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Virus-like particles (VLPs) are easily modified by chemical and biological means, 
retaining excellent properties of stability and structural homogeneity. We have explored 
the bacteriophage Q-beta capsid as a prototypical VLP for the development of 
biologically-active entities and assemblies. The synthesis of polymer- and carbohydrate-
decorated particles will be described, along with the characterization of their physical, 
circulatory, and immunological properties relevant to the development of vaccines and 
diagnostic agents. 
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Cowpea mosaic virus and virus-like particles for material synthesis 
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Biological nanoscience sits at the interface between chemical, biological and material 
sciences. The properties of plant virus particles make them useful synthons, scaffolds 
and templates for applications in bionanoscience. Adaptation of the virus particles 
facilitates their use as platforms for multivalent presentation of ligands and as templates 
for materials synthesis. For example, Cowpea mosaic virus (CPMV) particles are ca. 30 
nm diameter icosahedra with well characterised physical, genetic and biological 
properties; they are preformed, pseudo-spherical, monodisperse nanoparticles. The 
properties of CPMV make it a natural, robust, nanoscale building block for inorganic 
materials synthesis and for the development of targeted carriers of therapeutic agents. 
Further, it has been shown that empty CPMV-based virus-like particles, that contain no 
genomic nucleic acid, can be used in the synthesis of encapsulated inorganic materials 
and for internal loading. The virus-based nanomaterials have potential applications in, 
for example, sensors, diagnostics, therapeutics and catalysis. 

COLL 3 

Plant virus-based nanostructures at the interface of materials science and 
biology 



Nicole F Steinmetz, nicole.steinmetz@case.edu.Biomedical Engineering, Radiology, 
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44106, United States 

A quintessential key in nanotechnology and materials science is to self-assemble 
multifunctional nanoparticles with well-defined properties. Nature has already perfected 
the self-assembly of various nanostructured molecules and materials. We have turned 
toward the structures of plant viruses (termed viral nanoparticles, VNPs). These highly 
symmetrical nanomaterials come in various shapes and sizes, but each species is 
highly monodisperse. VNPs have a high degree of symmetry and polyvancy. These 
features render VNPs attractive carrier systems for medical applications. Genetic and 
chemical engineering can be applied to introduce hundreds to thousands of copies of 
targeting ligands, therapeutics and imaging moieties. Functionalities can be introduced 
at the exterior and interior surfaces, and with spatial control. In this presentation, I will 
highlight the application of engineered VNPs for tissue-specific imaging and drug 
delivery. Specifically, I will introduce our recent work, which focuses on the study of 
structure-function relationship studying VNPs of different shapes in in vivo mouse 
models. Further, I will outline methods for the development of hierarchically organized 
VNP-networks and their applications in medicine. 

Acknowledgements: This work was supported by NIH/NIBIB grants R00 EB009105 
and P30 EB011317, a Case Western Reserve University Interdisciplinary Alliance 
Investment Grant, and a Case Comprehensive Cancer Center grant P30 CA043703 
(NIH/NCI). 
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Capsids derived from the bacteriophage P22 are robust and versatile nanoplatforms. 
Two distinct interfaces (exterior and interior) of these hollow, spherical nanocontainers 
allow for encapsulation of cargo and targeted delivery to desired tissues. To 
encapsulate high payloads of small molecule cargos, we have utilized atom transfer 
radical polymerization (ATRP) to incorporate a cross-linked polymer network consisting 
of poly(2-aminoethyl methacrylate) (AEMA) monomers constrained to the inside of the 
P22 capsids. The AEMA can subsequently be derivatized with small molecules to 
achieve very high loading of the capsid. For applications in magnetic resonance imaging 
(MRI), we have attached 10,000 Gd per capsid, corresponding to an internal 
concentration of 150 mM Gd. At 60MHz (1.4T), this protein–polymer hybrid 
demonstrated ionic relaxivities (r1) of 22.0 mM-1s-1, and an extremely high per particle 



relaxivity of 200,000mM-1s-1, placing these constructs comfortably in the upper end of 
observed macromolecular relaxivities. 
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Viral particles are transport vesicles that have the potential to deliver different cargo to 
specific targets. Plant and bacteria viruses are good platforms for chemical modification 
and encapsidate a wide range of cargo; however, these viruses do not usually target 
human cells. Oncolytic animal viruses are able to discriminate between human target 
and non-target cells but can only be modified at the genetic level, thus minimizing the 
range of cargo being delivered. Our lab has developed a method to incorporate a range 
of cargo (nucleic acids, small molecules, and nanoparticles) into an enveloped oncolytic 
virus, having the advantages of both the plant and animal virus systems. The viral 
nanoparticles we have developed may potentially provide the balance needed for 
designing viral particles for diagnostic, therapeutic, and biomedical applications in 
medicine as well for exploring fundamental cell processes. 
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RNA-guided self-assembly of nanotube architectures: Growing plant viral sprouts 
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Tobacco mosaic virus derivatives with multivalent, biochemically addressable protein 
surfaces are promising tube-shaped nanocarriers for capturing, catalytic, signal-
generating and -transducing (biogenic or inorganic) moieties. Not only can the >2,100 
coat protein (CP) subunits per virion be tailored genetically to support distinct coupling 
reactions, but also can the nucleoprotein helix be assembled in vitro from heterologous 
RNA constructs and CP types. This allows to modulate the nanoarchitectures' 
composition, length and shape up to 'nanoboomerangs' and 'trees'. 3'-terminally 
immobilized RNA controlled a site-selective bottom-up fabrication of tube arrays on 
demand, on Si wafers, polymers and metal colloids (then 'nanostars'). The hybrid 
structures are promising candidates for a high-density presentation of molecules in 
'systems-on-a-chip' or 'liquid arrays'. Close-to-application tests point at immense 
capacities to act at interfaces with physical and (bio)chemical environments. These 
include stabilized ferrofluids, biotemplated transistor components, and 3D-scaffolded 



fluorophores and enzymes expected to operate complex technical, catalytic or 
diagnostic processes. 
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World-wide an increase in pathogenic bacteria that are (multi-)resistant to commercially 
available antibiotics has been observed, while the number of effective antibiotics has 
declined steadily. One promising strategy to combat such pathogens is based on 
cationic host defense peptides, which can discriminate between bacterial and 
mammalian cell membranes interacting predominantly with negatively charged lipids 
exposed on the bacterial cell membrane surface. 

Moreover, the amphipathic nature of these peptides confers them interfacial activity as 
can be deduced from stable monolayers at the air-water interface. Insertion of the 
peptides into the bilayer disrupts the lipid packing altering the lateral lipid pressure 
profile, which results in diverse effects on membrane structure and integrity depending 
on headgroup charge and hydrocarbon chain length of the membrane lipid. For 
example, peptides that tend to reside in the bilayer interface owing to their amphipathic 
moment along the helical axes induce at high concentrations as function of the target 
lipid either interdigitated membrane structures or micellization. 
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We performed molecular dynamics computer simulations where we used different level 
of detail in the description of force fields: from all-atoms to simplest models, to study the 
structural properties of melittin peptide when it was adsorbed on a lipid bilayer surface 
or when it was in a transmembrane conformation. We also studied the structural 
properties of the assembly of peptides and the effect of such an assembly on the 
membrane pore creation mechanism. While simulations using all-atoms force field 
allowed us to obtain estimates for the free energy of adsorption and free energies of 
transition from the surface to the transmembrane states, the simulations that employed 
less detailed force fields and therefore performed over longer time periods, provided us 



