized samples show
different mesomorphism than the monomeric surfactants and did not show liquid
crystallinity at room temperature.

COLL 267

Nanostructures of organosilanes prepared on Si(111) using particle lithography:
Characterizations with atomic force microscopy



Cody N Leegwater, cleegwl@tigers.Isu.edu, Zachary L Highland, ChaMarra K Saner,
Phillip C Chambers, Jayne C Garno.Department of Chemistry, Louisiana State
University, Baton Rouge, LA 70803, United States

There are not many tools available for making patterns at the nanoscale, however
particle lithography requires only a few basic chemistry steps with a centrifuge, lab oven
and inexpensive glassware. Expensive equipment such as lasers, electron or ion beams
and cleanrooms were not needed for making exquisitely small patterns. Approaches
with particle lithography were used to prepare nanopatterns of organosilanes with
designed packing densities. Different strategies were used with octadecyltrichlorosilane
(OTS) and 2-[methoxy(polyethyleneoxy)propyl] trichlorosilane (PEG-silane). To
accomplish particle lithography the substrates were coated with size-sorted latex or
silica mesospheres. The mesospheres provide a surface mask for protocols using
vapor-phase deposition or an immersion procedure. The surface mask of mesoparticles
was removed by steps of rinsing and sonication. Organosilane molecules self-assemble
in areas of the substrate that were not protected by the mesospheres to form
nanopatterns. Samples were characterized with atomic force microscopy (AFM) to
evaluate parameters of surface coverage, height, and periodicity. Precise local
measurements of the heights of nanostructures were obtained with AFM cursor profiles.
Exposed areas of Si(111) that were protected by the mesospheres provided millions of
regularly-arranged nanoscopic sites that can be used for further chemical reactions.
Organosilane nanostructures of OTS and PEG-silane provide a hydrophobic resist for
further patterning steps with nanoparticles, polymers or proteins. Example AFM images
of nanostructures will be presented to illustrate the versatility and reproducibility of
particle lithography procedures.
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COLL 268

Molecular dynamics study of the interface between polyaromatic hydrocarbons
(PAH's) and graphene: Insights into the aqueous dispersion mechanism of
graphene



Elias Gebremedhn Azene?, EliasGebremedhn.AZENE@umons.ac.be, Liping Chen?,
Andrea Minoia®, Andrea Schlierf?, Vincenzo Palermo?, David Beljonne®.A (1)
Department of Chemistry, University of Mons, Mons, Hainaut 7000, BelgiumA (2)
Department of FUNCTIONAL ORGANIC MATERIALS for Hi-Tech applications, ISOF —
National Research Council, Bologna, Italy

Amphiphilic compounds such as polyaromatic hydrocarbons (PAH's) with hydrophilic
side chains are widely used, as surfactants, in liquid-phase graphene exfoliation
method."*Whereas, understanding the PAH-graphene interface and the mechanism of
the exfoliation process is very helpful for designing surfactants with enhanced effects,
little is known in this regard. In this work, the interface between graphene and pyrene
compounds with systematic pattern of functionalization was studied, theoretically, using
force field methods. We have compared the relative conformation, in ethanol and vacuo,
of pyrene compounds with long-chain polar side-groups on graphene surface. We show
that in vacuo, the functional side groups interact with the surface to form a mixture of
conformations, while in ethanol they are fully desorbed from the surface and hang in the
solvent medium. We have also studied the adsorption mechanism of pyrene-based pH-
indicator dyes (pyrene sulfonates), on the surface of graphene, in aqueous medium.
When the pyrene core is highly functionalized with sulfonate, local minima were
observed on the adsorption free energy profiles, which correspond to a metastable
conformation in which the molecules are in an edge-on interaction with the surface. In
addition, the more the number of functional groups, the more the pyrene core is
engulfed and becomes less accessible. This reduces the attractive dispersive
interaction of the core with the surface and the hydrophobicity of the molecule, resulting
in lower adsorption free energy. But this situation is also dependent on the pattern of
functionalization; in the case when two corners of the core bear sulfonates, higher
dipole moment and adsorption free energy were found than for the case only one corner
is functionalized. Our results demonstrate the role of polar groups vs. aromatic cores in
suspension stabilization and how the extent and pattern of functionalization affects



P54

P53

P31

| (& —pay
L

PMF {keal mol )

Center of mass distance (nim)

References

[1] A. Xiaohong, S. Trevor, S. Rakesh, W. Christopher, M. L. Kim, W. Morris, K. N.
Saroj, T. Saikat, K. Swastik, Nano Lett. 10 (2010) 10 4295.

[2] L. Dong-Woo, K. Taehoon, L. Myongsoo, Chem. Commun. 47 (2011) 8259.
Symposium: A3.II Carbon Nanotubes and Graphene

COLL 269

Multiplex detection of DNA using silicon photonic microring resonators via
electrostatic functionalization
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Silicon photonic microring resonators are a newly established platform for sensitive,
multiplexed (128 sensors/chip), label-free, and real time detection of biomolecular
binding. Recently, our group has shown the ability of silicon photonic microring
resonators to quantitatively detect DNA, miRNA, mRNA, and proteins . These
biosensors are capable of having a significant impact on science and medicine,
especially in a clinical setting, due to the inherent efficiency, cost (<$1/assay), and
scalability of each trial.

Here we present a novel microring chip functionalization protocol which will decrease
analysis time and complexity by replacing covalent linkage between the capture strand
and sensor surface with electrostatic interactions. Ultimately, this will be applied to
detect asymmetric PCR products to quantitate the expression levels of multiple mRNA
(30+) relevant to glioblastoma multiforme, a lethal brain tumor.
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Assembly of 2D highly-ordered arrays of nanoparticle dimers directly on a
substrate



Maria T. Perez Cardenas, materesa@umd.edu, Melissa Meyerson, Zhihong
Nie.Chemistry and Biochemistry, University of Maryland, College Park, Maryland 20742,
United States

Two dimensional array (2D) of metal nanoparticles (MNPs) are of great interest in the
field of energy, optoelectronics, and biosensing because of their intrinsic optical
properties such as localized surface plasmon resonance. Top-down techniques such as
electron beam lithography and vapor deposition are commonly used to fabricate highly
ordered 2D array of MNPs. Though these techniques offer superior flexibility and
precision in arranging MNPs directly on a substrate, they are complex and expensive. In
order to incorporate nanostructures into functional devices, it is imperative to create an
effective, reproducible, and economic method to manipulate the systematic
arrangement of nanostructures patterning, alignment, and orientation on a substrate.
We developed a method to fabricate highly ordered 2D arrays of dimers of MNPs with
different compositions, sizes, and shapes directly on a substrate in a controlled manner.
This method involves i) the assembly of MNPs into 2D array with hexagonal packing
directly on a substrate via solvent evaporation process, ii) the selective removal of thiol
ligands from the top surface of MNPs by selective etching process without deteriorating
the 2D array, and iii) the subsequent assembly of other MNPs on top of the 2D array
through functional linkers or electrostatic interactions. MNPs with different sizes can be
readily integrated into the arrays to produce dimers with controlled symmetry. The
distance between dimer islands can be precisely controlled by tuning the ligands on the
MNP surface. This is a simple, and low-cost, general method for generating high-quality
arrays without the need of sophisticated and expensive instruments. Scanning electron
microscopy and atomic force microscopy were used to study the morphology of the
nanostructures as well as the topology of the 2D array of MNP dimers. This highly
ordered array of dimers may find applications in surface-enhanced Raman scattering
signal detection, photovoltaic devices, and photonic crystals.
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Preparation and characterization of Sn;.xFe O,.5 fibers, powders, and films
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Gerais, Bello Horizonte, BrazilA (3) University of Passo Fundo, Passo Fundo, Porto
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Transparent and conducting tin oxide is of great interest due to their potential
technological applications, such as: gas sensors, energy conversion, catalysts and
others. Appropriate doping can further enhance the conductivity of the SnO, material
with little loss of transparency. Isolated tin iron oxide (SnixFexO2.4) fibers with x(%)= 0,
2,4, 6, 8 and 10 were prepared by electrospinning technique. Anhydrous SnCl,, FeCls,
different alcohols, chloroform and PEO polymer were used as precursor materials.



Appropriate mixture of these reagents defines the deposition solution. The samples
were deposited on glass substrate and annealed at 500° C. The fibers are characterized
by scanning electron microscopy (SEM), impedance spectroscopy and temperature
dependence current-voltage measurements. The results are presented and discussed,
including a transport phenomenal model simulation.

The homogeneous fibers with diameter between 2 to 10 mm were used with sensor
purpose. Thus, water vapor sensor responses were also measured and the
experimental results are tested using the Freundlich isotherms model.

Also, powder and films deposited on glass substrate were prepared with the same fiber
deposition solution and annealed at 500° C. The samples were structurally
characterized by Raman spectroscopy, Mossbauer spectroscopy, and X-ray diffraction
(XRD). The results indicate the formation of SnO; rutile structure with iron ions
occupying two different sites, where one of them is related to oxygen vacancy nearest
neighbor.
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TCO-SnO; thin films prepared by spray pyrolysis technique

Héctor Miranda®, Amanda J Watson', amanda.watson@utp.ac.pa, lldeman Abrego’,
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Science, Technological University of Panama, Panama, Panama, PanamaA (2)
University of Passo Fundo, Brazil, Porto Alegre, BrazilA (3) Development Center of
Nuclear Technology (CDTN), Federal University of Minas Gerais, Bello Horizonte, Brazil

Spray pyrolysis technique was used to deposit thin films of Tin oxide (SnO,) on glass
substrates using as precursor SnCl,.2H,0 solution. The samples were prepared for
different thickness at annealing temperature of 500°C for 2 hours. The film thickness
was controlled with the different numbers of sprayed.

The surface of the films was characterized morphologically by Scanning Electron
Microscopy (SEM). The characterization by X-Ray Diffraction showed well defined
bands that indicate a SnO5rutile phase.

Propriety optical studies were made by comparing UV-Visible transmittance spectra of
the different films and Van der Pauw of four-point technique was used for the electrical
measurements. The optical and electrical parameters permitted to calculate: the band
gap, refractive index, film resistance and figure of merit, in order to evaluated
Transparent Conductive Oxide (TCO) properties. Film thicknesses were obtained from
fringes features in the transmittance spectra.

COLL 273



Giving molecules the squeeze: Self-assembled monolayers as model boundary
lubricants in nanoasperity contacts

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

Self-assembled monolayers (SAMs) have been considered as lubricants in a variety of
systems, including bound and vapor phase lubricants in Microelectromechanical
Systems devices (MEMS) and as boundary lubricant additives in traditional oil based
lubricants. Their friction response however is not well understood, showing unique load
dependence depending on surface morphology, environment, and load regime.
Understanding the nature of SAM friction response has widespread implications, not
only are they often used as boundary lubricants, they provide insight into the natural
friction response of sliding interfaces, where adsorbed species and tribofilms formed
during sliding act as boundary lubricants, similarly altering their friction and wear
characteristics. Molecular Dynamics Simulations of SAMs of octadecyltrichlorosilane on
silica nanoasperities were employed to study the redistribution of pressure in contacts
as the SAMs are introduced, examining the load bearing of the film and the
redistribution of pressure in the contact plane. Methods were developed to map the
contact pressures into the 2-dimensional contact plane, to which continuum contact
models could be fit for determination of commonly considered parameters like contact
area and peak contact pressures. Dependence on surface packing density of the film
and morphology of the contact were studied, providing insight into the evolution of
contact characteristics from dry to boundary lubricated conditions. As the packing
density of silane SAMs are known to vary with surface morphology and film formation
conditions, this also provides perspective on the various friction responses observed.
Furthermore, through isolation of the mechanical characteristics of SAMs in asperity
contacts, it is possible to evaluate the vast body of knowledge of the frictional
characteristics of SAMs in terms of both contact area and load dependent parameters,
and to understand the relationship and interplay between these parameters that
determines the overall friction response.
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Poly (DL-lactide Co-glycolide) acid and PLGA/chitosan nanoparticles with
entrapped lutein: Stability and antioxidant activity

Toni T Borel*, thorell@tigers.lsu.edu, Meocha Whaley?, Cristina M Sabliov*, Zhimin
Xu?, Yixiao Shen®.A (1) Department of Biological and Agricultural Engineering,
Louisiana State University, Baton Rouge, LA 70803, United StatesA (2) Department of
Food Science, Louisiana State University, Baton Rouge, LA 70803, United States

Polymeric nanocarriers improve stability, solubility, and functionality of entrapped
nutraceuticals. The hypothesis of this study is entrapping lutein, a hydrophobic
antioxidant, in different polymeric nanoparticles (NPs) will improve its stability and
antioxidant activity. The following objectives are proposed: 1. Synthesize and



characterize polymeric nanopatrticles of poly lactic co-glycolic acid (PLGA) and PLGA
NPs covered with a layer of chitosan (PLGA/Chi) from a physicochemical perspective,
and 2. Assess functionality of the entrapped lutein as a function of type of polymer in
which entrapped. Nanopatrticles were synthesized by emulsion evaporation method.
Characterization included size, zeta potential, and morphology measurement, followed
by testing physical and chemical stability, and antioxidant activity of entrapped lutein.
PLGA NPs loaded with lutein were in the size range of 119.2 nm % 0.98 nm with a PDI
of 0.17+ .02 and a zeta potential of — 29 mV + 1.1 mV in nanopure water. PLGA/Chi
NPs loaded with lutein were in the size range of 145.9 + .3 nm with a PDI of 0.25 + .009
and a zeta potential of 21.2 mV £ 2.3 mV in nanopure water. PLGA NPs loaded with
lutein were stable in the gastric environment for four hours as indicated by a constant
size over time; in the intestinal environment particles were stable for 24 hours. PLGA
and PLGA/Chi NPs protected the chemical stability of lutein in water for 72 hours. Lutein
entrapped in PLGA and PLGA/ Chi NPs inhibited cholesterol oxidation to 7-
ketocholesterol up to 86% after 24 hours and 65% after 72 hours while unentrapped
lutein inhibited cholesterol oxidation by only 45% after 24 hours and 19% after 72 hours.
These results support the hypothesis that PLGA NPs are enhancing stability and
antioxidant activity of entrapped lutein and may find beneficial applications in biomedical
and food science fields for delivery of lutein.
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Synthesis and characterization of gold — copper bimetallic nanoalloys

Asantha C Dharmaratne, acdharma@go.olemiss.edu, Amala Dass.Department
Chemistry and Biochemistry, University of Mississippi, University, Mississippi 38677,
United States

The manipulation of elemental composition of nanoalloys or nanomaterials has led to
invaluable discoveries with potential future applications. The properties of molecular
gold nanoparticles can be modified upon successful copper doping. Such thiolate
protected gold-copper nanoalloys would have drastic changes in properties such as
electronic and catalytic in contrast to monometallic gold nanocluster itself'. Here we
report a one phase synthesis to form gold-copper nanoclusters and propose probable
sites for incorporation of copper atoms into the thiolate protected gold nanocluster.
Mass spectrometric studies illustrate the foreign atom incorporation by the mass to
charge ratio difference between two neighboring peaks. By adopting various separation
techniques such as solvent fractionation, gold-copper nanoclusters can be isolated and
characterized. Au144.xCux(SR)eo alloy nanomolecules were synthesized and
characterized by using ESI-MS and optical spectroscopy.

COLL 276

Synthesis of PbS quantum dots using thioacetamide as a sulfur source



Alexander L. Morris, greg.vanpatten@mtsu.edu, Amanda D. Evans, Morgan Brewer,
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Thioacetamide (TA) has previously been reported by other authors as a sulfur source in
the preparation of PbS quantum dots (QDs). Thioacetamide is stable, non-volatile, easy
to handle safely, and inexpensive. However, in spite of these advantages,
thioacetamide has been much less widely used than other precursors like
hexamethyldisilathiane (HMDS) and sulfur/oleylamine (S/OA) mixtures. We examine
here the utility of thioacetamide as a sulfide precursor for the preparation of high quality
PbS QDs, and report a general procedure that yields highly luminescent QDs whose
size and band gap energy can be tuned over a relatively wide range in the near infrared.
These particles are easy to isolate, have moderately narrow size distributions, are
highly soluble in non-polar organic solvents, and show strong band edge
photoluminescence. We have characterized these PbS QDs using optical spectroscopy,
TEM, and x-ray diffraction. Size tunability, size distributions, and PL quantum yields will
be reported. In addition, the relative advantages and drawbacks of the PbS QD
products obtained from the various sulfur sources (TA, HMDS, and S/OA) will be
described.
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Detailed study of Pb(ll)/Cd(ll) cation exchange reactions in PbS quantum dots

Amanda D. Evans, greg.vanpatten@mtsu.edu, Alexander L. Morris, Hannah Alsup,
Morgan Brewer, P. Gregory Van Patten.Department of Chemistry, Middle Tennessee
State University, Murfreesboro, TN 37132, United States

Cation exchange reactions are a powerful tool for post-synthetic modification of
semicondutor quantum dots (QDs). Partial and complete cation exchange reactions
have previously been documented in multiple 1I-VI and IV-VI QD systems. Partial cation
exchange is one approach to encapsulating QDs with a protective, inorganic shell
material, while both partial and complete exchange can yield materials that are difficult
or impossible to synthesize directly from molecular precursors. In this contribution, we
study in detail the exchange of Pb(ll) ions by Cd(ll) ions under various reaction
conditions. Factors such as reaction temperature, identity of the counter ion, QD size,
and exclusion of air have been examined, and their effects are reported here. The effect
of these factors on the composition, atomic distribution (core/shell vs. alloyed), and
electronic structure of the resulting QDs will be reported. The data suggests that the
particle size and reaction conditions can allow us to tune the core/shell system
continuously between a type | and type Il electronic structure.
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Photochemistry of adsorbed nitrate formed from nitric acid adsorption on a-
Fe,O3 particle surfaces: The role of adsorbed water in the formation of reduced
nitrogen surface species
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The surface photochemistry of nitric acid (HNO3) adsorbed on hematite (a-Fe,O3)
particle surfaces under different environmental conditions has been studied. Surface
product formation and photochemistry of adsorbed nitrate is investigated using X-ray
photoelectron spectroscopy (XPS). Adsorbed nitrate, formed from gas phase nitric acid
adsorption, shows N1s peak at 407.4 eV. Upon irradiation with light (A > 300 nm), the
coverage of nitrate decreases, as indicated by the decrease in the peak at 407.4 eV,
and there is the appearance of two lower binding energy peaks in the N1s region at
401.7 eV and 400.3 eV when the photolysis is done under low to moderate relative
humidity conditions. The formation as well as the stability of these reduced nitrogen
species, identified as NO™ and N/, is further investigated as a function of water vapor
pressure. Additionally, irradiation of adsorbed nitrate on a-Fe, O3 generates three
nitrogen containing gas-phase products including NO,, NO and N,O as evident by FTIR
spectroscopy. As shown here, different environmental conditions of water vapor
pressure and the presence of molecular oxygen greatly influence the relative product
distribution of gas-phase and surface-bound species. The atmospheric implications of
these results are discussed.
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Mixtures of a novel sulfoxide-based surfactant with various anionic surfactants

Khanh Ho, khanh.t.ho@ou.edu, Guangzhe Yu, Brian Grady.Department of Chemical,
Biological and Materials Engineering/Institute of Applied Surfactant Research,
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The synergistic interaction parameter (3) according to Rubingh's one parameter model
for nonideal mixtures was quantitatively determined for a novel sulfoxide-based nonionic
surfactant and different anionic surfactants including sodium dodecyl benzene
sulfonate, sodium dodecyl sulfate, andSteol CS-460. The critical micelle concentration
was determined using surface tension measurements for each surfactant as well as
their mixtures at different molar ratios. All mixtures exhibited synergism in mixed micelle
formation with 3 parameter values in the range from -2 to -5, which is the range
commonly found for anionic-nonionic mixtures.
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Electrochemical behavior of micelle-solubilized ferrocene: A simple procedure to
calculate the aggregation numbers of micellized cationic surface-active ionic
liquids

Omar A El Sreoud, elseoud@usp.br, Paula D Galgano, Drochss P Valencia, Mauro
Bertotti.Institute of Chemistry, University of SA£o Paulo, SA£o Paulo, SA£0 Paulo,
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The micellar diffusion coefficient, D¢ , is a fundamental property of surfactant
aggregates in water. Its value sheds light on the changes in micellar structure as a
function of experimental variables. From D¢ , the micellar hydrodynamic radius, Ry ,
hence aggregation number, Nagq , can be calculated. We employed voltammetry with
platinum disc microelectrodes (Autolab PGSTAT 30 potentiostat; 25 °C) to determine
Dnmic in water for a series of surface-active ionic liquids, SAILs, 1-R-3-methylimidazolium
chloride; R =Cy2, C14, and Cy16 . We employed ferrocene as electroactive probe, due
to its very low solubility in water (9.8 x 10° mol/L), and high affinity for the micelle
(association constant with CTABr = 1738). Consequently the contribution of the free,
i.e., unbound probe can be neglected. We have calculated N,4q as a function of the
length of (R) by the following sequence: (i) The limiting currents for the reversible
electron transfer to the micelle-bound probe were calculated at different [SAIL] and
extrapolated to the critical micelle concentration (determined by conductivity) to give
Dmic ; (i) Ry was calculated from Dp,c by using the Stokes-Einstein equation; (iii) Nagg
was calculated from Ry , based on the monomer volume and spherical micellar
geometry. We calculated the following Nagg : 48, 79, 105 for R=C1>, C14, and Cys ,
respectively; these agree with the values calculated from light-scattering, 50, 76, 96,
respectively (Galgano, El Seoud, J. Colloid Interface Sci. 2011, 361, 186). This
application of microelectrodes has the merit of simplicity and low cost; no additional
electrolyte is needed, e.g., as in light scattering

We thank FAPESP and CNPq for financial support and fellowships to D. Valencia, P.
Galgano, M. Bertotti, and O. El Seoud.
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Preconcentration and removal of chromium species using lysine functionalized
magnetic iron nanoparticles

Michael O Eaves, eaves@email.uscupstate.edu, Anselm | Omoike.Department of
Chemistry, Natural Sciences and Engineering Division, University of South Carolina
Upstate, Spartanburg, South Carolina 29303, United States

Magnetic iron nanoparticles (FeszO4) were synthesized using co-precipitation method
with aqueous Fe*? and Fe™® under alkaline conditions. Lysine was immobilized onto the
surface of the magnetic iron nanoparticles and the nanoparticles were characterized
using Fourier transform infrared (FTIR) spectroscopy and thermogravimetric analysis
(TGA). The removal of chromium species from water using lysine functionalized



magnetic iron nanoparticles (MNP) was investigated at Cr(VI) concentrations ranging
from 0-80 ppm, and varying pH values (3.0, 4.0, and 7.0). The MNPs removed 77%-
100% of Cr(VI) in the pH range studied. The potential application of the lysine
functionalized magnetic iron nanoparticles for selective solid phase speciation and
preconcentration of Cr (lll) and Cr (VI) species in real matrices will be presented.
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Coal derived antioxidant carbon nanoparticles
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University, Houston, Texas 77005, United StatesA (4) Department of Neurology, Baylor
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High levels of reactive oxygen species (ROS) are associated with a number of diseases
including stroke, traumatic brain injury, heart disease, and chemotherapy-induced
hearing loss. Numerous small-molecule and biologically derived antioxidants have been
developed including vitamin E, poly(ethylene glycol) functionalized superoxide
dismutase, and fullerene derivatives. However, these antioxidants are limited in both
their rate and capacity to consume ROS. Here we present the synthesis and
characterization of antioxidant carbon nanopatrticles derived from coal. Oxidation of coal
using nitric acid produces non-toxic, water soluble nanoparticles whose size is readily
varied by altering the coal source as well as the synthetic conditions. These heavily
oxidized graphitic nanopatrticles show size-dependant fluorescence and exhibit excellent
antioxidant activity in vitro in brain endothelial cells.
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Ligand exchange reactions on Auss(SR)24 gold nanomolecules

Arun Jakkam, jakkam.arun@gmail.com, Praneeth Reddy Nimmala, Amala Dass
Antonysamy.Chemistry and Biochemistry, University of Mississippi, Oxford, MS 38655,
United States

Gold nanomolecules have wide range of applications in the field of catalysis, sensing,
drug delivery. Gold nanomolecules contain precise number of gold atoms and ligands.
These materials show size dependent optical and electrochemical properties. Gold
nanomolecules comprise of metallic core and ligands. The core is responsible for the
optical and electrochemical properties. Properties like solubility, functionality and
reactivity are governed by the ligands in the monolayer. Using ligand exchange



experiments, the composition of the monolayer can be modified, there by altering the
properties of the nanomolecule, which is very essential for developing potential
applications like drug delivery, diagnosis and sensors. In the present work, ligand
exchange of AussSR24 with 7-mercapto-4-methyl coumarin was performed and
monitored by mass spectrometry. UV-Vis spectroscopy was used to determine the
effect on optical properties after ligand exchange. The resulting mixed monolayer
nanomolecules comprising of 7-mercapto-4-methyl coumarin will be further analyzed by
fluorescence spectroscopy.
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Low-temperature approach to highly-emissive copper indium sulfide colloidal
nanocrystals and their bio-imaging applications

Jianying Ouyang, Jianying.Ouyang@nrc-cnrc.gc.ca.Emerging Technology, National
Research Council Canada, Ottawa, Ontario K1A OR6, Canada

We report our newly-developed low-temperature synthesis of colloidal photoluminescent
(PL) CulnS; nanocrystals (NCs) and their in vitro and in vivo imaging applications. With
diphenylphosphine sulphide (SDPP) as a S precursor made from elemental S and
diphenylphosphine, this is a noninjection based approach in 1-dodecanethiol (DDT) with
excellent synthetic reproducibility and large-scale capability. For a typical synthesis with
copper iodide (Cul) as a Cu source and indium acetate (In(OAc)3) as an In source, the
growth temperature was as low as 160 °C and the feed molar ratios were 1Cu-to-1In-to-
4S. Amazingly, the resulting CulnS, NCs in toluene exhibit quantum yield (QY) of ~23%
with photoemission peaking at ~760 nm and full width at half maximum (FWHM) of
~140 nm. With a mean size of ~3.4 nm (measured from the vertices to the bases of the
pyramids), they are pyramidal in shape with a crystal structure of tetragonal
chalcopyrite. In situ **P NMR (monitored from 30 °C to 100 °C) and in situ absorption at
80 °C suggested that the Cu precursor should be less reactive toward SDPP than the In
precursor. For our in vitro and in vivo imaging applications, CulnS,/ZnS core-shell QDs
were synthesized; afterwards, dihydrolipoic acid (DHLA) or 11-mercaptoundecanoic
acid (MUA) were used for ligand exchange and then bio-conjugation was performed.
Two single-domain antibodies (sdAbs) were used. One was 2A3 for in vitro imaging of
BxPC3 pancreatic cancer cells. The other was EG2 for in vivo imaging of a
Glioblastoma U87MG brain tumour model. The bio-imaging data illustrate that the
CulnS; NCs from our SDPP-based low-temperature noninjection approach are of good
quality.

COLL 285
Functionalization of vicinal silicon surfaces: Insight into Si nanoparticle reactivity
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Chabal*.A (1) Materials Science, The University of Texas at Dallas, Richardson, Texas



75080, United StatesA (2) Department of Materials Science and Engineering,
Schrodinger Inc., CA, United States

Semiconductor nanoparticle (NP) surface chemistry has long been recognized as
central to the development and optimization of opto-electronic devices (based on NPs
photoluminescence properties). Much attention has been directed to group II-VI
guantum dots (QDs) for a variety of targeted applications, although their toxicity renders
them incompatible with biological systems. Consequently, there is a renewed interest in
nanostructured silicon that is more compatible with existing technology and biologically
friendly. Silicon NPs are capable of exhibiting high quantum yield emission and are
considered environmentally adventitious compared to current Cd or Pb alternatives, but
the origin of Si NP photoluminescence remains elusive. A significant advantage of using
Si NPs is the ability to covalently modify their surface rather than employing datively
bound ligands that can over time lead to aggregation, i.e. loss of opto-electronic
properties. Though covalent surface modification of Si NPs has been realized, the
mechanism of hydrosilylation at defect sites (steps) remains unknown, suggesting that
work on model step surfaces could bring much needed insight. Herein we report the
functionalization of vicinal silicon (111) surfaces with both monohydride and dihydride
step edges using a 9° off orientation in the (-1-12 &11-2) directions, respectively. Two
reactions are studied as a function of immersion time on both model surfaces: i) thermal
hydrosilylation with a terminal alkene (known to be concerted on flat surfaces) and ii)
nucleophilic addition using small molecule (methanol). It is found that the nucleophilic
system reacts preferentially at the step edge forming a bridge complex between the
bridge and lower terrace hydrogen atoms, while the alkene reacts with all terrace and
step (mono- and di-hydride) sites. Such selectivity opens the door for nanopatterning
and provides important insight into the behavior of Si NPs.
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Enhanced killing of multidrug resistant bacteria using silver nanoparticles
combined with antibiotics

Danielle A McShan, dmcshan1981@yahoo.com, Hongtao Yu.Department of Chemistry
and Biochemistry, Jackson State University, Jackson, MS 39217, United States

Antibiotics resistant infections are becoming an increasing threat around the world.
Each year in the United States alone, at least 2 million people acquire serious infections
caused by bacteria that are resistant to one or more of the antibiotics designed to treat
those infections. Silver nanopatrticles (AgNP) have been shown to have effective
antibacterial activity against a wide range of disease-causing bacteria. However, it is not
practical to use AgNP as the main antibiotic agent. We therefore present data on the
antibacterial effect of combined AgNP with one of the selected known antibiotics,
tetracycline, enoxacin, neomycin, penicillin and kanamycin, at their minimum inhibitory
concentration. Multidrug resistance bacteria strain DT104 was exposed to 0.5 to 12 uM
of an antibiotics combined with 50 uM AgNP (10-50 nm) for 30 min or 2 hr. Results
indicate a dose and time dependent killing enhancement of tetracycline and enoxacin



combined AgNP at doses as low as 0.5 pM for 2 hr. Kanamycin and neomycin/ AgNP
combination only enhanced at 4 uM at 2 hr. Penicillin/AgNP showed no enhancement
effect at both 30 min and 2 hr exposure time points. Our results suggest that
combination of commonly used unresponsive antibiotics with AgQNP increase their
antimicrobial effectiveness over extended exposure times, implying that this combined
treatment is a potential way to kill drug resistant pathogens.