with information on the character of the bilayer disruption due to the presence of 
peptides. Combining all-atoms and coarse-grained simulations results we were able to 
propose a possible mechanism of melittin action on lipid bilayers, consistent with some 
recent experimental observations. 
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Discovering highly potent pore-forming peptides using synthetic molecular 
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There are many natural and designed peptides that permeabilize membranes, and there 
are multiple mechanisms by which membrane permeabilization can occur. Yet, peptides 
that unequivocally self-assemble into equilibrium, membrane-spanning pores at low 
peptide to lipid ratios (P:L£1:1000) are very rare. The design and engineering of such 
peptide “nanopores” in lipid bilayer membranes is desirable as it could lead to improved 
biosensor platforms, targeted therapeutics, exogenous ion channels, or drug delivery 
vehicles. While the few well studied pore-forming peptides have provided a lot of 
information about the architecture of peptide pores, especially a-helical pores, our 
knowledge of the fundamental molecular principles of pore formation is not detailed 
enough for rational engineering. This is a roadblock to the design of new pore-forming 
peptides and to the optimization of known pore-formers for particular applications. In 
this work we show how novel, highly potent, equilibrium pore-forming peptides can be 
discovered using synthetic molecular evolution, i.e. iterative cycles of combinatorial 
library design and high-throughput screening. In the first example, we used two 
generations of de novo library design and screening to identify highly potent pore-
formers that self-assemble into b-sheets in membranes. These peptides may be the 
only known examples of highly potent, pore-forming peptides that have b-sheet 
secondary structure in membranes. In the second example we designed an iterative 
library that used the helical pore-former melittin as a template. From this library we 
identified gain-of-function pore-formers that are much more potent than melittin. The 
results demonstrate the power of synthetic molecular evolution for the discovery and 
engineering of membrane active peptides. 
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Aminoacylated phosphatidylglycerols (PG) are common lipids in the cytoplasmic 
membranes of Gram-positive bacteria. Their presence in staphylococcal membranes 
has been linked to increased resistance to a number of antibacterial agents, including 
antimicrobial peptides. Most commonly, the PG headgroup is esterified to lysine, which 
converts anionic PG into a cationic lipid with a considerably increased headgroup size. 
We have been studying how the presence of aminoacylated lipids in lipid vesicles 
affects the activity of two antimicrobial peptides, cecropin A and mastoparan X. To 
differentiate between the effects of headgroup charge and size on peptide-lipid 
interactions, we synthesized two different derivatives. In one, the headgroup was 
modified by the addition of lysine, and in the other, by glutamine. We find that the 
aminoacylated lipids can drastically inhibit the release of content from lipid vesicles to a 
degree that depends on the mode-of-action of the peptide studied. 
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Interfacially active antimicrobial peptides (AMPs) have received significant attention for 
uses ranging from therapeutics to active agents in antibacterial surfaces. In addition to 
use as antimicrobial agents, AMPs have potential as sensing agents with many 
advantageous properties superior to the ubiquitous antibody-based biosensors. Utilizing 
small arrays of naturally occurring AMPs, we have shown discriminatory binding of the 
immobilized AMPs to lipopolysaccharide (LPS, sepsis agent) molecules from different 
bacterial species, strains, and serotypes. Furthermore, we demonstrate differential 
binding of LPS molecules from bacteria grown under different environmental conditions. 
To elucidate the nature of LPS-AMP binding selectivity, both natural and rationally 
designed AMP sequences were utilized to systematically investigate the effects of key 
interfacial properties including charge, hydrophobicity, and amphiphilicity. Our results 
show the influence of both overall charge and hydrophobicity, but more importantly the 
spacial distribution and location of these properties relative to the peptide-substrate 
interface on AMP-LPS binding selectivity. 
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The widespread use of antibiotics has promoted the growing threat of bacteria that are 
resistant to almost all available antibiotics. Antimicrobial peptides (AMPs) represent a 
promising generation of antibiotics because they have broad-spectrum activity and 
lower toxicity. However, due to the limited sequence diversity of AMPs, it is challenging 
to identify and design new potent AMPs by quickly and accurately evaluating their 
antimicrobial activity. In this work, we develop potential-mean-force (PMF) coarse-
grained molecular dynamics simulations to measure the free energy required to transfer 
the peptides from bulk water phase to water-membrane interface to bilayer interior. The 
PMF results reveal that different PMF shapes can indeed identify different membrane 
insertion scenarios by mapping out peptide-lipid energy landscapes during peptide 
insertion. Antimicrobial activity appears to be closely related to the transmembrane 
ability. The PMF profile can be an instructive index to distinguish and identify 
antimicrobial activity of designed and existing AMPs. 
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Selectively shaping noble metal nanocrytals by using electrostatic potential 
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We demonstrate the electrostatic potential surface can be use as guidelines to predict 
the facet binding selectivity of small molecules to Pt and Pd. Aromatic compounds with 
negative electrostatic potential surface in the ring system showing binding specificity to 
Pt {111} facets are used to synthesize Pt nano-tetrahedra. The binding affinity is also 
related to the relationship between molecular binding sites and Pt atoms. Raman 
spectroscopy was used to investigate their binding configurations that benzene ring of 
aromatic compound with Pt {111} facet binding specificity adsorbs parallel to Pt (111) 
surface. Small molecules with a positive electrostatic potential surface show a potential 
binding preference to Pt {100} facets. We rationally selected small molecule to 
synthesize Pt nanocubes as design. At last, we demonstrate the guidelines in another 
materials system, i.e., Pd. Our study represents a significant step toward the 
development in predictable and programmable materials synthesis through design. 
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Biotemplating on the basis of DNA self-assembly has been considered as an attractive 
method to produce metal nanomaterials. However, the mechanism how biomolecular 



templates affect the size, morphology and physicochemical properties of metal 
nanoparticle is far from clarity. We develop a facile approach to synthesize Pd 
nanoclusters with high catalytic activity towards the reduction of 4-nitrophenol using the 
DNA template adopting i-motif structures. Experimental characterization and DFT 
calculations disclose that the unique structure of i-motif can provide spacial constraints 
for the growth of Pd nanocluster and highly dispersed Pd adatoms involving one-atom 
or double-atom Pd can be generated at low [Pd]/[base] ratio. More intriguingly, the Pd-
base interactions facilitate the activation of 4-nitrophenol so that the catalytic activity of 
Pd nanoclusters is extremely high. This work suggests a promising pathway to 
modulate physicochemical properties of metal nanomaterials with precision adjustment 
of the nucleation and growth mode of nanoclusters. 
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Morphology modulation of Cu2O film via novel hydrothermal redox approach: 
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Cu2O has attracted much attention in photocatalysis and photoelectrochemical (PEC) 
water splitting. In this work, a simple hydrothermal approach is developed to prepare 
Cu2O film via the redox reaction between Cu2+ and Cu plate. Simply tuning the anionic 
groups of Cu2+ can effectively modulate the morphology of rod arrays, cross–linked and 
truncated octahedrals, respectively. The characterizations indicate that the novel rod 
arrays have more copper vacancies and higher optical absorption than the other two 
morphologies, owing to its network structure and abundant edges and corners. As a 
result, the rod arrays exhibit much better performance in PEC and photodegradation 
tests. Interestingly, the photostability of the three morphologies is distinct and 
morphology–dependent. In PEC test, Cu2O films suffer from photoreduction, especially 
for rod arrays. However, in the photodegradation, the rod arrays show high stability, 
accompanied with surface reconstruction that benefits the charge separation. For 
cross–linked octahedral and truncated octahedral, the electron and hole dominate the 
photodegradation while the extra counterparties cause the oxidation and reduction of 
Cu2O, respectively. 
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Previously, we demonstrated that the condensation of aryloxybenzene derivatives with 
hydrosilanes, catalyzed by B(C6F5)3, leads to silicone-modified aromatics. We now 
demonstrate, surprisingly in light of the size of the catalyst, that the reaction can also be 
induced on the surface of ITO. 

ITO surfaces were first modified with a hydrosilane coupling agent using traditional 
methods. Exposure of the ITO surface to the arylamine in the presence of low quantities 
of B(C6F5)3led to a surface to which was tethered the amine. A combination of CA, 
SEM and AFM images demonstrated the modification had occurred. In addition, AFM 
also demonstrated the presence of particles chemisorbed on the surface ranging in size 
from about 20-40 nm in diameter. EDX analysis of the well-defined organic 
nanoparticles confirmed the presence of nitrogen, thereby indicating amines. 

The potential of these materials to affect electron transport in the region of the ITO 
interface will be discussed. 
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Dramatically promotion of water-mediated effects on surface adsorption 
modulation and dye sensitization of TiO2  

Lun Pan, panlun76@tju.edu.cn, Ji-Jun Zou, jj_zou@tju.edu.cn, Songbo Wang, Zhen-
Feng Huang, Xiangwen Zhang, Li Wang.School of Chemical Engineering and 
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Solar-light-induced photosensitization has drawn much attention in environmental 
remediation and solar cells. Dye adsorption on TiO2 is the prerequisite for electron 
transfer, which determines the photocatalytic efficiency. Dye molecules are excited by 
solar light, and then inject electron into the conduction band of TiO2. Our work shows 
that water pre-bonded to the surface bridging hydroxyls of TiO2 can modulate the 
surface electronic structure via polarization, change the adsorption mode of cationic dye 
from common mode (Et2N=RnCOO•••Ti) to electrostatic adsorption (Rn=N+Et2•••Obr

–). 
This novel adsorption mode is highly efficient for electron transfer from dye to TiO2. As 
a result, simply stirring P-25 in water promotes the photodegradation rate by 5 times. 
We further prepared hierarchical TiO2 with macro/mesoporous structure, and its 
photodegradation rate is increased more than 4 times compared with P-25. This result 
opens a door towards facile improving the efficiency of dye-sensitized applications for 
environmental remediation and solar cell. 
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TiO2: Adsorption and photochemical activation of molecular oxygen 
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TiO2 has received widespread attention as a basis both for solar energy collection and 
for environmental remediation. In both applications, the wide band gap and low 
efficiency limit effectiveness. This contribution reports results of combining ultra-nano 
particles (< 2nm) with iron doping. The combination modifies TiO2 electronic states, 
efficiently activating molecular oxygen and altering the photo-oxidation mechanism to 
become a catalyst-mediated, charge transfer reaction. The altered mechanism arises 
due to surface adsorbed, molecular oxygen associated with an iron-induced interband 
state. In the absence of iron, TiO2 either reduces water or stores the electron; with iron 
and molecular oxygen pollutants are photo oxidized with nearly three times the 
efficiency of undoped TiO2. In the absence of molecular oxygen, charge transfer is 
quenched. 
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Photochemical renoxification of nitric acid on real urban grime 

Alyson M Baergen, abaergen@chem.utoronto.ca, D. J. Donaldson.Department of 
Chemistry, University of Toronto, Toronto, Ontario M5S 3H6, Canada 

In recent years there has been increasing interest in understanding the formation of 
pollutant films on impervious surfaces exposed to the atmosphere and their role in 
influencing atmospheric processes. Often referred to as urban grime, these films 
sequester compounds such as polycyclic aromatic hydrocarbons (PAHs), and 
halogenated aromatics (ie. PCBSs) as well as inorganic compounds such as nitrates 
and sulfates from the gas phase. Films are also thought to facilitate heterogeneous 
chemistry such as PAH ozonation as well as photochemistry such as the possible 
photochemical production of NOx and OH important species for air quality 
determination. This suggests that these films may play a role in altering atmospheric 
composition especially in urban environments. In order to explore photochemistry on the 
films, Attenuated Total Reflectance Fourier Transform Infrared spectroscopy (ATR-
FTIR) has been used to track changes in chemical composition of grime following 
illumination. Authentic urban grime is grown directly on ATR crystals by exposing them 
to the atmosphere in downtown Toronto, allowing for the films to be studied without the 
necessity of extraction techniques used in previous studies. Monitoring the change in 
composition of the film on the crystal during illumination with a solar simulator, showed 
the photo removal of nitrate from grime. We will present results comparing the 
photochemistry of authentic grime with proxy films as well as aqueous nitrate 
photochemistry showing evidence of a possible mechanism for a fast renoxification 
pathway for HNO3. 
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Insights into the Chemical and Photochemical Mysteries of O2 on Rutile TiO2(110) 
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Molecular oxygen is a reactant or product in many important catalytic and photocatalytic 
processes occurring on oxide surfaces, with obvious examples including water splitting 
and partial oxidation. Oxygen is also commonly used as a processing gas in the 
preparation of catalysts, ceramics and other important materials, and has obvious 
importance in many environmental settings. Using the rutile TiO2(110) surface as a 
prototype, this talk will illustrate how the field's understanding of the interactions of 
oxygen with oxide surfaces has evolved and deepened over the last two decades. The 
presentation will provide a historical look at the interaction of oxygen with vacancy sites 
on TiO2(110), and then focus on recently obtained insights into the roles of O2 in 
photooxidation reactions, highlighting the complexities of its interactions with surface 
defects, photoexcited charge carriers and coadsorbates. 
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Ultra-thin oxide films as designable model catalysts 

Hajo Freund, freund@fhi-berlin.mpg.de.Department of Chemical Physics, Fritz Haber 
Institute of the Max Planck Society, Berlin, Germany 

In our group silica thin film systems have been designed and studied during the last 
decade and more. The goal was to use such films as model supports. Monolayer and 
Bilayer silica films have been successfully prepared. In fact, the bilayer SiO2 film could 
be imaged in both, crystalline and amorphous phase. The phase transmission is being 
studied. 

Moreover, it has been possible to incorporate aluminium into the film leading to the 
formation of two-dimensional alumosilicates, i.e. zeolites with “infinite cavities”. The 
incorporation of aluminium into the bilayer film follows Löwenstein's rule and we 
demonstrate the formation of bridging OH groups with high acidity. Experimental 
evidence using STM, FTIR, and XPS are given. This study paves the way for studies in 
surface science of zeolite surfaces. 

COLL 22 

CO Induced Adatom Sintering in a Model Catalyst: Pd/Fe3O4 

Gareth S Parkinson, parkinson@iap.tuwien.ac.at, Zbynek Novotny, Giacomo 
Argentero, Michael Schmid, Ulrike Diebold.Institute of Applied Physics, Vienna 
University of Technology, Vienna, Austria 

The Fe3O4(001) surface forms a (√2×√2)R45° reconstruction in which a subtle lattice 
distortion couples to subsurface charge and orbital order1, 2. Together, these effects 
create a strongly corrugated adsorption landscape on which isolated Au3, Pd, H4, 5 and 
Fe6 atoms are stable to high temperatures (400 °C). This makes the Fe3O4(001) is an 
ideal system to study the potential for single atom catalysis under reaction conditions, 
as well as study related phenomena such as sintering. In this presentation we focus 



primarily on the Pd/Fe3O4(001) system, using time lapse scanning tunneling 
microscopy data to follow CO induced sintering at the atomic scale. Mass transfer 
occurs through a Pd carbonyl species, formed via the skyhook effect. Interestingly, 
while CO exposure leads to sintering, hydroxyl groups stabilize single atoms. 