COLL 287

Self-polymerization of 4-(chloromethyl)phenyltrichlorosilane within spatially-
confined sites of Si(111) investigated in selected solvents

Phillip C Chambers®, pchamb3@tigers.lsu.edu, Zorabel M Lejeune?, Lu Lut, Jayne C
Garno'.A (1) Department of Chemistry, Louisiana State University, Baton Rouge,
Louisiana 70806, United StatesA (2) Department of Chemistry, Our Lady of the Lake
College, Baton Rouge, Louisiana 70808, United States

The surface assembly of 4-chloromethylphenyltrichlorosilane (CMPS) within exposed
sites of nanopores was investigated in selected solvents to gain insight of the
mechanism of self-polymerization. Our strategy was to prepare a test platform of
nanoholes to confine the surface assembly of CMPS to discrete sites of Si(111) for the
reaction to proceed. Areas surrounding the nanoholes were passivated with a methyl-
terminated film, to prevent non-specific attachment of CMPS throughout the surface.
Platforms of nanoholes were fabricated within a film of octadecyltrichlorosilane (OTS)
using immersion particle lithography. After OTS nanopores were successfully prepared
and characterized using atomic force microscopy (AFM) the samples were immersed in
solutions of CMPS prepared with selected solvents (toluene, dichloromethane,
bicyclohexane). The substrates were then removed at certain intervals to compare the
growth of CMPS nanostructuctures over time according to the nature of the solvent.
Analysis of AFM images provided quantitative information of the surface self-assembly
reaction. Pillar nanostructures of CMPS with different heights and diameters were
produced exclusively within the exposed nanopore areas of the Si(111) substrates.
Throughout the reaction, the surrounding matrix of OTS did not show evidence of
CMPS growth; the surface assembly of CMPS was strictly confined within the
nanopores. The heights of CMPS nanostructures indicate that multilayers were formed,
with taller columns generated after longer immersion times. These experiments
demonstrate new directions for using particle lithography to study surface reactions at
the molecular-level.
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Atomic structure of thiolate-protected gold alloy molecules

Chanaka K Kumara, ckkumara@go.olemiss.edu, Amala Dass.Department of
Chemistry and Biochemistry, University of Mississippi, University, Mississippi 38677,
United States

Thiol protected gold molecules inherit interesting optical, electrochemical properties and
catalytic activity along with their high stability. Metal heteroatom incorporation in to
these gold nanomolecules leads to the modulation of electronic structure and enhanced
catalytic activity. However, it is interesting to know, where these heteroatoms are
incorporated into the gold molecules. It may lead to intermix or core-shell type alloy
molecules. While some predictions based on theoretical/ computational calculations
exist, there is a lack of experimental evidence for the location of the dopant atoms. In
the current work, we present the experimental evidence for possible location of these
heteroatoms using atomic structural analysis based on X-ray diffraction. Au,s.
«Adx(SR)1s and Auss«xAdx(SR)24 alloys were synthesized and atomic structures were
analyzed using X- ray diffraction. Unlike the 25 and 38 metal atom count alloy
molecules, Au144-xAgx Show interesting optical properties upon alloying. Maximum silver
atom incorporations was found to be 60 experimentally, which implies silver
incorporations into the 60 atom shell of the predicted three shell Au144(SR)so Structure.

COLL 289

Controlled self-assembly of molecular and nanoparticle amphiphiles into
patterned hybrid vesicles



Yijing Liut, yliu1214@umd.edu, Yanchun Li?, Jie He', Kaleb Duelge!, Zhongyuan Lu?,
Zhihong Nie'.A (1) Department of Chemistry& Biochemistry, University of Maryland
College Park, College Park, MD 20742, United StatesA (2) State Key Laboratory of
Theoretical and Computational Chemistry, Institute of Theoretical Chemistry, Jilin
University, Changchun, Jilin 130023, China

Polymer/inorganic nanoparticle (NP) hybrid materials have attracted tremendous
attention, because of their properties arising from both inorganic materials (i.e., inherent
optical, electrical, and magnetic properties) and from polymers (i.e., biocompatibility and
processability). One way to create such hybrid structures is to incorporate inorganic
NPs into the polymeric vesicular membranes. In order to meet the rising demand of new
materials, it is critical to generate assembled structures with increasing complexity and
fundamentally understand the assembly process. Particularly, assemblies with
controllable surface patterns increase the complexity of the structures, while introducing
new functionalities. However, to date, it still remains a grand challenge in synthesizing
hybrid vesicles with controllable surface patterns.

Here we report a simple strategy to the assembly of hybrid vesicles with surface
patterns by controlling entropy-driven lateral phase separation of molecular and
nanoparticle amphiphiles (NPAs) within vesicular membranes. The binary assembly
produced hybrid vesicles with various morphologies including spherical and non-
spherical Janus-like vesicles, patchy vesicles, and heterogeneous vesicles. The
different morphologies arise from the delicate interplay between the mismatch of the
chain lengths of the two amphiphiles, the entanglement of polymer chains, and the
diffusion rate of NPAs. Particularly, the entropic attraction between NPAs plays a
dominant role in controlling the phase-separation and arrangement of two amphiphiles
in the membranes. Remarkably, this strategy allows the preparation of hybrid Janus
vesicles with intriguing non-spherical shapes. The use of NPAs in concurrent assembly
not only significantly enlarges the library of tunable parameters (i.e., bending modulus,
rigidity, and dimension) that are unattainable by molecular building blocks, but also
enables us to effectively modulate the optical, electronic, and magnetic properties of the
assembled structures. We envision that the controlled assembly of binary building
blocks offers a powerful tool to develop novel hybrid nanostructures with new
functionalities and applications.

COLL 290

Water soluble ultra small glutathione stabilized gold nanomolecules
Kothalawalage N Kothalawala, knkothal@go.olemiss.edu, James L West, Amala
Dass.Department of Chemistry and Biochemistry, University of Mississippi, University,
MS 38677, United States

Polydisperse mixtures of organo-thiolate capped gold nanomolecules with distinct

number of gold atoms like Au,s5(SR)1s, Ausg(SR)24, Aueg(SR)34, AU102(SR)44 and
Au144(SR)e0 have been well characterized and resolved. But there is no clear evidence



that the current synthetic approaches with water soluble ligands will give the same
polydisperse, magic numbered nanomolecules in the same size regime as organo
thiolates. In this study we show that, it is possible to synthesize a series of magic
numbered polydisperse gold nanomolecules protected by a water soluble ligand,
glutathione (SG). The nanomolecules are separated by using polyacrylamide gel
electrophoresis (PAGE) and size exclusion chromatography (SEC). The separated
nanomolecules are characterized by using mass spectrometry, UV-vis spectrometry and
transmission electron microscopy. Unique properties such as water solubility, non-
toxicity and bio-compatibility of these nanomolecules will lead to potential applications in
biomedicine.

COLL 291

Activity and structure of Ni,P catalysts in hydroconversion of polyaromatic
hydrocarbons

Yong-Su Kim, yolee@dankook.ac.kr, Ki-Duk Kim, Yong-Kul Lee.Department of
Chemical Engineering, Dankook University, Yongin, Gyunggi 448701, Republic of
Korea

Novel Ni,P catalysts supported on zeolite were prepared and applied for tar-oil
hydrocracking to maximize the BTX yield. Since the tar-oil derived from coal contains
heterocyclic compounds like nitrogen, oxygen, sulfur compounds must be pre-treated to
remove the heterocyclic compounds that can act as a catalytic poison. Pre-
hydrotreating followed by hydro-cracking was thus adopted to convert tar-oil into BTX.
As for the pre-hydrotreatment at different LHSV's with time on stream over the
Ni,P/SiO, catalysts, tetralin fraction increased from 31% to 40 % according to the
increase of LHSV's. In contrast, decalin fraction decreased from 10% to 1%. The
following hydrocracking of pre-hydrotreated tar-oil was conducted at 3.0MPa, 623K and
648K with varying LHSV's 1.0-3.0hr in a fixed bed reactor over Ni,P/zeolite catalysts,
resulting in high selectivity of BTX by 61% at 648K. These results thus demonstrate that
Ni,P/zeolite catalysts significantly promote the hydrocracking of tar-oil.

COLL 292

Chlorogenic acid-reduced silver nanoparticles: Green synthesis, characterization,
and excellent antibacterial activities against Pseudomonas aeruginosa

Youmie Park'?, youmiep@inje.ac.kr, Sang Hui Jun*, Hyun-Seok Kim? Seonho Cho?® A
(1) College of Pharmacy, Inje University, Gimhae, Gyeongnam 621-749, Republic of
KoreaA (2) National Creative Research Initiatives (NCRI) Center for Isogeometric
Optimal Design, Seoul National University, Seoul, Republic of Korea

Chlorogenic acid (CGA, a caffeic acid ester of quinic acid) is a secondary phenolic
metabolite in plants and is one of the well-known polyphenol compounds. There is
approximately 70-350 mg of CGA in one cup of coffee. The beneficial effects of CGA



itself, extracts containing CGA and coffee on human health include anti-oxidant, anti-
inflammatory, anti-arthritic, anti-thrombotic, cholesterol-lowering, neuroprotective, anti-
hypertensive, and chemopreventive activities. In the present report, CGA is employed
as a reducing agent for the green synthesis of silver nanoparticles (AgNPs). The
successful synthesis of CGA-AgNPs is confirmed by the characteristic surface plasmon
resonance band at 415 nm in UV-Visible spectra. The reaction yield is 95.43%
measured by inductively coupled plasma mass spectrometry. The average diameter is
estimated to be 19.29 £ 8.23 nm. Mostly spherical- and irregular-shaped NPs are
observed from the images of high resolution transmission electron microscopy and
atomic force microscopy. From Fourier transform infrared spectra, the -C=0 functional
group of GCA are possibly involved in the coordination or complexation into AgNPs.
CGA-AgNPs exert a superior antibacterial activity against two strains of Pseudomonas
aeruginosa (minimum inhibitory concentration of 0.66 pg/mL) which is comparable to a
standard antibiotic. The current green approach is easy to process and does not require
any noxious chemicals as a reducing agent. The results suggest that biologically-active
compounds from plant origin are capable of being a powerful reducing agent for the
green synthesis of AgNPs.

COLL 293

Oriented assembled TiO, hierarchical nanowire arrays with a fast
electrontransport property

Xinjian Feng, xjfeng2011@sinano.ac.cn.Suzhou Institute of Nano-Tech and Nano-
Bionics, Chinese Academy of Sciences, Suzhou, China

Fast charge transport in the TiO, network is essential for effective charge collection,
particularly in solid state cells where recombination is very fast. In order to increase the
electron mobility, substantial efforts have been focused on developing one dimensional
(1-D) TiO; (polycrystalline nanotube and single-crystalline nanowire) electrode materials
for solar cells application. However, their surface area is much smaller than that of NP
films, which will negatively impact the devices' overall performance. We report a facial
seedless approach to fabricate orientated assembled 3D branched nanowire arrays on
transparent fluorine doped tin oxide (FTO) glass substrate. The nano-branches grow
epitaxially from specific crystal planes of the primary NW arrays. The as-prepared 3D B-
NW arrays architecture offers high surface area, rapid charge transport property
(comparable to 1D single crystal NW), and significantly improved photovoltaic device
performance. orientation, to significantly improve the electrical transport properties of
other oxide materials that currently have limited utility in solar cell and related
applications because of their low carrier mobility.

COLL 294

Formation and hydrogenation of atomic N on Pt(111)



Zhu Liang?, zliang4@uic.edu, Hyun Jin Yang? Junepyo Oh?, Yousoo Kim?, Michael
Trenary®.A (1) Department of Chemistry, University of lllinois at Chicago, Chicago,
lllinois 60607, United StatesA (2) Surface and Interface Science Laboratory, RIKEN,
Wako-shi, Saitama 351-0198, Japan

The surface morphology and the reaction properties of chemisorbed N on a Pt(111)
surface has been studied at the atomic level with low temperature scanning tunneling
microscopy (LT-STM). At high coverages, two phases, p(2x2)-N and (V3xV3)R30°-N,
are found to coexist at temperatures between 360 and 400 K. For both phases nitrogen
occupies fcc-hollow sites. At temperatures of 400 K and slightly above, only the p(2x2)-
N phase is present on the surface. At temperatures above 420 K, nitrogen starts to
desorb. The p(2x2)-N phase shows a honey-comb structure in STM images with three
nitrogen and three platinum atoms forming a six-member ring. At low coverages,
incomplete (2x2) patches of N, but no (¥3xV3)R30° structure, are observed on the
surface. When N and O are coadsorbed on the surface, they form a mixed (2x2)
overlayer of N+O at high coverages. N and O can be clearly distinguished from each
other by their appearance in the STM images.

After exposing the N-covered surface to hydrogen gas, NH molecules were found to
occupy fcc-hollow sites, while H atoms occupy atop sites. Manipulated by the STM tip,
dissociation of NH bond and lateral transition of H are observed, and in both cases the
response of the motion against applied bias voltage were measured. The threshold
voltages of NH dissociation and H lateral transition were found to be around 440 mV
and 270 mV, correspond to the excitation energy of N-H stretching and the Pt-H
stretching modes, respectively. Substitution of H by D results in an isotope shift of -30
mV and -23 mV of the threshold voltages for ND dissociation and D lateral transition,
respectively. Based on the above findings, we conclude that both processes are
vibrationally induced.

COLL 295

Enhanced fluorescence of nano-colloid and its application on a targeted
immunofluorescence labeling

Hyong-Jun Kim, hkim@kongju.ac.kr.Department of Chemical Engineering, Kongju
National University, Cheonan, Republic of Korea

Fluorescent materials are used in various fields to investigate a biological mechanism of
a cell. The fluorescence labeling, as one of the analytical techniques, is commonly used
to probe the structure of living cells. The fluorescence materials currently used in these
fields are generally either organic molecules or inorganic semiconductors. Organic
materials possess a serious drawback of the fluorescence quenching and inorganic
materials have critical cyto-toxicity problem when used in a bio cell. Thus, many need
new fluorescent material to overcome these problems. We developed a new fluorescent
material to overcome these problems by introducing a heterocyclic structure of excited-
state intramolecular proton transfer since the molecular structure showed remarkable



photophysical property and anticipate it is applied in the fluorescence labeling.
Quinoline/THF solution is injected to the diacetylene vesicles of diameter of few 100 nm.
As expected, synthesized quinoline nano assembly has the fascinating optical property.

COLL 296

Enhancing enzyme stability by construction of polymer-enzyme conjugate
micelles for decontamination of organophosphate agents

Nisaraporn Suthiwangcharoen, nisaraporn.suthiwangcharoen.ctr@mail.mil,
Ramanathan Nagarajan.Molecular Sciences and Engineering Team, Natick Soldier
Research, Development and Engineering Center, Natick, MA 01760, United States

Enhancing the stability of enzymes under different working environments is essential if
the potential of enzyme-based applications is to be realized for nanomedicine, sensing
and molecular diagnostics, and chemical and biological decontamination. In this study,
we focus on the enzyme, organophosphorus hydrolase (OPH) which has shown great
promise for the non-toxic and non-corrosive decontamination of organophosphate
agents (OPs). We describea facile approach to stabilize OPH using covalent
conjugation with the amphiphilic block copolymer, Pluronic F127, leading to the
formation of F127-OPH conjugate micelles, with the OPH on the micelle corona. SDS-
PAGE and MALDI-TOF confirmed the successful conjugation, and transmission
electron microscopy (TEM) and dynamic light scattering (DLS) revealed ~100 nm size
micelles. The conjugate micelles showed significantly enhanced stability and higher
activity compared to the free OPH when tested (i) in agueous solutions at room
temperature, (ii) in agueous solutions at higher temperatures, (iii) after multiple
freeze/thaw treatments, (iv) after lyophilization, and (v) in the presence of organic
solvents. The F127-OPH conjugate micelles also decontaminated paraoxon (introduced
as a chemical agent simulant) on a polystyrene film surface and on a CARC (Chemical
Agent Resistant Coating) test panel more rapidly and to a larger extent compared to
free OPH. We speculate that because the F127-OPH conjugate micelles allow higher
local concentration and confinement of the OPH, they reduce the potential for enzyme
denaturation and provide robustness to OPH at different working environments.

COLL 297
Interaction of gold nanoparticles with supported lipid bilayers

Terri A Camesano, terric@wpi.edu, Elaheh Kamaloo, Christina Bailey, Kellie
Waterman.Department of Chemical Engineering, Worcester Polytechnic Institute,
Worcester, MA 01609, United States

The rapid growth and development of engineered nanomaterials coupled with an
extensive material base has led to increasing incorporation into consumer products,
such as sunscreens and cosmetics, as well as drug delivery agents. In both of these
types of applications, nanoparticles come into contact with the membranes of human



cells. Our research is geared towards understanding the properties of nanoparticles that
influence their interaction with a cell membrane. The focus of this study is to determine
the nano-specific (physical) properties, including size and functionalization of a gold
nanoparticle, and to determine how these properties affect the interaction of gold
nanoparticles with a supported lipid bilayer (SLB) composed of L-a-phosphatidylcholine
(egg PC), which was used as a model cell membrane. For the size experiments, we
examined gold nanoparticles that were 2, 5, 10 and 40 nm gold nanopatrticles. Analysis
of nanoparticle-cell membrane interactions was done using a quartz crystal
microbalance with dissipation, which measures the frequency (f )and dissipation (D )
changes directly associated with mass and conformation changes of the SLB. Different
overtones for f and D allow for theoretical interpretation of changes correlated to
different layers of the membrane. Gold nanoparticles on the size order of <5 nm
promoted a more rigid membrane whereas gold nanoparticles 210 nm gave a more
flexible membrane. None of the sizes and concentrations tested completely disrupted
the cell membrane. In another portion of the study, we examined the role of chemically-
functionalized 12 nm gold nanoparticles on cell membrane interactions (1-propanethiol,
2-mercaptoethanol, 2-aminoethanethiol, or 3-mercaptopropionic acid). Regardless of
hydrophobicity and electrostatic charge, all of the functionalized gold nanoparticles
decreased the rigidity of the lipid bilayer by increasing the dissipation and decreasing
the mass associated with the adsorbed film. These results help in the design of
nanocarriers for drug delivery and consumer applications.
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Nanosecond time-resolved studies of gold nanoparticle nucleation

James D Gaynor, gaynorl3@up.edu, Steven G Mayer.Department of Chemistry,
University of Portland, Portland, OR 97203, United States

Fundamental spectroscopic studies of gold nanoparticles (AuNPs) using simple
synthetic protocols with highly reproducible AuNP size distributions has facilitated their
successful use in applied studies of catalysis, energy storage, and cancer treatment.
However, our understanding of nanoparticle (NP) nucleation - which largely controls the
size, shape, and desired properties of the NP — is still in the nascent stages. Few
studies of NP nucleation mechanisms are reported in the literature and these papers
cite the lack of experimental techniques to directly measure NP nucleation, thereby
resulting in contradictory mechanisms being published in the literature. Fast (10”%s) and
ultrafast (£10™?s) spectroscopic techniques utilize pulsed lasers to obtain light scattering
information on timescales sufficient for studying NP nucleation that occurs within the
first micro- to milliseconds of synthesis. We report what we believe is the first
demonstration of using a 10Hz, pulsed Nd:YAG laser with a 10 nanosecond pulse width



to measure patrticle size distributions at 50 nanosecond time intervals during the
nucleation period of gold nanoparticles via the citrate-reduction method.

COLL 300

Preferential attachment and surface interaction of amines on modified Si(111)
terminations

Tatiana Peixoto?, tati@utdallas.edu, Peter Thissen?, Yves Chabal'.A (1) Department
of Materials Science and Engineering, University of Texas at Dallas, Richardson, Texas
75080, United StatesA (2) Karlsruhe Institute of Technology, Karlsruhe, Germany

Silyl amines are of fundamental interest to the microelectronics, biotechnology and
nanotechnology communities, with its ability to enhance the tailoring of surface
properties. The presence of amine groups aid in additional functionalization of the
surface, enabling the attachment of quantum dots, nanoparticles, and biological
molecules thus allowing for the development of new surfaces/devices. Despite these
advantages, a clear mechanistic understanding of liquid-phase amino group attachment
on Si surfaces and its attachment configuration to different surface terminations has not
been completely developed.

In this work using wet chemical functionalization, several Si(111) oxide-free terminations
(SiH. SICl and SiF) were reacted with both an anhydrous solution of ammonia in
dioxane and neat anhydrous ethylenediamine (NH,-CH,-CH3-NH,) to achieve amine
terminated surfaces. Ethylenediamine reacts with Si-Cl surfaces and attaches in a
bridge configuration characterized by the lack of the (NH;) deformation mode in IR and
dominance of the Si-N binding energy in the XPS N1s peak. On the 1/3 Si-F terminated
surface it attaches via monodentate termination observed by the (N-H) stretch and
deformation modes in IR and the XPS N1s binding energies attributed to Si-N bonds as
well as the C-NH; unreacted tail. On the Si-H surface only physisorption is observed as
evidenced by an undetectable (N-H) stretch and weak deformation mode further
confirmed by the peak features present in the N1s peak of XPS.

In contrast, the ammonia solution showed less variability in attachment to the different
terminations. High intensity (N-H) stretch and deformation modes attributed to ammonia
H-bonding are observed for the SiCl surface with XPS N1s binding energies confirming
some attachment to the surface. The 1/3 SiF surface exhibits lower amounts of
ammonia H-bonding also confirmed by the N1s peak of the XPS. The SiH surface
showed the least amount of ammonia H-bonding via IR with the XPS corroborating this
evidence. The ammonia- treated terminations all contained IR modes belonging to the
solvent, indicating the solvent could be the cause of the observed ammonia H-bonding
on the surface.

In conclusion, there is a clear difference in interaction between the primary amine and
its parent molecule, ammonia, thus showing a difference in attachment depending not



only on surface termination but also on the chemical environment (ie. dioxane solvent)
of the molecule.

COLL 301

Using time evolution of contact angle of evaporating droplets for estimation of
chemical agent permeation through barrier materials

Molly Clay, Molly.N.Clay.ctr@mail.mil, Rajagopalan Srinivasan, Ramanathan
Nagarajan.Molecular Sciences and Engineering Team, Natick Soldier Research,
Development & Engineering Center, Natick, MA 01760, United States

Knowledge of the diffusivity of chemical agents and toxic chemicals through materials is
important for the development of barrier materials (for clothing, face masks, gloves, etc)
to protect against chemical and biological threats. Robust experimental methods such
as immersion testing that are routinely used to measure liquid diffusion into polymer
membranes typically require large volumes of the liquid chemicals, and handling such
volumes is not desirable because of the extreme toxicity and lethality of many of these
compounds. We have used a sessile drop which requires only 1 or 2 ml of liquid volume
and have monitored the time evolution of the contact angle of the sessile drop on the
surface of candidate barrier materials and also on an impermeable surface. The contact
angle-time data were analyzed using approximate analytical methods to estimate the
diffusivity of the agent in air (based on contact angle data on impermeable surface) and
diffusivity of agent into the barrier material (based on contact angle data on barrier
material). We compare the diffusivity estimates for a number of toxic chemicals obtained
from the analytical approximation against estimates obtained by other methods in the
literature.

COLL 302

Topography and enzymatic activity of bovine serine albumin and carbon
nanotube incorporated nanofibers

Ericka N. J. Ford, ericka.n.ford.ctr@mail.mil, Nisaraporn Suthiwangcharoen, Paola
D'Angelo, Ramanathan Nagarajan.Molecular Sciences and Engineering Team, Natick
Soldier Research, Development & Engineering Center, Natick, MA 01760, United States

To combat the threat of chemical and biological warfare agents, there is currently active
research on the use of proteins/enzymes as biosensors and as catalysts in remediation
textiles. Protein sensing can result from the enzymatic degradation of analytes to
colorful, molecular byproducts. Ultraviolet-visible spectroscopy can be used to monitor
these reactions. In this study, biologically active membranes were prepared by the
electrospinning technique. Nanofiber meshes were spun from aqueous mixtures of
poly(vinyl alcohol), protein esterase bovine serine albumin (BSA), and carbon
nanotubes (CNTSs)- at ~0.25 weight percent of the polymer. The effects of CNTs and pH
of spinning dopes on the topography and activity of BSA fiber mats were investigated.
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Characterization of surface-engineered nanoparticles and their assembly

De-Hao Tsai, dhtsai@mx.nthu.edu.tw, Jui-Ting Tai, Chao-Shun Lai.Department of
Chemical Engineering, National Tsing Hua University, Hsinchu, Taiwan Republic of
China

We study ligand-nanoparticle interactions and their assembly processes using a
combination of physical [electrospray-differential mobility analyzer (ES-DMA)],
microscopic (SEM, TEM), and spectroscopic (FT-IR, ICP-MS) approaches. Silica
nanoparticle (SiO,-NP) and gold nanoparticle (AuNP) are chosen as representatives
due to their attractiveness in biomedical applications. Material properties, and the
corresponding interactions of nanopatrticles with ligands, and/or between the patrticles,
can be obtained through a complementary characterization: ES-DMA provides the
information of high-resolution particle size distribution, colloidal stability, and the degree
of aggregation of SiO,-NPs and AuNPs in the media; SEM and TEM are employed to
present the morphology of nanoparticles, and the efficiency of the nanoparticle
assembly process; ICP-MS and FT-IR are used to investigate the elemental
composition and the extent of ligand conjugation on nanoparticle's surface. The binding
affinity between SiO,-NP and AuNP is shown to be tunable, based on a combination of
silane treatment on SiO,-NP's surface plus surface PEGylation to the AuNP. A
Brownian dynamic simulation model is employed as support to our experimental work,
providing a further fundamental understanding to the process of nanoparticle assembly
over different extent of surface functionalization.

COLL 304

Thermally stable molecular self-assembly in an aqueous solution of mixture of
anionic surfactant and triblock copolymers

Zhe Zhang?, zhangz2@ornl.gov, Tae-Hwan Kim?, Changwoo Do'.A (1) Biology and
Soft Matter Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831,
United StatesA (2) Research Reactor Utilization Department, Korea Atomic Energy
Research Institute, Yuseong-gu, Daejeon 305353, Republic of Korea

Poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (PEO-PPO-PEOQO) type
triblock copolymers have wide variety of applications in biological, chemical, and
pharmaceutical areas. Specifically, thermally stable nano- and meso-structures formed
by these triblock copolymers in agueous solutions have great potential applications in
drug delivery systems. Here, we report a molecular self-assembly of triblock copolymers
(L62) with anionic surfactant Dioctyl sodium sulfosuccinate (AOT). The microstructures
of L62, AOT and their mixtures, as a function of the temperature and concentration,
were studied by using small-angle neutron scattering (SANS). While individual
components exhibit various nano structures including micelles and lamellar structure,



thermally stable micelle formation was observed with the addition of AOT to L62
solution.
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Enhanced cytotoxic activity of LbL coated camptothecin for cancer treatment

Gaurav Parekh?, gpa005@Ilatech.edu, Pravin P. Pattekari!, Chaitanya Joshi*, Tatsiana
G. Shutava®', Mark A. DeCoster?, Yuri M. Lvov', Tatyana Levchenko®.A (1) Institute for
Micromanufacturing and Biomedical Engineering Program, Louisiana Tech University,
Ruston, LA 71272, United StatesA (2) Department of Pharmaceutical Sciences,
Northeastern University, 360 Huntington Ave., Boston, MA 02115, United States

Encapsulation of poorly soluble anti-cancer drugs in self-assembled nanoshell structure
is a promising strategy for efficient delivery via intravenous administration. Stable
dispersion of nanoparticles with an average size of 150 nm diameter and drug loading
capacity of 60 wt. % was synthesized by using washless layer-by-layer (LbL) assembly
to form camptothecin (CPT) cores coated with 8 bilayers of alternating heparin and
block-copolymer of poly-L-lysine and polyethylene glycol (PEG). The outermost layer of
nanoparticle was covered with PEG of 5 kDa and 20 kDa to resist serum protein
adsorption and prolong systemic circulation due to sustained release kinetics. The
advantage of LbL coated nanoparticle is to preserve active lactone form of CPT by initial
3.5 bilayers of the shell at acidic pH. Increasing active form of CPT was achieved by
incorporation of bovine serum albumin (BSA) along with drug core as compared to the
drug itself. In conclusion cytotoxicity activity of LbL coated CPT nanoparticles against
CRL2303 glioblastoma cancer cells was found 20-25% higher than uncoated drug. ICsg
of CPT was decreased from ca. ~146 nM to ~103 nM after encapsulation of drug using
LbL coated nanoshell.

COLL 306

Biocompatible shaped particles from dried multilayer polymer capsules for
cellular uptake

Jun Chen?, cj1016@uab.edu, Eugenia Kharlampieva', Veronika Kozlovskaya®, Allison
Goins', Mohammad Saeed?, Javier Campos-Gomez.A (1) Department of Chemistry,
University of Alabama at Birmingham, Birmingham, Alabama 35205, United StatesA (2)
Department of Biochemistry and Molecular Biology, Drug Discovery Division, Southern
Research Institute, Birmingham, Alabama 35205, United States

We present a simple and facile approach to fabricate biocompatible hollow
microparticles of controlled geometry undergoing shape-dependent cellular uptake. The
hemispherical, spherical and cubical microparticles were obtained by drying multilayer
capsules of hydrogen-bonded poly(N-vinylpyrrolidone)/tannic acid (PVPON/TA),. That
shape transformation was controlled by capsule stiffness which was regulated by the
layer number, capsule diameter, and PVPON molecular weight. The hemispherical



particles were produced from spherical capsules when this ratio was in the range from
0.041 to 0.055. Opening in the hemispherical particles was modulated by the initial shell
thickness which was controlled by the number of deposited polymer layers in the initial
multilayer shell. We also found that increase in capsule wall thickness prevented cubical
and spherical capsules from collapsing upon drying. These structures maintained their
three-dimensional shapes in the dry state and upon rehydration. The cell growth and
viability studies using human cancer cells showed noncytotoxic properties of the
capsules. Finally, we revealed that spherical and hemispherical capsules were
internalized by macrophages with the uptake of the hemispherical particles per cell two
times more efficient. The method presented here allows for a robust preparation of
biocompatible shaped particles whose shape and dimensions can be easily tuned by
controlling capsule size and wall thickness. The reported structures can be potentially
useful for biomedical applications such as shape-controlled cellular uptake and flow
dynamics.
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Measure of surface potential at the water-oxide nanoparticle interface by XPS
from a liquid microjet

Matthew A. Brown®', matthew.brown@chem.ethz.ch, Jeroen A. van Bokhoven'?.A (1)
Institute for Chemical and Bioengineering, ETH Zurich, Zurich, SwitzerlandA (2) Swiss
Light Source, Paul Scherrer Institute, Villigen PSI, Switzerland

Gaining molecular level insight into the liquid-solid interface is considered one of the
next great challenges for the surface science community. Here we show that the
surface potential at a water—oxide nanoparticle (NP) interface, long considered an
immeasurable direct quantity, can be measured through apparent binding energy shifts
by X-ray photoelectron spectroscopy (XPS) from a liquid microjet. This new method
does not require a priori knowledge of the particles' surface structure or of the ion
distribution throughout the electrical double layer for its interpretation, and can be
applied to any colloidal suspension independent of composition, particle size and
shape, and solvent. We demonstrate the application for aqueous suspensions of 9 nm
colloidal silica (SiO;) at pH 0.3 and 10.0, where the surface potential changes from
positive to negative, and at pH 10.0 in different cation chloride electrolytes, Li*, Na*, K,
Cs*, Mg?*, Ba**, and AI**. The experimental results are compared with calculated
surface potentials based on Guoy-Chapman theory, and are shown to be in good
agreement.