1 Z. Lodziana, Phys. Rev. Lett. 99 , 206402 (2007). 

2 N. Mulakaluri, R. Pentcheva, M. Wieland, W. Moritz, and M. Scheffler, Phys. Rev. Lett. 
103 , 176102 (2009). 

3 Z. Novotny, G. Argentero, Z. Wang, M. Schmid, U. Diebold, and G. S. Parkinson, 
Phys. Rev. Lett. 108 , 216103 (2012). 

4 G. S. Parkinson, N. Mulakaluri, Y. Losovyj, P. Jacobson, R. Pentcheva, and U. 
Diebold, Phys. Rev. B 82 , 125413 (2010). 

5 G. S. Parkinson, Z. Novotny, P. Jacobson, M. Schmid, and U. Diebold, J. Am. Chem. 
Soc. 133 , 12650 (2011). 

6 G. S. Parkinson, Z. Novotny, P. Jacobson, M. Schmid, and U. Diebold, Surf. Sci. Lett. 
605 , L42 (2011). 

COLL 23 

Structure of the TiO2(110) interface with water 
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Much attention has been focused on the surface science of titanium dioxide (TiO2) due 
to its numerous scientific and industrial applications in photocatalysis, 
electrochemistry,active coatings,gas sensors. Among these studies, many have focused 
on the interaction of water and the model rutile (110) surface, due to the fundamental 
role of water in many of the present and potential applications of TiO2. The vast majority 
of experimental and theoretical understanding of the adsorption behaviour of water on 
TiO2(110) concerns gas phase adsorption in ultra-high vacuum (UHV) environments 
(<1x10-10 mbar). Recent work by our group has attempted to characterise the atomic 
scale structure and composition of the water interface with the 'standard' UHV prepared 
TiO2(110) surface using STM, surface spectroscopy and surface diffraction techniques. 

Slightly reduced TiO2(110) samples prepared in UHV before immersion in liquid water 
at room temperature were found to exhibit a 2x1 overlayer in atomic scale STM. The 
2x1 periodicity of the overlayer leads to the formation of phase domains approximately 



300 Å2 in size. Core and valence level photoelectron spectra show the overlayer is 
composed solely of OH. The structure of the water-TiO2(110) interface was investigated 
by surface X-ray diffraction measurements for three environments: a dipped sample, a 
liquid cell, and an in situ vapour dose. The bestfit model for all three consists of an 
overlayer composed of hydroxyls bonded either atop Ti5cor in bridging sites. 

COLL 24 

Surface Chemistry of the Rutile TiO2(011)-2x1 Surface 

Matthias Batzill, mbatzill@usf.edu.Physics, University of South Florida, Tampa, FL 
33620, United States 

We investigate adsorption and reaction of hydrogen and acetic acid on the TiO2(011) 
surface and compare it to results for the (110) surface results. In particular we show that 
diffusion of hydrogen into the bulk becomes favorable at elevated temperatures and this 
precedes lattice oxygen abstraction and water formation, which has been suggested for 
the (110) surface. For strongly covalent bonded molecules, like acetic acid, we propose 
a restructuring of the surface upon chemisorptions. Thermal reaction of acetate with the 
TiO2 substrate results in oxidation of Ti-interstitials at the surface causing formation of a 
new TiO2 surface phase. We end the talk by discussing the electronic properties of this 
new surface. 

COLL 25 

Hydrogen Interaction with Oxide Surfaces: Reduction and Hydroxylation  

Bernd Meyer, bernd.meyer@chemie.uni-erlangen.de.Interdisciplinary Center for 
Molecular Materials (ICMM) and Computer-Chemistry-Center (CCC), Friedrich-
Alexander University Erlangen-NÃ¼rnberg, Erlangen, Germany 

The thermodynamically most stable structures and compositions of ZnO and TiO2 
surfaces in an hydrogen atmosphere as function of temperature and partial pressure 
have been determined using density-functional theory calculations. By homolytic 
hydrogen adsorption the surfaces are reduced, and the amount of surface hydroxylation 
controls the charge state of oxygen vacancies. It will be shown that limits for surface 
reduction exist which depend on the specific oxide surface. By heterolytic hydrogen 
adsorption, on the other hand, hydride anions are formed which may be stabilized in 
oxygen vacancies. High activation barriers guarantee long enough lifetimes of the 
hydride anions so that they might be available for reduction steps in chemical reactions, 
for example, methanol synthesis. Since hydride formation, surface reduction by 
homolytic hydrogen adsorption and re-oxidation of the surface in chemical reactions are 
closely coupled, an understanding of the thermodynamic and kinetic stability of the 
reduction states of the oxide surfaces is essential for obtaining further insights into 
underlying reaction mechanisms. 



COLL 26 

Exploring electron-hole pairs in transition-metal oxides: a theoretical perspective 

Claudia Draxl, claudia.draxl@physik.hu-berlin.de.Physics Department, Humboldt-
UniversitÃ¤t zu Berlin, Berlin, Berlin 12489, Germany 

Oxides are important materials for solar energy conversion and photo-catalysis. For a 
detailed understanding of their properties, insight from theory is crucial. This, in turn, 
requires a reliable description of optical excitations and the underlying electronic 
structure. Here, ab initio results turned out to sensitively depend on details of the used 
method as well as structural conformation. With density-functional theory (DFT) as a 
starting point we apply many-body perturbation theory in terms of the G0W0 approach 
as well as the Bethe-Salpeter equation, to describe for selected oxides the quasi-
particle band structure and excitonic spectra, respectively. We explore the impact of 
crystal structure and relaxation effects as well as the choice of the specific approach 
together with the exchange-correlation potential on the characteristics of the electron-
hole pairs. 

Work in collaboration with Olga Turkina, Andris Gulans, Dmitrii Nabok (all HU Berlin), 
and Cristiana di Valentin (University of Milan) 

COLL 27 

Oxide Surfaces in the Light of Highly Brilliant X-rays 

Andreas Stierle, andreas.stierle@desy.de.Department of Physics, University of 
Hamburg and DESY, Hamburg, Hamburg 22607, Germany 

The atomic structure of basic oxide surfaces was a secret for many years due to their 
insulating nature, which made them inaccessible for electron based techniques such as 
low energy electron diffraction or scanning tunneling microscopy. The intrinsic tendency 
of oxide surfaces towards charging was overcome using surface x-ray diffraction, which 
developed into a powerful oxide surface crystallography tool with the advent of hard x-
ray synchrotron radiation. In my presentation I will review surface x-ray diffraction 
studies on surfaces of prototypical oxides such as Al2O3(0001), MgO(100) and 
TiO2(110), providing detailed structural information [1]. Further on, I will demonstrate, 
how surface x-ray diffraction helped to clarify the stabilization and reconstruction 
mechanisms of polar oxide surfaces such as NiO(111) and MgO(111), an important 
topic in oxide surface research [2]. As unique in-situ tool, surface x-ray diffraction can 
be employed to study oxide surfaces as a function of the oxygen chemical potential over 
a wide pressure range from ultrahigh vacuum to 1 bar and a wide temperature range, 
coupling the surface energetics to the surrounding gas atmosphere [2]. This makes a 
direct comparison with ab-initio thermodynamics density functional theory calculations 
possible, delivering complementary information on surface structure, composition and 
stability. In the case of oxides with reduced charging such as TiO2, scanning tunneling 



microscopy can deliver additional information, helping to disentangle the correct 
structural model [3]. Surface x-ray diffraction is used today for the investigation of 
complex oxide surfaces such as SrTiO3and its interfaces to ultrathin insulating oxide 
films at which 2D electron gases are reported to form [4]. Recent results demonstrate 
that the use of anomalous surface x-ray diffraction can help in the case of 
multicomponent oxides to disentangle roughness from interdiffusion [5]. I will conclude 
in giving a perspective for future work on oxide surfaces using SXRD 