COLL 308

Cationic oligo(p-phenylene ethynylenes) (OPEs) induce germination of spore-
forming B. atrophaeus

Harry C Pappas, hpappas@unm.edu, David G Whitten.Center for Biomedical
Engineering, University of New Mexico, Albuguerque, NM 87131, United States

A wide range of oligo(p-Phenylene ethynylenes) has been shown to exhibit good
biocidal activity against both Gram-negative and Gram-positive bacteria. In the current
studies, the interactions of a specific cationic OPE with spore-forming Bacillus
atrophaeus are investigated. In agreement with our previous findings, this compound
effectively kills B. atrophaeus vegetative cells, presumably by severe perturbations of
the bacterial cell wall and cytoplasmic membrane. However, electron microscopy
imaging and flow cytometry assays reveal that this compound also strongly induces
germination of B. atrophaeus spores in the dark. Additional work in progress is shedding
light on mechanisms by which germination occurs upon exposure to OPEs and similar
polymeric biocides. These studies will monitor induced germination of B. anthracis,
whichis notorious for its role as the causative agent of anthrax: an acute, life-threatening
disease that infects mammals and humans by cutaneous, pulmonary, and
gastrointestinal pathways. Previous work conducted by Lu et al. (2005) suggests that
OPEs and other light-activated compounds should be lethal biocides to B. anthracis
Sterne, in addition to acting as a germinant.

COLL 309

Non endocytotic intracellular delivery of luminescent quantum dots mediated by
a lytic peptide

Hedi Mattoussi®, mattoussi@chem.fsu.edu, Malalk Safi*, Tatiana Domitrovic?, Naigian
Zhan', Fadi Aldeek’, John E. Johnson?.A (1) Department of Chemistry and
Biochemistry, Florida State University, Tallahassee, FLorida 32306, United StatesA (2)
Department of Integrative Structural and Computational Biology, The Scripps Research
institute, La Jolla, CA 92037, United States



A major hurdle that has slowed the integration of quantum dots into biology has been
the inability to efficiently deliver them into the cytosol of live cells. Thus far, most if not
all the strategies relying on passive delivery have largely resulted in uptake via
endocytosis. Here, we describe a new conjugate design using a lytic-peptide, derived
from a virus known to infect insects, capable of bypassing the endocytotic pathways,
while delivering large amounts of QD-conjugates. We combined that with the design of
zwitterion ligand to allow polyhistidine-driven self-assembly. We found that the efficacy
of uptake by mammalian cells was substantial even for short incubation times and at
moderate concentrations. Upon internalization the conjugates were primarily distributed
outside the endosomes. These findings suggest an intracellular entry mechanism that
does not involve endocytosis, but likely involves the perforation of the cell membrane by
the lytic peptide presented on the QD surfaces.

COLL 310
Characterizing DANPY-1 binding to biological substrates

Conner S Kummerlowe, csk22012@mymail.pomona.edu, Juliah Kim, Lewis E
Johnson, Malkiat S Johal.Department of Chemistry, Pomona College, Claremont,
CALIFORNIA 91711, United States

DANPY-1 is a fluorescent dye with high affinity for DNA that has potential applications
as an alternative option for commonly used nucleic acid stains. We used a Quartz
Crystal Microbalance (QCM) to characterize binding between DANPY and several
biological substrates, as well as comparing it with binding data for control dyes DAST
and Ethidium Bromide. DANPY proved to bind irreversibly to double stranded DNA,
single stranded DNA, and RNA and reversibly to the disordered anionic control
polystyrene sulfonate.

~

A A Ethidium brtomide ADASTA AA A DANPY-1

A dsDNA A Irrevesrible Binding A No binding A Irreversible Binding
A ssDNA A Irreversible Binding A Irreversible Binding A Irreversible Binding
AtRNA A No Binding A Reversible Binding A Irreversible Binding

A PSS A Irreversible Binding Irreversible BindingA A Reversible Binding
A SiO, A Irreversible Binding A Reversible Binding A Reversible Binding

These results indicate that DANPY may be an effective cell stain for nucleic acids due
to its strong and irreversible binding mode. QCM studies on DANPY binding to Bovine
Serum Albumin, anionic proteins, lipid membranes, and other biological substrates will
be carried out to further understand DANPY binding to biological substrates and
evaluate its efficacy for cellular staining.

COLL 311



Empirical approaches using circular dichroism spectroscopy to study protein
structural transitions from detergent or denaturant solutions with high
concentration

Yang Wei, wei2@g.clemson.edu, Aby A Thyparambil, Robert A Latour.Bioengineering,
Clemson University, Clemson, SC 29634, United States

Circular dichroism is a technique widely used for the evaluation of the secondary
conformation and stability of proteins under various environmental conditions. Many
algorithms have been developed for the empirical analysis of CD spectra below 220 nm
using reference databases derived from proteins of known structures due to the
different absorption signatures of alpha-helices and beta-sheets in this spectral range.
However, detergent and denaturant solutions are generally incompatible with CD unless
used under extremely dilute conditions (e.g., 10-50 mM range) due to the fact that these
chemical agents tend to strongly absorb in the same CD spectral range of 220 nm and
below. To overcome this limitation, we determined that the slopes of CD spectra
acquired from the 230-240 nm region strongly correlate with the alpha-helix content of
protein calculated by commercial algorithms, thus providing an effective means to
determine the alpha-helix content within proteins under high detergent/denaturant
solutions conditions.

Acknowledgement: Funding from DTRA grant HDTRA1-10-1-0028.




COLL 312

Interaction of bacterial cellular membrane with Ag nanoparticles-decorated silica
microsphere

Kyoungja Woo®, kiwoo@kist.re.kr, Mihwa Seo*, Yun Haeng Joe?, Jungho Hwang?.A
(1) Molecular Recognition Research Center, Korea Institute of Science and Technology,
Seoul, not applicable 136-791, Republic of KoreaA (2) School of Mechanical
Engineering, Yonsei University, Seoul, Republic of Korea

Ag nanoparticles have been known as an efficient antimicrobial agent. However, their
aggregation and environmental release have retarded their practical utilization. An
inorganic composite microsphere decorated with Ag nanoparticles can be an alternative
to resolve the problems and facilitate their practical utilization.

Recently, we reported the magnetic silica microspheres decorated with Ag
nanoparticles with ~10, ~20, and ~30 nm sizes and their applications as an
antimicrobial agent in the contaminated water. The ~30 nm Ag nanoparticles-decorated
magnetic silica microspheres showed the highest toxicity against the tested
microorganisms, E. coli CN13 and Bacteriophage MS2. After use, they could be
magnetically collected due to an encapsulated cluster of superparamagnetic
nanoparticles at the center. The cellular membrane of E. coli CN13 began to be
destroyed as soon as the microspheres were added and was totally ruptured at 30
minutes.

In this study, for a scale-up synthesis of ~30 nm Ag nanoparticles-decorated silica
microspheres, Ag nanoparticle-growth was performed on the silica microspheres
without magnetic center using the same seeded growth method. Their surface is



exposed directly to the medium containing target material and so, they can show an
abnormal surface activity of nano-sized material toward the target while restraining from
aggregation due to their hybridized overall micron-size effect and electrostatic repulsion
caused by the protonated amine moieties which are not decorated. The microspheres
can be easily collected by a conventional centrifugation.

The colloidal solution containing Ag nanoparticles-decorated silica microspheres was
applied for an antibacterial coating on the air purification filter. Antibacterial efficacy was
tested against gram-negative bacteria E. coli (ATCC11775) and gram-positive bacteria
Staphylococcus epidermidis (ATCC 14990), resulting in a removal rate over 95% in both
cases. The bacterial capture image on the coated filter will be presented with a
suggested mechanism.

COLL 313

Targeted polymer-nanoparticle based therapies to treat secondary degeneration
following partial injury to the CNS

Ivan Lozié'?, ivan.lozic@uwa.edu.au, Carole A Bartlett?, Nicole M Smith'?, Matt R
Kilburn®, Swaminathan K lyer*, Sarah A Dunlop?, Melinda Fitzgerald®>.A (1) School of
Chemistry and Biochemistry, The University of Western Australia, Crawley, Western
Australia 6009, AustraliaA (2) Experimental and Regenerative Neurosciences, School
of Animal Biology, The University of Western Australia, Crawley, Western Australia
6009, AustraliaA (3) Centre for Microscopy, Characterisation and Analysis, The
University of Western Australia, Crawley, Western Australia 6009, Australia

Oxidative stress in the astrocytic syncytium adjacent to the primary injury is believed to
play a vital role in the spread of secondary degeneration following injury to the Central
Nervous System (CNS). In order to stem the spread of secondary degeneration, we
have developed a targeted nanoparticle-based therapy designed to deliver the anti-
oxidant resveratrol to astrocytes overexpressing aquaporin 4 (AQP4) following
neurotrauma. Nanoparticles (NPs) containing 6 nm magnetite particles, rhodamine B
dye and resveratrol were synthesised using a spontaneous emulsion method from a
highly functionalised poly(glycidyl methacrylate) polymer [141 nm]. A custom-made anti-
AQP4 antibody was attached to the nanopatrticles via a maleimide-thiol reaction [NP
size: 581 nmj. In vitro, antibody conjugated resveratrol encapsulating NPs appeared to
be taken up by a larger proportion of mixed retinal cells than non-antibody conjugated
resveratrol encapsulating NPs, or antibody conjugated NPs without resveratrol [antibody
conjugated resveratrol encapsulating NPs = 0.31 £ 0.05; non-antibody conjugated
resveratrol encapsulating NPs = 0.19 £ 0.03; antibody conjugated NPs without
resveratrol = 0.20 £ 0.03, data expressed as the proportion of cells with NP uptake].
PVG rats that underwent partial optic nerve transection and had antibody conjugated
resveratrol encapsulating NPs nano-injected into the injury site at the time of injury,
made a greater number of responses in the optokinetic nystagmus visual reflex test,
than similarly injured animals treated with non-antibody conjugated resveratrol



encapsulating NPs (P < 0.05). NPs containing resveratrol targeted to astrocytes may
serve as an effective therapy for secondary degeneration following neurotrauma.

COLL 314

Rapid aerosol-based synthesis of hollow silica particles as templates for hollow-
nanostructured lithium ion battery anodes

Olasehinde G Owoseni, oowoseni@tulane.edu, Jibao He, Vijay John.Department of
Chemical and Biomolecular Engineering, Tulane University, New Orleans, Louisiana
70118, United States

Hollow particles are promising in various applications such as rechargeable batteries,
sensors, catalyst supports, biomedical imaging agents and controlled delivery systems.
However, the synthesis of hollow particles typically requires building a desirable
material layer around a solid core, followed by removal of the core by dissolution or high
temperature calcination. These multistep operations and complex components often
leads to difficulties in scaling up to commercially viable quantities. Here, we integrate
fundamental understanding of surfactant self-assembly in solution with sol-gel chemistry
for the rapid and scalable synthesis of hollow silica particles using a surfactant-aided
aerosol process. The utility of these hollow silica spheres for the fabrication of hollow-
nanostuctured tin oxide/iron oxide composite spheres is described. The results of this
work is significant in the rapid and scalable synthesis of hollow anode materials for
lithium ion batteries.

COLL 315
Millifluidic dispensing of compound drops

Jihye Kim, zhay0809.kim@ttu.edu, Siva A. Vanapalli.Department of Chemical
Engineering, Texas Tech University, Lubbock, TX 79409, United States

Recently, millimeter-scale fluidic devices are gaining interest as tools to manipulate fluid
volumes because of their ease of fabrication and assembly. In this study, we
demonstrate a millifluidic dispensing device which exploits gravity-driven pinch-off of
compound-emulsion drops into multiwell plates. This strategy can be an inexpensive
alternative to conventional automated pipetting systems, with the flexibility of controlling
sample volumes and reagent concentrations for applications in drug screening and cell-
based assays.

The millifluidic device consists of a T-junction to produce aqueous drops in a continuous
oil phase which subsequently flow through a vertical tube. We manipulate the aqueous
and oil flow rates at T-junction and investigate how drop size, production frequency and
spacing affect the number of encapsulated aqueous droplets in the dispensing
compound drop. We find that the number of encapsulated aqueous droplets is directly
dictated by the ratio of the aqueous droplet production rate at T-junction to the



compound drop dispensing rate at vertical tube. We observe that compound drop gets
pinched off when it reaches a critical volume determined by the balance of gravitational
and capillary forces. Furthermore, dispensing rate can be predicted with the total
volumetric flow rate injected divided by the critical volume.

To manipulate reagent concentration in each dispensing compound drop, we adjust the
flow rates of the reagent and water prior to drop production at T-junction. We study the
effect of system parameters on the concentration profiles generated and the maximum
dilution-fold achievable. We find that larger increment of the mixing flow rate ratio of
reagent to water results in higher dilution fold with narrow dilution step size between
consecutive dispensing drops. Lastly, more is the number of aqueous droplets
accumulated in a single compound drop smaller is the dilution fold. We will discuss the
significance of our results for drug screening applications.

COLL 316
Detection of nanoparticle aggregation in complex, biological environments

Samir V. Jenkins?!, svjenkin@email.uark.edu, Jingyi Chen®, Yongbin Zhang®.A (1)
Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, Ar
72701, United StatesA (2) NCTR/ORA Nanotechnology Core Facility, National Center
for Toxicological Research, Jefferson, AR 72079, United States

Plasmonic metal nanomaterials are promising candidates for future theranostic
platforms that are in various stages of translation from the benchtop to clinical use. They
are typically administered intravenously and, therefore, immediately encounter blood—
an extremely complex fluid with many active components. These components may
cause aggregation or dissolution of the particles, thus changing their properties.
Determining a material's response to blood is crucial, particularly from a regulatory
standpoint, to the development of new, clinically available materials. Most commonly-
used characterization methods have limited capabilities for monitoring the status of NPs
in situ following their introduction to the blood. In this study, a new methodology is
developed to reveal the changes of spherical Au and Ag nanoparticles in complex
biological solutions (e.g. blood) using reflectance hyperspectral imaging coupled with
Raman spectroscopy. The aggregation of the NPs is monitored based on the changes
of the optical resonance of the particles by hyperspectral imaging. These results are
further correlated with the Raman enhancement of the protein adsorbed on the NPs.
Using this method, the fate of the citrate-capped gold NPs in the blood is examined and
compared with that of the silver NPs, and little aggregation was observed for either
sample. Some patrticle aggregation is observed following uptake and sequestration in
endosomes of macrophages, but the NPs generally remained nonaggregated. The
methodology is adaptable to a wide range of materials of varying shapes, compositions,
and functions.

COLL 317



Injectable hydrogel with oxygen-generating microsystem for tissue regeneration

Wei Lv, wei.lv@coyotes.usd.edu, Ying Deng.Department of Biomedical Engineering,
University of South Dakota, Sioux Falls, SD 57107, United States

Oxygen deprivation is one of the formidable challenge in the tissue engineering field.
Delayed tissue healing, cell apoptosis as well as tissue necrosis can occur due to the
limited oxygen delivery. In order to address this issue, an oxygen-generating injectable
hydrogel system was fabricated by incorporating calcium peroxide-based (1 wt%, 5 wt%
and 10 wt%) polycaprolactone (PCL) microparticles into catalase-containing poly(N-
isopropylacrylamide)-methacrylic acid-chitosan (PNIPAM-MAA-CS) hydrogel. A dosage-
dependent trend of oxygen releasing was observed and the media oxygen
concentration was maintained at approximate 1 mg/L to 10 mg/L for 10 days when
incubated under normal conditions. Fibroblasts were seeded in the oxygen-generating
PCL microparticles-containing PNIPAM-MAA-CS hydrogel and control hydrogel without
oxygen-generating PCL microparticles for biocompatibility test on the center section of
the hydrogel. Cell viability and cell proliferation were characterized under normal culture
conditions. Confocal images showed that cell viability was significantly improved in the
center of the oxygen-generating gel compared to the cells in the center of the control.
MTT test for cell proliferation revealed that hydrogel containing 5 wt% calcium peroxide
microparticles showed a significantly higher cell number compared to the control and
other groups. Our results demonstrate that a catalase-contained hydrogel with oxygen-
generating PCL microparticle system can be designed and developed to provide a long-
term (up to 10 days) oxygen delivery for tissue regeneration.

COLL 318

Controlled release of hydrophobic drugs from poly(ethylene glycol) covered gold
nanocages

Jingyi Chen?, chenj@uark.edu, Samir Jenkins', Avinash Srivatsan?, Kimberly
Reynolds’, Ravindra Pandey?.A (1) Chemistry and Biochemistry, University of
Arkansas, Fayetteville, AR 72701, United StatesA (2) Photodynamic Therapy Center,
Roswell Park Cancer Institute, Buffalo, NY 14263, United States

Two strategies, exterior and interior loading, are demonstrated to entrap and
controllably deliver hydrophobic drugs based on a poly(ethylene glycol) (PEG)
monolayer covered gold nanocage (AuNC) platform. A protein-rich in vivo environment
was imitated to study the release kinetics during delivery. To facilitate monitoring, a
hydrophobic photosensitizer, 3-(1'-hexyloxyethyl)-3-devinylpyropheophorbide-a, was
used for this study. For exterior loading, the release rate was found to increase with
PEG terminus in the order of positively charged (cationic terminus) > neutral (methoxy
terminus) > negatively charged (anionic terminus). Using a surface cross-linking
approach, the release was largely inhibited. External stimuli (e.g. light irradiation) led to
a burst release due to the photothermal effect of the AUNCSs. In the case of interior
loading, no release was observed. The study is extended to in vivo for image-guide



enhanced photodynamic therapy. The short-term toxicity of the nanoparticles is also
examined.

COLL 319

Dendron-based PEGylated micelles: Structure, stability and interactions with lipid
membranes

Soumyo Sen, ssen5@uic.edu, Niladri Patra, Petr Kral.Chemistry, University of Illinois
at Chicago, Chicago, lllinois 60607, United States

In collaboration with experimentalists, we study the self-assembly of PEGylated
dendron-based

copolymers (PDCs) with different end-groups functionalities (-OMe, -NH2, -COOH, and
-Ac) into

dendron micelles. We use classical molecular dynamics simulations to model these
systems to compare

the morphologies of PDC micelles with PEGylated linear copolymers micelles, and
analyze the effects of

the monomer architecture on the micelle size, aggregation number, and structure of its
individual

regionsl,2. We also investigate how different PDC micelles with charged end groups
interact with lipid

bilayer membranes to figure out under which conditions the micelles enter into cellular
systems. Finally,

we study the interactions of mixed PDC micelles with membrane proteins. The highly
stable PDC

micelles have a great potential to provide novel drug delivery platforms.

1. J. W. Bae, R. M. Pearson, N. Patra, S. Sunoqrot, L. Vukovi¢, P. Kral, and S. Hong.
Chem. Comm. 47, 10302

(2011).

2. R. M. Pearson, N. Patra, H.-J. Hsu, S. Uddin, P. Kral, and S. Hong. ACS Macro Lett.
2,77 (2013).

COLL 320

Toxicity measurements of quantum dot nanoparticles in cell cultures and
Daphnia pulex

Jennifer Holland, jennifer-holland@utulsa.edu, Amanda Rightler, Kevin Thomas,
Robert Sheaff, Kenneth P Roberts.Department of Chemistry and Biochemistry, The
University of Tulsa, Tulsa, OK 74104, United States

Nanomaterials are becoming widely used in technology, medicine, and industry.
However, the potential toxicity of nanomaterials to humans remains unclear, which
leads to uncertainties in establishing proper safety guidelines for individuals that come



into contact with nanomaterials. In particular, it is unclear as to whether the size and/or
the chemical compositions of the nanomaterials dictate toxicological effects. To partially
address this debate, we have conducted studies on various cell cultures, using quantum
dots with varied surface chemistries and nanopatrticle size. In addition to cellular
studies, the toxicity of quantum dots was tested with daphnia pulex as a whole organism
comparison. Assay methods included fluorescence microscopy, cell viability assays,
and inductively coupled-plasma mass spectrometry to determine the degree of
degradation within cells and daphnia. It is anticipated that these results will further
clarify the mode of toxicity of quantum dot nanoparticles and provide a framework for
future studies of cell cultures coupled to whole organism studies.

COLL 321
Synthetic high-density lipoprotein mimic for treatment of atherosclerosis

Sean Marrache', sm186@uga.edu, Shanta Dhar"?.A (1) Department of Chemistry,
University of Georgia, Athens, GA 30602, United StatesA (2) Department of Physiology
and Pharmacology, University of Georgia, Athens, GA 3060, United States

Atherosclerosis continues to be one of the leading causes of death in the United States
despite numerous advances in treatment and prevention. Amongst these treatments,
there is growing interest in the early identification and treatment of vulnerable plaques,
which is a plaque that is at high risk of disruption followed by thrombosis. However,
there is no accepted method for the early detection of such plaques. Recently, we
developed a synthetic high-density lipoprotein (HDL)-mimicking nanoparticle (NP)* that
demonstrates excellent biocompatibility, serum stability, physicochemical and non-
immunogenic properties, and has the ability to sense apoptotic macrophages which can
be used in imaging vulnerable plaques. These NPs show potential in rerouting
cholesterol away from plague macrophages to help prevent or slow the progression of
vulnerable plaques. Here we present further optimization in order to better mimic of
natural HDL. In vitro cholesterol binding and efflux of cholesterol from macrophage
derived foam cells will be discussed.

1. Marrache, S. and Dhar, S. "Biodegradable synthetic high-density lipoprotein
nanoparticles for atherosclerosis, Proc. Natl. Acad. Sci. USA, 2013, 110, 9445-9450.

COLL 322

Seeded co-reduction of Cu-containing bimetallic nanostructures and their
catalytic applications

Jingyi Chen, chenj@uark.edu, Shutang Chen, Samir Jenkins, Emily Miller.Chemistry
and Biochemistry, University of Arkansas, Fayetteville, AR 72701, United States

A general strategy to synthesize Cu-M (M=Au, Pt, or Pd) bimetallic nanorods is reported
which is based on a seeded co-reduction method. In this approach, noble metal



nanoparticles serve as seeds, and newly reduced Cu atoms are subsequently nucleated
on one side of the seeds, resulting in heterodimmer nanoparticles with an M-rich and a
Cu-rich portion. The elongation of the particles originates from the site-specific
deposition of Cu clusters on Cu-rich side of these Janus nanoparticles by retarding
reduction kinetics of Cu through galvanic replacement. Using this approach, Cu-M
alloyed nanorods can be conveniently synthesized with tunable composition, crystal
structure, and aspect ratio. These nanorods provide a unique system for investigation of
the structural and compositional effects on their optical and catalytic properties.

COLL 323

Influence of thiol protected gold nanoparticles on the catalytic activity of the first
generation Grubbs catalyst

Isaias B Aragdo, isaias.aragao@igm.unicamp.br, Regina Buffon, Daniela
Zanchet.Department of Inorganic Chemistry, University of Campinas, Campinas, Sao
Paulo 13083-970, Brazil

Thiol-protected gold nanoparticles (AuNPs) are well-known particles that show
enhanced stability and properties compared to non-protected particles. Grubbs-type
ruthenium complexes are also well-studied catalysts for olefin metathesis. This Ru
complex is widely used in organic synthesis due to its remarkable activity and functional
group tolerance. That way, binding a Grubbs like complex to the AuNP could give both
brand new properties and applications. Firstly, it is indispensable to evaluate the
stability of both components in the presence of each other. Nevertheless, the ring
opening metathesis polymerization (ROMP) of 1,5-cyclooctadiene (COD) was chosen
because it is an olefin metathesis model reaction. Reactions were conducted under
argon atmosphere, at 308 K, with 0.1 mol% of Ru catalyst, in dry CH,Cl,, with
methylcyclohexane as internal standard, under Schlenk techniques and with the
addition of the desired mass of AUNPs (synthesized by the NaBH4/EtOH one-phase
method). Reaction yield measurements were obtained comparing the
methylcyclohexane/COD peak ratio obtained by gas chromatography (GCFID). The
reaction was also followed by *H NMR in C¢Dg with 1 mol% of Ru complex in a 400
MHz instrument. Yield measurements were obtained comparing the poly(COD) peaks
(2.00-2.15 and 5.35-5.53 ppm) with the COD ones (2.12 and 5.58 ppm). The reactions
analyzed by GCFID in the presence of AUNPs showed lower yields towards blank
reactions, even showing null results because of thiol interactions with the ruthenium
alkylidenes, depicted by additional peaks in the *P NMR, indicating formation of new
phosphorus species and catalyst deactivation. The *H NMR reactions showed
concordant results, with fast activation in the presence of AUNP related to phosphine
abstraction. It has been shown that besides its high group tolerance, Grubbs first
generation catalyst is not stable enough toward free thiols, other studies are being
made to assure the reproducibility of these results.

COLL 324



Surface patterning of silver nanoparticles using spiropyran-functionalized
surfaces and spiropyran-functionalized nanoparticles assemblies

Gavin F Kirton?, gavin.kirton@rocky.edu, William J Brittain®, Christopher Reyes’.A
(1) Chemistry and Biochemistry, Texas State University, San Marcos, Texas 78666,
United StatesA (2) Chemistry, Rocky Mountain College, Billings, Montana 59102,
United States

The ability to control growth and organization of nanoparticles on a surface using light
would have numerous applications in materials science. Towards this aim, spiropyran
was chosen as the photochromic center for surface patterning, where a large change in
polarity and conformation occurs when spiropyran is converted by UV photon
absorption to the colored merocyanine form. We propose the generation of silver
nanoparticles based on the following methodology: 1) surface attachment of spiropyran
moities, 2) photochemical formation of the merocyanine form of spiropyran (“UV
activation”), 3) electrostatic binding of Ag”™ ions to the merocyanine moity, and 4)
reduction of Ag* to adsorbed Ag®. We will compare the approaches of directly
functionalizing glass and silicon surfaces with covalent attachment of spiropyran, and
the assembly of spiropyran-functionalized silica nanopatrticles onto the same substrates.
The loading, patterning, and nanoparticle dimensions will also be discussed.

COLL 325
Metal-enhanced fluorescence of photosynthetic complexes

Maria Olejnik?, marysia8@doktorant.umk.pl, Dorota Kowalska®, Guanhua Lin®, Bartosz
Krajnik!, Eckhard Hofmann? Sebastian Mackowski*.A (1) Faculty of Physics,
Astronomy and Informatics, Nicolaus Copernicus University, Torun, PolandA (2)
Department of Biology and Biotechnology, Ruhr-University Bochum, Bochum, Germany

Knowledge of the basics properties of individual nanostructures is essential to create a
hybrid system exhibiting improved properties over the constituents. In particular, by
combining organic emitters with metallic nanoparticle it is possible to enhance the
fluorescence intensity of the emitter.

In this work, we combine photosynthetic complexes responsible for absorbing solar
energy, and after isolation exhibit emission in the res spectral region, with metallic
nanoparticles, in order to establish conditions for observing metal — enhanced
fluorescence (MEF).
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Figure 1. Fluorescence map of photosynthetic complexes coupled to silver nanowires.

We coupled photosynthetic complexes to metallic nanoparticles with varied plasmonic
character, in either random or more controlled geometry, utilize strong non-covalent
binding. Combination of wide-field and confocal fluorescence microscopy as well as
time-resolved fluorescence techniques enabled demonstration of strong influence of
plasmon excitation in metallic nanoparticles upon the fluorescence of photosynthetic
complexes (Fig.1).

Coherent information of mechanisms playing key roles in fluorescence or excitation
enhancements in photosynthetic complexes can results in finding attractive solution for
a concept of artificial photosynthesis.

Financial support from the WELCOME program “Hybrid nanostructures as a stepping-
stone towards efficient artificial photosynthesis” awarded by the Foundation for Polish
Science is gratefully acknowledged.

COLL 326

Immunomodulatory properties of hydrogen-bonded multilayer capsules of
polyphenol

Veronika Kozlqukayal, vkozlovs@uab.edu, Hubert M Tse?, Eugenia
Kharlampieva®.A (1) Department of Chemistry, University of Alabama at Birmingham,



Birmingham, Alabama 35294, United StatesA (2) Department of Microbiology,
University of Alabama at Birmingham, Birmingham, Alabama 35294, United States

We report on immunomodulatory properties of multilayer capsules based on hydrogen-
bonded interactions of a natural polyphenol (tannic acid) with poly(N-vinylpyrrolidone)
(TA/PVPON). The immunomodulatory properties of the (TA/PVPON) capsules were
investigated on three types of pro-inflammatory cytokines synthesized by stimulated
macrophages and diabetogenic autoreactive CD4" T cells. Our results on
immunomodulatory properties of the hydrogen-bonded capsules indicate that the shells
themselves are not immunogenic, as they do not induce synthesis of the cytokines in
the absence of stimulators. Importantly, the (PVPON/TA), capsules drastically suppress
synthesis of lymphocyte maturation factor IL-12p70 (twenty-fold) which can produce
IFN-y by promoting formation of T helper type 1 effector cells from naive CD4" T cells,
and IFN-y (three-fold), indicative of T cell adaptive immune activation, in stimulated
macrophages and diabetogenic BDC-2.5 T cells, respectively. In contrast, no significant
change in synthesis of IL-2 cytokine indicative of T cell proliferative capacity was found
under the same conditions. We also demonstrate the capability of TA/PVPON
multilayers to scavenge reactive oxigen species (ROS) which are produced in the cell
surroundings and act as signaling molecules for activation of macrophages and T cells.
Potentially,transplantation with (TA/PVPON)-coated islets of pancreatic cells should
significantly decrease the risk of graft rejection due to attenuation of IL-12p70 and IFN-
Y, while the unaffected synthesis of IL-2 would not promote the T cell apoptosis
undesirable due to increased risks of infections.

COLL 327
Tuning the redox coupling in guantum dot-dopamine assemblies

Xin Ji, xj09@fsu.edu, Wentao Wang, Hedi Mattoussi.Department of Chemistry and
Biochemistry, Florida State University, Tallahassee, Florida 32306, United States

We explored the charge transfer interactions between CdSe—ZnS quantum dots (QDs)
and redox active dopamine. For this, we synthesized four different size CdSe—ZnS QDs
with core/shell radius that vary between 2.8 nm, emitting at 520 nm, to 3.9 nm, emitting
at 610 nm. These nanocrystals were rendered water-compatible via ligand exchange,
followed by covalent coupling to a controlled number of dopamine isothiocyanate via a
fixed length linker. Combining steady-state/time-resolved fluorescence, we found that
the highest quenching efficiency is measured for the QDs with the largest band gap
(smallest size) but progressively decreases for those with narrower band gap. In
addition, transient absorption measurements probed at 800 nm and at the first exciton
peak of different QDs were carried out to investigate the changes of dynamic relaxation
rates between QDs and redox active dopamine in both acidic and alkaline solutions. We
will discuss the mechanism of size/pH-dependent photoluminescence quenching
behaviors within the framework of photoinduced charge transfer interactions.
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Cyclic azasilanes: Efficient monolayer deposition and their applications

Janis G Matisons, jmatisons@gelest.com, Annalese F Maddox, Kevin Alpaugh, Mani
Singh, Youlin Pan, Joel Zazyczny, Barry Arkles.Gelest Inc, MORRISVILLE,
Pennsylvania 19067, United States

Silane coupling agents, such as alkoxy and chlorosilanes, are frequently used to link
inorganic surfaces with organofunctional substituents with applications in
microelectronics, optoelectronic devices etc. Even though these conventional silane
coupling agents remain the most versatile surface modifiers, they do release alcohol or
HCI byproducts on coupling to surfaces. Their low vapor pressure also poses
challenges during surface modification especially when this is applied to nanoparticles.
Any byproducts can remain on the substrate surface, thereby interfering with the
targeted chemical properties. Furthermore, alkoxy silanes require hydrolysis prior to
deposition on the surface, leading to water at the interface and the potential deposition
of cage-like silane condensation products.