COLL 28 

Interaction of Gas Phase Molecules with Nanostructured Model Supported 
Catalysts: Thermodynamics and Kinetics 

Swetlana Schauermann, schauermann@fhi-berlin.mpg.de.Fritz-Haber-Institut, Max-
Planck-Gesellschaft, Berlin, Berlin 14195, Germany 

Atomistic–level understanding of surface processes is a key prerequisite for rational 
design of new catalytic and functional materials. In our studies, we investigate kinetics 
and thermodynamics of heterogeneously catalyzed reactions and adsorption processes 
on nanostructured model supported catalysts to provide fundamental insights into the 
surface chemistry. By employing pulsed mutli-molecular beam techniques, IRAS and 
synchrotron-based spectroscopies on Pd/Fe3O4/Pt(111) model surfaces, we investigate 
the mechanistic details of complex multi-pathway surface reactions, such as 
hydrocarbon transformation in presence of hydrogen or selective hydrogenation of 
multi-unsaturated hydrocarbons, to obtain the correlations between the reactivity, 
selectivity and the particular structure of the catalytic surface. Complementary, single 
crystal adsorption calorimetry is employed to address thermodynamics of adsorption 
processes and surface reactions, such as e.g. adsorption and reaction of oxygen and 
CO. Specifically, we focus on the particle size dependence of adsorption and reaction 
energies to obtain a fundamental-level understanding of how the nanometer scale 
confinement of matter effects the energetics of surface reactions. 

COLL 29 

Non-specific changes on surface of human cervical epithelial cells during cancer 
transformations 

Igor Sokolov1,2, igor.sokolov@tufts.edu, Maxim E Dokukin1,2, Nataiia V. Guz2, Craig 
Woodworth2.Â  (1) Tufts University, Medford, MA 02155, United StatesÂ  (2) Clarkson 
University, Potsdam, New York 13699, United States 

Nonspecific (physical) changes of the cell surface of cells during transformation from 
normal to cancerous state are rather poorly studied. Here we describe our recent 
studies of such changes done on human cervical epithelial cells during their 
transformation from normal through infected with human papillomavirus type-16 (HPV-
16), immortalized (precancerous), to cancerous cells. The changes were studied with 



the help of atomic force microscopy (AFM) and through nonspecific adhesion of 
fluorescent silica beads to the cell surface. Based on the adhesion experiments, we 
clearly see the difference in nonspecific adhesion which occurs at the stage of 
immortalization of cells, precancerous cells. The analysis done with the help of AFM 
shows that the difference observed comes presumably from the alteration of the cellular 
“brush”, a layer that surrounds cells and which consists of mostly microvilli, microridges, 
and glycocalyx. Further AFM analysis reveals the emergence of fractal scaling behavior 
on the surface of cells when normal cells turn into cancerous. The possible causes and 
potential significance of these observations will be discussed. 

COLL 30 

Mechanical properties of breast cancer cells embedded in matrices 

Jack R. Staunton, Bryant L. Doss, Robert Ros, Robert.Ros@asu.edu.Department of 
Physics, Arizona State University, Tempe, AZ 85287, United States 

Mechanical interactions between cells and the extracellular matrix (ECM) are critical to 
the metastasis of cancer cells. Along with the enhanced ability of metastatic cells to 
remodel ECM by catalyzing both degradation and cross-linking of ECM fibers, increased 
mechanical compliance confers these cells with a distinct advantage in reaching the 
other side. In the past several years, experimental perturbations of ECM stiffness in 
vitro have revealed the importance of 'outside-in' signaling in effecting cellular behavior 
and phenotype, and the physiological relevance of a 3D microenvironment has become 
increasingly clear. We have established a 3D model system investigating cell-ECM 
mechanics using an atomic force microscope (AFM) mounted on and synchronized with 
a confocal laser scanning microscope (CLSM). Along with the use of well-defined 
sphero-conical AFM probes with micrometer sized radii, the advancement of novel AFM 
indentation data analysis methods to correctly determine elastic moduli in a depth-
dependent manner enables us to determine the stiffness of cells that are embedded in 
gels. Multi-color fluorescent labeling of the cell and ECM components, as well as the 
AFM probe, provides the detailed geometry of not only the cell and gel, but also of their 
contact with and deformation by the AFM tip during indentation, all of which are integral 
to the proper interpretation of force-indentation curves on such heterogeneous samples. 

In this talk, we present results from experiments with collagen-embedded metastatic 
MDA-MB-231 breast cancer cells and immortalized non-tumorigenic MCF-10A 
mammary epithelial cells. Collagen I matrices ranging ~10-50 µm in thickness and 
~100-10,000 Pa in elastic modulus are covalently attached to dishes. After 
polymerization, MDA-MB-231 and MCF-10A cells are seeded on the gels. The cells are 
given various amounts of time to adhere and/or invade the gel before fluorescent 
staining and combined mechanical/confocal measurements. 

COLL 31 



Biophysics at the Cell Surface: Developing probes to image tension applied by 
membrane receptors 

Khalid Salaita, k.salaita@emory.edu, Carol Jurchenko, Daniel Stabley, Yang Liu, Yun 
Zhang, Yuan Chang.Department of Chemistry, Emory University, Atlanta, Georgia 
30322, United States 

In this talk, I will describe our work that is focused on the synthesis and characterization 
of fluorescence-based turn–on probes for imaging the molecular tension across 
membrane receptors in real time ( Stabley et al. Nature Methods 2012). All force 
gauges require two parts: a spring with a known force constant, and an accurate ruler. 
Likewise, our sensor takes advantage of fluorescence resonance energy transfer 
(FRET) between fluorophores as a molecular "ruler" and flexible polymer chain as a 
reversible entropic spring with a known spring constant. The sensor allows one to 
quantify molecular forces (1 –100 pN) with high spatial and temporal resolution for a 
wide range of membrane receptors and cell types. I will describe the application of 
these sensors to image forces associated with clathrin-mediated endocytosis, and 
integrin adhesion receptors. Given the superior optical and physical properties of gold 
nanoparticles, we have also developed second generation force sensors and these will 
be described in detail. Finally, I will discuss the development of chemical and enzymatic 
ligation strategies to generate recombinantly expressed tension probes.  

 
 

COLL 32 

RhoA-src crosstalk modulates cell stiffness and adhesion to the matrix 

Harini Sreenivasappa1,2, Soon-Mi Lim1, Sankar Chaki3, Jerome P Trzeciakowski1, 
Michael W Davidson4, Gonzalo Rivera3, Andreea Trache1,2, trache@tamu.edu.Â  (1) 
Department of Systems Biology & Translational Medicine, Texas A&M Health Science 
Center, College Station, TX 77843-1114, United StatesÂ  (2) Department of Biomedical 
Engineering, Texas A&M University, College Station, TX 77840, United StatesÂ  (3) 
Department of Veterinary Pathobiology, Texas A&M University, College Station, TX 
77843-4467, United StatesÂ  (4) National High Magnetic Field Laboratory, Florida State 
University, Tallahassee, FL 32310, United States 



Src is activated by mechanical stress and has an important role in the crosstalk with the 
RhoA pathway in regulating cell adhesion to the matrix. RhoA activation increases cell 
contraction by promoting actin polymerization and focal adhesion formation, hence 
increased cytoskeletal tension. To quantitatively investigate the relationship between 
adhesion strength and cell stiffness in the context of RhoA-Src crosstalk, force 
spectroscopy measurements using a fibronectin functionalized atomic force microscope 
probe were performed on cells expressing Src or RhoA mutants. While expression of 
constitutively active mutants for both Src and RhoA showed stronger adhesion to the 
matrix and an increase in cell stiffness, treatment with SU6656, a cell-permeable small 
molecule which inhibits Src kinase with high affinity, significantly reversed these effects. 
These results show that RhoA and Src crosstalk is not only important for cell adhesion, 
but there is a direct involvement of Src in cytoskeletal tension development. 