Gelest Inc., a leader and innovator of silane chemistry/technology, has developed an
efficient alternative to conventional silane coupling agents. Cyclic azasilanes afford
inherent structural properties that would eliminate the need for any hydrolysis step and
offer no byproducts on surface coupling. These silanes contain Si—N bonds in a ring
structure that opens very quickly when it meets any hydroxyl functionality forming a
covalent bond to a surface. It has been described as 'click chemistry on surfaces' by
those that have used this approach. Both Si-N and Si—O bond energies
thermodynamically favor ring opening and reaction with a hydroxyl surface; a reaction
that occurs in under a minute. Gelest has monitored the kinetics of this process which
shows a first order reaction with respect to ring opening. Our investigation of cyclic
azasilane reactivity and the resultant treated surfaces will be presented using *H NMR,
FTIR, XPS, and AFM data to provide an understanding of the surface interaction,
topography, and durability of the monolayer. The application of cyclic azasilanes as
additives in surface treatment formulations will also be presented.
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Study of Nile red exchange between nanodiscs: A kinetics study of hydrophobic
molecular transportation

Ying Liu, YING.4.LIU@UCONN.EDU, Paul Molinaro, Mu-Ping Nieh.Department of
Chemical and Biomolecular Engineering, UNIVERSITY OF CONNECTICUT, Storrs, CT
06269, United States

Monodispersed nanodiscs can be self-assembled in an aqueous lipid mixture of 1,2-
dipalmitoyl-sn-glycero- 3-phosphocholine (DPPC), 1,2-dihexanoyl-sn-glycero-3-
phosphocholine (DHPC) and 1,2-dipalmitoyl-sn-glycero-3-phospho- (1'-rac-glycerol)
(sodium salt)(DPPG) and 1,2-distearoyl-sn-glycero- 3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000] (ammonium salt) (PEGylated DSPE). The stability



of the nanodiscs and the effect of PEG (molecular chain length and concentration) on
the disc morphology are characterized by dynamic light scattering, negative staining
transmission electron microscopy and small angle neutron scattering. Furthermore, the
nanodiscs are found capable of entrapping hydrophobic molecules such as cholesterol,
Nile red, hydrocarbon chains. Fluorescent spectroscopy was applied to study the
loading capacity of the nanodiscs through the fluorescence of the entrapped Nile red..
The exchanging rate of Nile red between discs is characterized by the time-resolved
fluorescence measurement. The approach allows us to experimentally determine the
exchange rate of the molecules from one to another nanoparticle, thus providing the
insight to the stability of entrapped molecules in nanoparticles.
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Poly-(3-hexylthiophene) aggregate formation in binary solvent mixtures: An
excitonic coupling analysis

David S Boucher, boucherds@cofc.edu, Calynn E Johnson.Department of Chemistry
and Biochemistry, College of Charleston, Charleston, SC 29424, United States

We have studied the aggregation behavior of P3HT [M, ~ 28.2 kDa, regioregularity >
96 %, PDI ~ 1.3] in 96 solvent mixtures is studied using UV-Vis absorption
spectroscopy. We used Hansen solubility parameters (HSPs) and Spano excitonic
coupling analyses to identify correlations between the properties of the solvent mixtures
and the extent of structural order of the aggregates. It is clear that the identity of the
poor solvent used to drive aggregation has a significant impact on the excitonic coupling
behavior and, hence, the structural order of the P3HT aggregates. However, solubility
parameter theory does not account nor provide a predictive theory for the observed
trends. Instead, qualitative arguments based on the nature of the interactions between
the solvents and the polythiophene and hexyl side chain motifs are used to rationalize
the kinetics of formation and the observed excitonic coupling characteristics of the
P3HT aggregates.

COLL 331
Magnetic nanocomposites for cell growth

Vania B Bueno, Luiz Henrique Catalani, Denise F S Petri, dfsp@usp.br.University of
Sao Paulo, Brazil

In this paper we present a ten minutes' synthesis to obtain magnetite nanoparticles by
co-precipitation under sonication (MP-US) at room temperature in the absence of any
stabilizer and their characterization. For comparison magnetite particles were
synthesized by co-precipitation under heat (MP-Heat). The magnetite nanoparticles
were characterized and the colloidal stability of magnetite dispersions was evaluated.
MP-US patrticles presented mean diameter of 15 nm and isoelectric point (pl) of 6.5,
while MP-Heat particles were sub-micrometric and presented pl at 5.4. At pH 6 these



characteristics made the agueous MP-US dispersions more stable than the aqueous
MP-Heat dispersions. Further cross-linked xanthan films were immersed for ten
seconds in the agueous dispersion at pH 6 and room temperature. Scanning
transmission electron microscopy revealed that the MP-US nanoparticles assumed a
spatial distribution in the xanthan matrix, resulting in scaffolds with improved coercivity
in comparison to bare MP-US particles and suitable for the proliferation of fibroblasts,
particularly when exposed to external static magnetic field®.

1. Bueno, VB; Silva, AM; Barbosa, LRS; Catalani, LH; Teixeira-Neto, E.; Cornejo, DR,;
Petri, DFS, Chem Commun. 2013, 49, 9911.DOI: 10.1039/c3cc42277a
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Negative impact of functionalization of Cu/CeQO, catalysts for hydrogen
production

Tathiana Midori Kokumai, Daniela Zanchet, daniela@igm.unicamp.br.Institute of
Chemistry, Campinas State University, Campinas, SP 13083-970, Brazil

Functionalization of oxides with chemical groups such as —NH3, -CN, -COOH, is an
interesting route to prepared metal-supported catalysts since it favors a firmly
attachment of the metal species and improvement of metal loading and dispersion. In
this work we explore the functionalization of CeO-,. nanorods (~11 x 70 nm?) with 3-
aminopropyltrimethoxysilane (APTMS) to address its impact on catalytic activity of
Cu/CeO, catalysts under water-gas shift reaction (WGS). The WGS refers to the
conversion of CO with steam producing CO, and H, and copper catalysts are usually
under low temperature regime, below 230 °C. Interestingly, the studies revealed a
negative effect of the functionalization, decreasing by half the CO conversion under the
same conditions. A set of characterization techniques were used to address this result.
We found that the functionalization decreased the surface area (from 96 to 53 m?/g) and
truncated the length of the CeO, nanorods (from ~70 to 40 nm), but did not affect the
mean nanorod diameter. The APTMS totally covers the CeO, surface and after
calcination created a thin silica layer, detected by nuclear magnetic resonance. Cu®*
was well dispersed on the CeO, nanorod surfaces, and we did not find a significant
improvement due to the functionalization. A minor population of large Cu nanopatrticles
(~13 nm) was detected by X ray diffraction but it was similar to bare and functionalized
nanorods. The results suggest that the thin silica layer formed between metallic copper
and CeO; nanorod hinders the Cu-CeOy interaction that favors H,O activation,
decreasing the catalyst performance.
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Folic acid-modified laponite nanodisks as targeted carriers for doxorubicin
delivery



Yilun Wu, Rui Guo, ruiguo@dhu.edu.cn, Xueyan Cao, Mingwu Shen, Xiangyang
Shi.Department of Chemistry, Chemical Engineering and Biotechnology, Donghua
University, Shanghai, China

In this report, we synthesized folic acid-modified laponite (LAP) nanodisks as a targeted
drug delivery system for efficient loading and delivery of anticancer drug doxorubicin
(DOX) to cancer cells overexpressing folate receptors (FR). The surface modification of
LAP was successfully accomplished through step-by-step coupling reactions with 3-
aminopropyldimethylethoxysilane and then folic acid by the aid of 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide. The formed folic acid-modified LAP (LM-FA) was
characterized by UV-Vis spectroscopy and thermogravimetric analysis, and used as a
carrier to encapsulate and release DOX. We show that DOX is able to be encapsulated
within the interlayer space of LAP with a high loading efficiency of 92.1% and be
released at a quicker rate at acidic pH condition (pH = 5.4) than at physiological pH
condition. The specific therapeutic efficacy of LM-FA/DOX to FR-overexpressed cancer
cells will be demonstrated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide cell viability assay and laser scanning confocal microscopy observation in
future work. Therefore, cancer-cell-specific ligand modified laponite may be used as
drug carriers to encapsulate cancer drugs for potential targeting therapy of different
types of cancer.
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Prodrug strategy to achieve lyophilizable, high drug loading micelle formulations
through diester derivatives of B-lapachone

Xinpeng Ma, xinpeng.ma@utsouthwestern.edu, Xiumei Huang, Gang Huang, Yiguang
Wang, Xiuguan Luo, David A Boothman, Jinming Gao.Departments of Oncology,
Pharmacology, and Radiation Oncology, University of Texas Southwestern Medical
Center, Dallas, TX 75390, United States

B-Lapachone (B-Lap) is a promising anticancer agent that kills many cancer cells with
elevated expressions of NAD(P)H:quinone oxidoreductase-1 (NQO1). Despite the
therapeutic promise, clinical translation of b-lap is hampered by the lack of an effective
formulation to overcome the limitations in solubility and pharmacokinetics. In this study,
we investigated a prodrug strategy to improve the formulation properties of B-lap
therapeutics. Diester derivatives of B-lap were synthesized and found to increase the
compatibility with PEG-b-PLA copolymer in a micelle formulation (30-40 nm in
diameter). Our data show that diester prodrugs (except for the diacetyl derivative)
greatly improved the drug loading density and efficiency in PEG-b-PLA micelles, which
led to high apparent drug solubility (>7 mg/mL), physical stability, and ability for
reconstitution after lyophilization. In the presence of esterase, p-lap prodrugs (e.g. dC3)
can be efficiently converted into parent drug, resulting in NQOZ1-specific killings of lung
cancer cells. The established B-lap prodrug micelles allow for further evaluation of
safety and antitumor efficacy in preclinical animal tumor models.
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"Cool" and efficient: Nd*'-sensitized upconversion emission

Ye-Fu Wang®??, koei@pku.edu.cn, Ling-Dong Sun*#*, Chun-Hua Yan**3.A (1) Beijing
National Laboratory for Molecular Sciences, Beijing, ChinaA (2) State Key Laboratory
of Rare Earth Materials Chemistry and Applications & PKU-HKU Joint Laboratory in
Rare Earth Materials and Bioinorganic Chemistry, Beijing, ChinaA (3) College of
Chemistry and Molecular Engineering, Peking University, Beijing, China

Upconversion (UC) process is a unique two-photon fluorescence phenomenon. For
lanthanide-based UC process, the sensitizer (usually Yb**) absorb the two or more
near-infrared (NIR) photons and via transfer energy modes to activators
(Er¥*/Tm*/Ho™") to result upconverted emissions. It features high tissue penetration
depth and low background interference, and attracts great research interest for imaging
in vivo.

However, the absorption of Yb*'ions are efficient at ~980 nm, which is coincidently at
the maxim absorption of water. Intense absorption of excitation light by water may
induce risk of tissue overheating or even burn wound. Thus, to ensure the biosafety of
UC-involved in vivo applications, it is of great importance to shift the excitation
wavelength of UC process away from 980 nm.

808 nm excitation 980 nm excitation

Intanaiy (& w)

Here in this work, we report a new excitation way with Nd** sensitization at 808 nm by
constructing NaGdF4:Yb,Er@NaGdF4:Nd,Yb nanoparticles. The large absorption cross
section of Nd*" at 808 nm, along with the efficient Nd**-to-Yb** energy transfer, result in
high UC excitation efficiency at 808 nm, which is comparable with that at 980 nm. More
importantly, as water absorbs much less at around 808 nm, the tissue overheating
effect is dramatically alleviated. This result might help rational design of UC materials,
especially when high excitation power density or long irradiation duration is required.
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Designing a nontoxic liposomal delivery system to enhance oncolytic viral
therapy



Natalie Mendez, nmendez@ucsd.edu, Andrew C Kummel.Department of Material
Science and Engineering, University of California, San Diego, San Diego, CA, United
States

Oncolytic viruses can exploit validated genetic pathways known to be deregulated in
many cancers and are directly cytolytic. Viral gene therapy holds great promise due to
the approach which takes advantage of the virus' ability to replicate within cancer cells
to levels that are many logs higher than the input dose, lyse the infected cell and
subsequently spread to adjacent cells. In particular, the oncolytic adenovirus TAV-255
has shown viral replication attenuation in normal cells while retaining cytolytic activity in
tumor cells by taking advantage of defects in the p53-tumor suppressor pathway.
Despite its several advantages, the utility of OVs for cancer therapy is limited by
neutralization by antibodies mediated by the immune system, rapid clearance by the
reticuloendothelial (RE) system in the liver, and the lack of expression of surface
receptors (CAR) in certain cancers necessary for OV transduction. With the aim to
overcome an immune response and to enhance its potential use to treat primary and
metastatic tumors, a method for liposomal encapsulation of adenovirus has been
developed. The encapsulation of Adenovirus in an anionic non-toxic liposome has been
prepared by self-assembly of Lecithin around the viral capsid. The developed method
has shown that encapsulated viruses retain their ability to infect cancer cells and serum
stability. PEGylated liposomes have the potential to increase the circulation time of
Adenovirus after systemic delivery which can enhance the efficacy of OV therapy.
Furthermore, an immunoprecipitation (IP) technique has shown to be a fast and
effective method to extract non-encapsulated viruses and homogenize the liposomes
remaining in solution. Extracting non-encapsulated viruses from solution may prevent
an adverse immune response when used in an in vivo model and may enhance
treatment for multiple administrations.

COLL 337

Nanoparticle-based strategy for the broad detection and imaging of tumours by
nonlinear amplification of microenvironment signals

Yiguang Wang®, wangyiguang1980@hotmail.com, Kejin Zhou', Gang Huang?,
Christopher Hensley?, Xiaonan Huang*, Xinpeng Ma*, Tian Zhao', Baran D. Sumer?,
Ralph J. DeBerardinis?, Jinming Gao'.A (1) Simmons Comprehensive Cancer Center,
UT Southwestern Medical Center, Dallas, Texas 75235, United StatesA (2) Children’s
Medical Center Research Institute, UT Southwestern Medical Center, Dallas, Texas,
United StatesA (3) Department of Otolaryngology, UT Southwestern Medical Center,
Dallas, Texas 75390, United States

Stimuli-responsive nanomaterials are increasingly important in a variety of applications
such as biosensing, molecular imaging, drug delivery and tissue engineering. For
cancer detection, a paramount challenge still exists in search of methods that can
illuminate tumors universally regardless of their genotypes and phenotypes. Here we
capitalized on the acidic, angiogenic tumor microenvironment to achieve broad



detection of tumor tissues in a wide variety of mouse cancer models. This was
accomplished using ultra-pH sensitive fluorescent nanoprobes that have tunable,
exponential fluorescence activation upon encountering subtle, physiologically relevant
pH transitions. These nanoprobes were silent in the circulation, then dramatically
activated (>300 fold) in response to neovasculature or to the low extracellular pH in
tumors. Thus, we have established non-toxic, fluorescent nanoreporters that can non-
linearly amplify tumor microenvironmental signals, permitting identification of tumor
tissue independently of histological type or driver mutation, and detection of acute
treatment responses much more rapidly than conventional imaging approaches.
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c-Met: A new target for nanoparticle therapeutics

Alesha Harris, Amanda Phelps, Robby A Petros, petros@unt.edu.Department of
Chemistry, University of North Texas, Denton, TX 76203, United States

c-Met, a member of the tyrosine kinase family of proteins, is over-expressed in well-
differentiated pancreatic endocrine neoplasms as well as many carcinomas including
pancreatic, lung, breast, colorectal, head and neck, ovarian, renal, prostate, glioma,
melanoma, gastric, hepatocellular, and a number of sarcomas. c-Met plays a role in
several oncogenic pathways (PI3K-PDK1-AKT-mTor, Ras-Rac-Pak, Ras-Raf-MEK-
ERK, and PLC-y) that regulate cell migration, invasion, angiogenesis, morphogenic
differentiation, cell proliferation and survival. An underappreciated aspect of c-Met's role
in oncogenesis is its potential exploitation in nanoparticle therapeutics. The external



domain of c-Met provides a prime target for directing therapeutic nanoparticles to
metastatic tumor cells. We have conjugated c-Met binding ligands to the surface of
fluorescently labeled polymeric nanoparticles. Cells that exhibit low, medium, or high
levels of c-Met expression were then exposed to our targeted particles where uptake
was examined by flow cytometry and fluorescence microscopy. Details of the
conjugation chemistry, characterization, and uptake studies will be discussed along with
future opportunities.