COLL 33 

Correlated imaging and force mapping on model membranes and cell surface 
markers 

Shan Zou, shan.zou@nrc.gc.ca.Measurement Science and Standards, National 
Research Council Canada, Ottawa, Ontario K1A 0R6, Canada 

Controlled surface chemistry will introduce molecular recognition and specificity. 
Integration with cell mechanics probed by AFM will bring new insights into cellular 
processes. Using self-assembly of block copolymer micelle loaded metal precursors, 
combined with a further seeding-growth route, a newly developed approach was 
demonstrated to create ordered gold nanoparticle (AuNP) arrays with a series of 
controllable sizes on almost any solid substrate. As an example, the optical response of 
AuNP arrays to local refractive indices can be characterized by the extinction spectra, 
and compared with theoretical simulations based on the AuNPs size, inter-particle 
spacing, and embedding ratio. AuNP arrays functionalized with lipid bilayers (cell 
membrane analog) and lipid binding proteins (cell surface marker analog) can be used 
to test our hypothesis that NP array enhanced sub-wavelength imaging may be 
obtained by p-TIRF. Quantitative evaluation and optimization are proposed to further 
explore the detection sensitivity of e.g., cancer cell surface markers. 

COLL 34 

Immunosensing with AFM 

Igor Sokolov1,2,3,4, igor.sokolov@tufts.edu, Evgeny Katz3,4.Â  (1) Department of 
Mechanical Engineering, Department of Biomedical Engineering., Tufts University, 
Medford, MA 02155, United StatesÂ  (2) Department of Physics, Clarkson University, 
Potsdam, New York 13699, United StatesÂ  (3) Nanoengineering and Biotechnology 
Laboratories Center (NABLAB), Clarkson University, Potsdam, New York 13699, United 
StatesÂ  (4) Department of Chemistry and Biomolecular Science, Clarkson University, 
Potsdam, New York 13699, United States 



Modern enzyme- (EIA/ELISA) and fluorescent- based (FIA) immunosensing assays 
allow for highly accurate, specific, and sensitive diagnostics. However, there is a need 
in lowering the limit of detection, higher sensitivity, and faster detection for prognosis 
and diagnosis of various health issues. Atomic force microscopy (AFM) is a natural 
instrument to study properties of biomolecules in their native environments. AFM has 
the ability of monitoring the assembly of the molecular layers in each step of preparation 
if immunosensors (can have up to five layers). Here we demonstrate the effectiveness 
of the AFM method to lower the limit of detection of DNF (a simulant of TNT) up to two 
orders of magnitude compared to the best results reported in the literature so far. In 
addition, AFM can be used to understand the limits of possible miniaturization of 
immunosensors. We demonstrate it as an example of sensing Antinitrotyrosine IgG and 
Antidinitrophenyl IgG by showing that the smallest size of immunosensors surface 
prepared according to the standard ELISA protocols can be as small as 3 square 
microns. This is about 4 million times smaller than the sensor surface currently used. 
Finally, we demonstrate that AFM can reliably distinguish complex immuno-signals (two 
antigens together versus the same antigens separately), which were impossible to 
resolve by using standard optical detection methods. 

COLL 35 

Accelerated SERS-based Immunoassays via Active Transport Through Gold 
Plated Filter Membranes 

Jeremy D. Driskell1, jdriske@ilstu.edu, David Drake1, Michelle Penn1, SungHyu Koo2, 
Elizabeth A. Driskell2.Â  (1) Department of Chemistry, Illinois State University, Normal, 
IL 61790, United StatesÂ  (2) Department of Pathobiology, University of Illinois, Urbana, 
IL 61802, United States 

The rate of mass transfer often limits the analysis time in conventional heterogeneous 
immunoassays. Previous works have demonstrated that active transport of the analyte 
to the surface immobilized antibody expedites antibody-antigen binding. In this work, we 
developed a porous gold filter membrane as a flow-through capture substrate to 
enhance antibody-antigen binding kinetics. The capture filter was incorporated into a 
surface-enhanced Raman scattering (SERS)-based immunoassay to demonstrate that 
we can significantly increase the assay speed without losing sensitivity by passing the 
sample and SERS labels through the capture filter using a syringe. A model antigen, 
mouse IgG, was used to establish proof-of-principle for the flow-through SERS-based 
immunoassay and to systematically investigate the effect of flow rate and pore size on 
antibody-antigen binding efficiency. Using the optimized capture filter and assay 
conditions, e.g., flow rates, an assay was developed for the detection of influenza virus. 

COLL 36 

Plasmon-Enhanced Enzymatic Reactions 3: Application to β-Galactosidase and 
Alkaline Phosphatase 



BIEBELE ABEL, BIABE1@MORGAN.EDU, KADIR ASLAN.CHEMISTRY, MORGAN 
STATE UNIVERSITY, BALTIMORE, MD 21251, United States 

In this study, we describe the application of plasmon-enhanced enzymatic 
reactions (PEER) to two commonly used enzymes, i.e., β-galactosidase (β-Gal) 
and alkaline phosphatase (AP). Silver Island films (SIFs) were deposited onto 
3-Aminoproplytriethoxylsilane (APS)-coated glass slides at different loading 
(low, medium, and high) which were used as plasmonic surface. The 
immobilization of these enzymes onto SIFs was performed using (1) biotin-avidin 
protein assay and (2) biotin-poly (ethylene-glycol)-amine. Enzymatic activities 
were assessed using optical absorption spectroscopy. While an avidin assay 
enhancement was observed for AP on SIFs, no enhancement was observed for β-Gal 
due to potential inhibition of enzymatic activity. These results indicate that 
any enzymatic process that employs AP can be further enhanced by using 
SIFs. 

COLL 37 

The birth of a plasmon 

Anil Desireddy, Lindsay M. Sanzenbacher, Terry P. Bigioni, 
Terry.Bigioni@utoledo.edu.Department of Chemistry, University of Toledo, Toledo, OH 
43606, United States 

Information on the emergence of plasmons in noble metal nanoparticles is limited. This 
is primarily due to the challenge of preparing a series of molecularly precise clusters 
spanning a size range from small clusters to colloidal nanoparticles, but it is also due to 
the complex physical and chemical interactions between the metal core and 
surrounding media on optical excitations. Here, we overcome both of these challenges 
by recording a systematic series of spectra for discrete Ag magic-number clusters with 
different ligand shells. Spectra of the smallest clusters contained discrete superatom 
transitions that depended on the ligand but they evolved toward a single plasmonic 
peak, independent of ligand, for the largest particles. Surface-enhanced Raman 
scattering from Ag44(p-MBA)30 clusters also showed that dipole transitions in superatom 
clusters are fundamentally similar to plasmonic excitations. A superatom description 
therefore emerges, describing plasmons as highly-degenerate single-electron 
excitations with very large transition dipole moments. 

COLL 38 

Effects of Nanostructureand Aggregating Agents on the SERS detection of 
Cotinine andtrans-3-hydroxycotinine 

Xiao Li, xli@usf.edu, Sungyub Han, shan6@mail.usf.edu, Rongfu Huang.Chemistry, 
University of South Florida, Tampa, FL 33620, United States 



As the metabolites of nicotine, cotinine and trans-3-hydroxycotinine (3HC) have recently 
attracted more and more attention acting as the biomarkers. Here, various silver 
nanoparticles with different structure including pure spheres, Ag core-Au shell and silica 
core-Ag shell were synthesized and optimized to detect cotinine and 3HC using surface-
enhanced Raman spectroscopy. In addition, the effect of various aggregating agents 
including five kinds of cations and three kinds of anions on the SERS detection was also 
investigated. Interestingly, the best aggregating agent to achieve maximum 
enhancement for the SERS detection depends not only on the analyte but also on the 
nanoparticles structure. 

COLL 39 

Selective Detection of Drugs using Molecular Imprinted Polymer Nanosensors 

Anna A. Volkert, anna-volkert@uiowa.edu, Amanda J. Haes.Department of Chemistry, 
University of Iowa, Iowa City, IA 52242, United States 

Molecular imprinted polymer (MIP) integration into biosensors is becoming increasingly 
popular because of their improved stability and detection selectivity vs. traditional 
recognition agents. Herein, methacrylate-based aspirin, acetaminophen, and caffeine 
MIPs are synthesized, characterized, and used to selectively detect and quantify the 
amount of the drugs present in complex solution mixtures. First, polymerization occurs 
in the presence of aspirin, acetaminophen, or caffeine. Next, these template molecules 
are extracted thereby leaving a polymer with specific drug imprint sites. The imprinted 
MIPs are characterized using dynamic light scattering (DLS) and normal Raman 
spectroscopy. Finally, the materials are used for quantitative and selective drug 
detection using normal and surface-enhanced Raman scattering. We will demonstrate 
that integrating nanomaterials into the MIP sensor allows for the direct and selective 
detection of drug molecules in complex sample matrices. Better methods for detecting 
drugs in complex sample matrices is critical in achieving quantitative nanosensors. 

COLL 40 

Engineering silver and gold nanowires and nanoparticles for sensing applications 

Martin Moskovits, moskovits@chem.ucsb.edu, Seungjoon Lee, Namhoon 
Kim.Chemistry and Biochemistry, University of California Santa Barbara, Santa 
Barbara, CA 93106-9510, United States 

Arrays of periodically disposed silver and gold nanowires grown in porous alumina can 
be post-fabricated to produce plasmonic devices that show intense SERS activity and 
useful properties such as plasmonic transport that allows one to excite one end of a 
nanowire bundle to detect molecules by SERS that reside at the opposite end, many 
microns away. Likewise, one can use a properly engineered DNA apatmer to link 
nanoparticles together and detect the SERS signal of multiple reporter molecules 
adsorbed on the nanoparticles resulting from the interaction of the aptamer with one or 



two target molecules thereby amplifying the SERS effect and allowing a single analyte 
event to be routinely detected. The talk will illustrate such applications of gold and silver 
nanostructures. 

COLL 41 

Super-resolution imaging of plasmonic nanostructures 

Katherine A Willets, kwillets@cm.utexas.edu, Maggie Weber, Eric Titus.Department of 
Chemistry and Biochemistry, University of Texas at Austin, Austin, TX 78751, United 
States 

Plasmonic nanostructures have attracted significant interest due to their ability to 
support surface-enhanced spectroscopies, such as surface-enhanced Raman scattering 
(SERS) and surface-enhanced fluorescence (SEF). This talk will describe recent efforts 
using super-resolution imaging to characterize interactions between plasmonic 
nanostructures and molecules on their surface undergoing either SERS or SEF. 

COLL 42 

Evaluation of SERS Au nanoparticles for triplexed labeling of B cell leukemia and 
lymphoma, and flow cytometry 

Christina M. MacLaughlin1, cmaclaug@chem.utoronto.ca, Nisa Mullaithilaga2, Edward 
P.K. Parker2, Guisheng Yang2, Shell Y. Ip1, Chen Wang2, Gilbert C. Walker1.Â  (1) 
Deparment of Chemistry, University of Toronto, Toronto, Ontario M5S 3H6, CanadaÂ  
(2) Department of Pathology and Laboratory Medicine, University of Toronto, Toronto, 
Ontario M5G 1X5, Canada 

Surface-enhanced Raman scattering (SERS) gold nanoparticles are developed and 
characterized for imaging of cell surface receptors of interest in B cell leukemia and 
lymphoma. SERS nanoparticles are prepared by adsorbing various Raman-active dyes 
onto the surface of Au nanoparticles, and subsequently coating the particles with 5 kDa 
polyethylene glycol (PEG). The probes are targeted to cell surface proteins of interest 
using both research grade monoclonal antibodies and the therapeutic antibody, 
rituximab. Competitive binding experiments are used to investigate the specificity of the 
interaction between SERS particles and their surface protein targets. SERS labeling is 
compatible with fluorescence flow cytometry protocols and detection. Additionally, the 
particles' SERS is collected directly from labeled LY10 lymphoma cells using a flow 
cytometer. Three different SERS reporter probes are targeted to cell surface proteins 
simultaneously and triplexed SERS labeling is resolved using Raman maps derived 
from the results of least-squares fitting. 

COLL 43 



Halloysite nanotubes with controlled release of chemical agents for smart 
composites 

Yuri Lvov, ylvov@latech.edu.Department of Chemistry, Louisiana Tech University, 
Ruston, LA 71272, United States 

Natural halloysite clay nanotubes are described as 50 nm diameter and 1000 nm length 
containers for controlled release of chemical agents. Loading these tubes' 15-nm 
diameter lumens with chemicals, including bioactive molecules (self-healing, flame-
retardant, anticorrosion, antimicrobial agents, proteins, DNA, and drugs) and doping 
them into polymers allows for a sustained release providing these nanocomposites with 
new smart properties. Typically, addition of 5-10 % halloysite synergistically increases 
materials strength on 30-70 %, 2-3 times enhances composite adhesivity and adds new 
functions due to triggered release of needed chemicals in defect points. The release 
may be enhanced by application of mechanical strength or by pH and temperature. 
Halloysite is biocompatible “green” material and its simple processing combined with 
low cost make it a perspective additive for polymeric composites. 

COLL 44 

Stimuli-Responsive Colloidal Nanoparticles and Nanotubes 

Marek W. Urban, marek.urban@usm.edu.School of Polymers and High Performance 
Materials, The University of Southern Mississippi, Hattiesburg, MS 39406, United States 

Materials with the ability of dimensional changes on demand exhibit many potential 
applications ranging from adaptive composites that mimic biological functions under 
extreme conditions to microfluidics or neural implants to stimulate components of the 
nervous systems. This seminar will outline our recent advances in the synthesis and 
assembly of colloidal nanoparticles and films that exhibit tunable color and shape 
responses. Ranging from nanoparticles consisting of variable shapes and on-demand 
color changes to tunable nanowires and cilia-like morphologies, this presentation will 
focus on physico-chemical aspects of colloidal dispersions as well as the development 
of thermally responsive biocompatible nanotubes engineered by in-situ assembly of 
biologically active phospholipids (PLs). 