COLL 339
Raidiotherapy enhancement with hollow gold nanoparticles

Sina Moeendarbari?, sina.moeendarbari@mavs.uta.edu, Yaowu Hao', yhao@uta.edu,
Chienwen Huang®, Preston Christensen?, Vasant Kearney?, Xiankai Sun?, Weihua
Mao>.A (1) Department of Materials Science and Engineering, University of Texas at
Arlington, Arlington, TX 76019, United StatesA (2) Department of Radiology, University
of Texas Southwestern Medical Center at Dallas, Dallas, TX 75390, United StatesA (3)
Department of Radiation Oncology, University of Texas Southwestern Medical Center at
Dallas, Dallas, TX 75390, United States

In the last decade, gold nanoparticles have been explored as radiation sensitizers to
enhance radiotherapy. It has been reported that the energy deposition due to
nanoparticles is geometrically dependant and that hollow shell-shaped nanoparticles
may lead to higher radiation enhancement than solid nanopatrticles. In this work we
report in vitro study on radiotherapy enhancement of hollow gold nanopartilces. Hollow
gold nanoparticles with a diameter of approximately 120 nm, termed as Au-
NanoCapsules, were synthesized by bubble template synthesis method [2]. Au-
NanoCapsules have a 50 nm hollow core and a 30 nm thick polycrystalline shell. A
clonogenic cell survival assay protocol was used in this study to assess radiation dose
enhancement on breast cancer MDA-MB-231 cells. The Au-NanoCapsules were
sterilized in 70% IPA and then re-suspended in the cell culture medium at different
concentrations. After 48 hours, cell colonies were irradiated using x-rays from a small
animal irradiator (Precision X-ray), or a 6 MV x-rays from a commercial linear
accelerator (Truebeam, Varian Medical Systems). 8 days following irradiation, the cell
colonies were fixed, stained, and then counted visually. Using the same protocol but
without irradiation, cytotoxicity studies were performed, which also acted as control
groups. The result shows that there was no notable cytotoxicity of Au-NanoCapsules up
to an Au concentration of 350 uM. The enhancement at radiation dosages up to 6 Gy
was investigated. With 140 uM Au-NanoCapules at a dose of 4Gy, the survival fraction,
defined as the ratio between the numbers of survival colonies of irradiated samples and
control samples, dropped from 0.37 to 0.24 for the Truebeam and from 0.17 to 0.03 with
the small animal irradiator. It can be concluded that this novel hollow nanoparticle has
excellent radiotherapy enhancement and could potentially be used to significantly
reduce prescription dosage when they are uptaken prior to radiation therapy.
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Gold nanoparticle-polyplex enhanced electroporation-based therapeutic
strategies in leukemia

Shuyan Huang?, Yingbo Zu', Yang Lu', Shengnian Wang®, swang@latech.edu.A (1)
Department of Chemical Engineering, Louisiana Tech University, Ruston, Louisiana
71272, United StatesA (2) Department of Biomedical Engineering, Louisiana Tech
University, Ruston, Louisiana 71272, United States

DNA or RNA-based non-viral therapy methods (including chemical or physical
approaches) have been developed to serve as favorable alternative in cancer therapy to
their virus-mediated counterparts while still suffer some unsatisfied performance (e.g.,
low cellular uptake, high cytotoxicity, and/or low efficiency). We hypothesize that the
combination of some of these methods could improve therapy performance.
Specifically, we evaluated two novel therapeutic strategies. In strategy I, gold
nanoparticles (AuNPs) were used to enhance electroporation-based delivery of DNA
(e.g., pGFP & pLuc) and RNA probes (e.g., miR29b): free AuNPs of high conductivity
help reduce the electroporation solution resistance so that the pulse strength on cells is
enhanced; transferrin grafting AuNPs (Tf-AuNPs) were brought to leukemia cell
membrane through affinity binding with TfR receptors and served as virtual
microelectrodes to locally polarize cells from various sites, each affected only limited
area. The enhancement was found dependent on the size, concentration, and the
mixing ratio of free AUNPs/Tf-AuNPs. An equivalent mixture of free AUNPs and Tf-
AuNPs exhibited the best enhancement with the transfection efficiency increased 2-3
folds at minimum sacrifice of cell viability. In strategy Il, polyplex (e.g., polyethylenimine-
DNA or-RNA complex) were internalized through electroporating the leukemia cells after
conjugating with AUNPs. The formed Au-NPs-polyplex complex became more uniform
in size and less toxicity as cationic polymers were fixed on the surface of AUNPs.
Electroporation helps directly introduce nanoparticles into the cell cytoplasm, avoiding
slow and inefficient internalization routes like endocytosis. We found that AUNP polyplex
showed significant enhancement on the transfection efficiency while no obvious
increase of toxicity. These new delivery strategies, the combination of nanoparticles and
electroporation technologies, may stimulate in vitro and in vivo delivery of various
DNA/RNA probes, anticancer drugs, or other therapeutic materials.

COLL 341

Metal-organic coordination networks for surface-supported transition metal
catalysts

Daniel Skomski, dskomski@indiana.edu, Benjamin E. Draper, Christopher G. Williams,
Christopher D. Tempas, Kevin A. Smith, Steven L. Tait.Department of Chemistry,
Indiana University - Bloomington, Bloomington, Indiana 47405, United States

The control of surface reactivity has major economic implications in heterogeneous
catalysis. For the chemical tuning of catalytic metal centers, redox-active, on-surface
coordination to a diverse repertoire of ligands is of great interest for the self-assembly of



ordered supramolecluar networks and control of the metal oxidation state. It is
necessary to extend strategies for surface coordination from model systems towards
those of a practical interest. We are working to study applications of C-H bond activation
resulting from the interaction of small alkanes and oxygen with single-site catalysts
under ultra-high vacuum conditions. Our experiments utilize several complementary
analysis methods, including a pulsed supersonic molecular beam, X-ray photoelectron
spectroscopy (XPS), Auger electron spectroscopy (AES), high-resolution electron
energy loss spectroscopy (HREELS), low-energy electron diffraction (LEED),
temperature programmed desorption (TPD), and scanning tunneling and atomic force
microscopy (STM/AFM). New measurements into surface structure and reactivity on
metal supports and supported catalyst compounds will be presented.

COLL 342
Supramolecular networks on a silicon surface or on insulators

Matthieu Beyer', Younes Makoudi®, Simon Lamare?!, Judicael Jeannoutot, Frank
Palmino?, Frederic Cherioux?, frederic.cherioux@femto-st.fr, Ania Amrous?, Franck
Bocquet?, Laurent Nony?, Franck Para?, Christian Loppacher®.A (1) Institut FEMTO-ST,
Besancon, France 25044, FranceA (2) IM2NP, Aix-Marseille UniversitA©, Marseille,
France 13397, France

The aim of this work is to understand and to control the adsorption of organic molecules
on ionic substrates and silicon surface by means of a joint work of molecular synthesis,
nc-AFM or STM imaging. The influence of the substrate lattice constant was also
investigated by depositing the molecules on different substrates. The chosen molecule
(CDB) consists of a central part with three phenyl rings and two lateral alkyl chains
(CH3)9-CHs.

The alkyl chains were added to the molecule in order to facilitate the two-dimensional
(2D) growth by interdigitation between alkyl chains of adjacent molecules. The central
part of the molecule is ended by cyano groups on the one hand to modify the molecule-
substrate (MS) interaction and, on the other hand, to favour the molecule-molecule
(MM) interaction. Nc-AFM or STM high resolution images acquired at room temperature
and under ultra high vacuum show highly ordered organic layers and confirm that our
strategy to obtain 2D molecular assembly on ionic substrates and silicon surface is
successful.



Our work shows that the ordered growth is driven by the conformational adaptability of
the molecule, the commensurability between the molecular layer and the substrate, and
the proper choice of polar end-groups which enforce both, the MM as well as the MS
interaction.

COLL 343

Experimental and theoretical studies of supramolecular self-assemblies on a
silicon surface

Guillaume Copie®, Christophe Krzeminski®, Fabrizio Cleri?, Bruno Grandidier®, Younes
Makoudi', Frank Palmino®, Frederic Cherioux®, frederic.cherioux@femto-st.frA (1)
Institut FEMTO-ST, Besancon, FranceA (2) IEMN, Lille, France

We report the experimental and theoretical study of the self-assembly of planar organic
molecules of the type tris-1,3,5-(4'-X-biphenyl)benzene (with X=H, Br and CN) on a
passivated, boron-doped Si(111)-B V3x\V3R=30° surface. Ordered molecular structures
are observed by high-resolution STM. We perform multi-scale atomistic simulations, by
DFT structure relaxation (Gaussian03), metadynamics, molecular dynamics (MD) with
empirical forces, and kinetic Monte Carlo with condensed degrees of freedom. At low
coverage, we identify by metadynamics the lowest-energy adsorption sites consistently
with the STM images. Upon increasing molecular coverage, structural phase transitions
of the molecular network are observed, in excellent agreement with experimental STM
data. Our theoretical models allow to elucidate the subtle interplay between dispersion
forces and hydrogen bonding, leading to some unexpected phenomena. Biasing the MD
by a simple elastic-band constraint method, we identify the kinetic path leading from a
high-density to a low-density ordered phase. Next, kinetic Monte Carlo simulations over
a frozen Si(111)-B surface, with energy parameters derived from the MD, help
explaining the apparently striking experimental observations, according to which lower-
density phases are favored over higher-density phases.
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STM study of halogen bonded self-assembled supramolecular structures at the
solution/solid interface

Riccardo Gatti', Jennifer MacLeod?, macleod@emt.inrs.ca, Josh Lipton-Duffin*,
Andrey Moiseev?, Dmitrii Perepichka?, Federico Rosei'.A (1) A%onergie, MatA©riaux et
TA©IA©communications, Institut National de la Recherche Scientifique, Varennes,
Quebec J3X 1S2, CanadaA (2) Department of Chemistry, McGill University, Montreal,
QC H2W 2J4, Canada

The self-assembly of organic molecules on surfaces is a potential driving force for the
creation of bottom-up bidimensional (2D) nanostructures. The resulting self-assembled
molecular networks (SAMNS) exhibit appealing properties that can be tailored by
properly tuning the features of the single molecules, as well as the interactions
governing their self-assembly.

Here, we describe a detailed scanning tunneling microscopy (STM) study of the self-
organization of halogen-terminated molecules at the solution/solid interface. In ambient
conditions these molecules form stable organized arrangements, with intermolecular
halogen bonding as the main stabilizing force. By changing the halogen terminations
and the kind of substrate onto which these molecules assemble, interesting insights into
the energetic of the system can be obtained. We will present data obtained from Br- and
I- terminations of a threefold symmetric molecule that self-assembles on both graphite
and Au(111) surfaces, considering the effects of different substituents on the molecular
arrangement within the SAMN. Furthermore, the surface symmetry can induce different
phases or domains if energetically degenerate configurations are allowed.

A deep understanding of the formation of such organized molecular layers is an
essential step towards the future incorporation of these molecular materials into
devices. Although SAMNSs can be stabilized by other weak forces, e.g. van der Waals or
hydrogenbonding, halogen bound 2D structures are interesting thanks to the peculiar
double polarisation of the carbon-halogen (C-X) bond, which allows the formation of
geometrical stable structures with the halogen termination participating in more than
one interaction.

COLL 345

CO chemisorbed on Pt(111): Coverage-dependent overlayer structures and
intermolecular interaction

Hyun Jin Yang'?, hjyang@riken.jp, Maki Kawai®, Yousoo Kim?A (1) Department of
Advanced Materials Science, The University of Tokyo, Kashiwa, Chiba 277-8561,
JapanA (2) RIKEN, Wako, Saitama 351-0198, Japan

In terms of the intermolecular interaction, carbon monoxide (CO) adsorbed on a metal
surface is generally considered to be repulsive due to the dipole-dipole interaction. Here
we report the existence of more complex intermolecular interaction rather than simple



repulsive one in CO chemisorbed on Pt(111) surface, by means of the real-space
investigation of various coverage-dependent overlayer structures[1] and relevant
dynamics in the overlayer structure, using scanning tunneling microscopy(STM) at liquid
helium temperature (4.7 K) under ultra-high vacuum. Formation of anti-phase islands
with local (V3xV3)R30° geometry at 0.1 ~ 0.3 monolayer (ML) surface coverage
indicates not only short-range repulsive interaction between adjacent ontop-adsorbed
molecules, but also the complex interaction to limit the number of molecules in each
island and to form anti-phase boundary. Bridge-site adsorbed CO, which appears at the
boundary of (V3xV3)R30° islands and c(4x2) domain, exhibit the intermolecular
interaction between ontop CO and bridge CO by reducing the height of neighboring
ontop CO in topographic STM image. Moreover, the bridge CO occupying at the center
of local rectangular geometry (c(V3x2)rect) shows switching behavior with neighboring
ontop site, and the relative energetic state of the ontop site is under influence of
relevant geometry outside the rectangular unit, implying the intermolecular interaction
between nonadjacent adsorbates. The origin of each intermolecular interaction will be
discussed.

— (3= HRI cid=d)
b

P With increasing surface coverage (8)

[1] Yang, H. J.; Minato, T.; Kawai, M.; Kim, Y. J. Phys. Chem. C. 2013, 117, 16429—
16437.
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For self-assembly at the liquid/solid interface, the liquid phase acts as a reservoir of
dissolved species which can diffuse towards the substrate, adsorb, diffuse laterally and
desorb. These dynamic processes are highly sensitive to changes of the exact
experimental conditions (solute concentration, choice of the solvent, deposition
temperature etc.) and are on par with the proper supramolecular design for the



formation of high quality monolayers at the liquid/solid interface. To get insights into the
kinetics and thermodynamics of various processes occurring in surface self-assembly,
we have studied bicomponent model systems based on dehydrobenzo[12]annulene
(DBA) derivatives in which carefully designed marker molecules not only facilitate STM
identification and analysis but also induce chirality and have well defined adsorption
energies relative to the reference component. Here we report our preliminary findings
on the effect of temperature and solution composition for the adsorption/desorption
dynamics and monolayer growth in these systems.
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A novel two-step “on-surface” assembly method has been designed to build a Ru(bpy)s
complex directly onto a nanocrystalline metal oxide surface. This was achieved by first
grafting a “building-block” ligand (2,2'-bipyridine) to the surface through a Williamson
ether synthesis like reaction utilizing organo-halide compounds. A solution of
[Ru(bpy)2(CH3CN),](PF¢). was then exposed to the surface under UV irradiation to
obtain the full Ru(bpy)s; complex tethered to the surface. The stability of the complex in
water and the charge transfer characteristics were then measured. After dissociation in
water, the molecules were shown to be regenerable when re-exposed to the
[Ru(bpy)2(CH3CN)2](PFe)2 solution. The two-step method can be extended to other
metal-containing light-harvesting complexes, including those containing Cu.
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Ultraprecise templating on the sub-5 nm scale is one of the attractive features of two-
dimensional networks on surfaces. Mostly demonstrated for molecular guest species in
ultrahigh vacuum experiments and at the liquid-solid interface [1], network controlled
deposition in an electrochemical environment has, so far, been limited to the
intercalation of