COLL 45 

Cornell dots: Fluorescent core-shell silica nanoparticles to interrogate biological 
environments 

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

Fluorescent nanoparticles offer enormous scientific and technological promise as labels, 
photon sources and sensors for a range of biotechnological and nanomedicine 



applications. Many applications require size-controlled, monodisperse, bright 
nanoparticles that can be specifically conjugated to biological macromolecules, targeted 
to specific environments, and remotely visualized. As an alternative to single molecule 
fluorophores and quantum dots, a novel class of multifunctional fluorescent silica-based 
core-shell nanoparticles referred to as “Cornell dots” or simply “C dots” hold particular 
promise since they are more biocompatible and are water soluble, and silica chemistry 
is well established and extremely versatile. The presentation will report on results on C 
dot synthesis, characterization and optical properties. Various life sciences applications 
are demonstrated with specific developments towards smaller than 10 nm sized 
PEGylated labels for nanomedicine, including the first dual-modality (optical/PET) hybrid 
nanoparticle of its class and properties receiving investigational new drug (IND) FDA 
approval for first in-human trials in the US. 

COLL 46 

Fabrication and Functionalization of Patchy Particles 

Yu Wang, yuwang@nyu.edu.Department of chemistry, New York University, New York, 
New York 10003, United States 

Patchy particles with well defined symmetries and specific interactions are desirable to 
construct micro-structured materials. We develop a method to fabricate particles with 
various numbers of patches, n=1–7 and higher, that adopt spherical, linear, triangular, 
tetrahedral, trigonal dipyramidal, octahedral or pentagonal dipyramidal symmetries. The 
patchy particles are formed from clusters using a two-stage swelling method followed by 
polymerization. Patches can also be site-specifically coated with oligonucleotides, 
enabling a reversible and controllable attraction between patches on different particles. 

 
 

COLL 47 

Colloids with valence: specific directional bonding 

Yufeng Wang1, yw484@nyu.edu, Yu Wang1, Dana R Breed5, Vinothan N 
Manoharan3,4, Lang Feng2, Andrew D Hollingsworth2, Marcus Weck1, David J Pine2.Â  
(1) Molecular Design Institute and Department of Chemistry, New York University, New 
York, New York 10012, United StatesÂ  (2) Center for Soft Matter Research and 
Department of Physics, New York University, New York, New York 10012, United 
StatesÂ  (3) Department of Physics, Harvard University, Cambridge, Massachusetts 
02138, United StatesÂ  (4) School of Engineering and Applied Sciences, Harvard 
University, Cambridge, Massachusetts 02138, United StatesÂ  (5) The Dow Chemical 
Company, Freeport, Texas 77541, United States 



Unlike atoms and molecules, the number and symmetry of structures that self assemble 
from colloidal particles is restricted by the absence of directional specific bonds. 
Colloidal structures like the diamond lattice have been difficult or impossible to make. 
Here we demonstrate a general method for creating the colloidal analogs of atoms with 
valence: colloidal particles with chemically functionalized patches that can form highly 
specific directional bonds. The valences of these new “colloidal atoms” possess all the 
common symmetries characteristic of hybridized atomic orbitals, including sp, sp2, sp3 
and more. The chemical functionality of the patches is programmable and specific using 
DNA with single-stranded sticky ends, thereby creating colloidal atoms from which 
different kinds of “colloidal molecules” can be assembled. This methodology opens up 
the possibility of building new low-coordinated open structures, both amorphous and 
crystalline, which is emerging as a key design feature for assembling colloids with 
photonic band gaps. 

COLL 48 

Principles and engineering of steerable, programmed and cargo-carrying self-
propelling particles 

Rachita Sharma1, Suk Tai Chang2, Orlin D Velev1, odvelev@ncsu.edu.Â  (1) 
Department of Chemical and Biomolecular Engineering, North Carolina State University, 
Raleigh, NC 27695, United StatesÂ  (2) School of Chemical Engineering and Materials 
Science, Chung-Ang University, Seoul, Republic of Korea 

The fabrication of complex self-propelling particles is an emerging and fascinating topic, 
yet few concrete applications exist to date. We will report the progress in addressing the 
challenges of designing complex programmable particles, and identifying areas of their 
practical use. First we will discuss how external uniform AC electrical fields can be used 
as means of providing energy, propelling and controlling the motion of miniature 
semiconductor diodes. These particles move by particle-localized AC and DC 
electrohydrodynamic propulsion and could be steered by controlling the symmetry of the 
AC field. In the second part of the talk we will present a new class of gel-based self-
propelling particles moving by Marangoni effect in a programmed oscillatory mode. 
These gel boats floating on the water surface are driven by a hydrogel reservoir 
releasing an ethanol flux that is periodically disrupted by the bulk flows around the 
particles. The pulse interval and the distance propelled in a pulse by these gel floaters 
were interpreted based on the rate of ethanol mass-transfer. This allowed us to design 
particles that "dance" in repeatable periodic sequences of forward/backward, or rotary 
steps, and travel in complex pre-programmed trajectories on the liquid surface. We will 
also present new types of self-propelling floaters driven by surfactant release that have 
been functionalized for applications such as mixers and cargo microcarriers, and may 
serve as a new platform for environmental remediation. 



 

 
 

COLL 49 

Equilibrium and Non-Equilibrium Self-Assembly of Nanostructured Materials 

Bartosz A. Grzybowski, grzybor@northwestern.edu.Chemistry and Chemical & 
Biological Engineering Department, Northwestern University, Evanston, IL 60208, 
United States 

Self-assembly of nanoscopic components into higher-order architectures defines the 
forefront of fundamental nanoscience research and is important for the development of 
new materials with potential applications in optoelectronics, high-density data storage, 
catalysis, and biological sensing. In my talk, I will discuss how the peculiar nature of 
electrostatic, photoinduced dipole-dipole, and other forces acting between nanoscale 
components can mediate their self-assembly into various superstructures and materials. 
I will show how the interactions underlying self-assembly can be studied and 
understood in quantitative detail, and how they can be tailored to synthesize unusual 
higher-order architectures: ionic-like crystals of nanoparticles, crystalline aggregates 
that can be assembled and disassembled by light, as well as extremely durable and yet 
very flexible metallic structures. Since these materials display a range of novel optical, 
electrical and mechanical properties, the discussion of experimental results will be 
accompanied by theoretical analyses combining elements of thermodynamics, statistical 
mechanics, electrodynamics and elasticity. 

COLL 50 

Laser Triggered Release from Gold Nanorods: Using the Protein Corona 

Kimberly Hamad-Schifferli, schiffer@mit.edu.Department of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

Gold nanorods have been of great interest for therapeutic and biological applications 
due to their unique optical properties. In particular, the ability to heat them externally 
using laser excitation at the surface plasmon resonance (SPR), which can heat the 



particles to high temperatures and trigger the release of a payload on the nanorod 
surface. However, one obstacle for practical use of nanorods both in vitro and in vivo is 
that as soon as they are introduced to a biological fluid, proteins and other species that 
are present at high concentration adsorb to their surfaces, forming a “protein corona.” 
This corona is impossible to prevent and can block the surface of the nanorod, as well 
as cause undesired side effects in targeting and biodistribution. Despite this, the protein 
corona has desirable and unique properties that can enhance triggered release. We 
form protein coronas around gold nanorods such that they can hold large quantities of 
small molecules and DNA. The nanorods can be excited by laser irradiation on their 
SPR, which heats the nanorods and disrupts the corona, releasing the drug or DNA. We 
are using triggered release of species from the gold nanorods for a variety of biological 
and therapeutic applications. 

COLL 51 

Photoresponsive Vesicles and Vesicle Gels 

Hyuntaek Oh1, ohtech76@umd.edu, Vishal Javvaji1, Nicholas A. Yaraghi1, Reza 
Hashemipour1, Dganit Danino2, Srinivasa R. Raghavan1.Â  (1) Department of Chemical 
and Biomolecular Engineering, University of Maryland, College Park, Maryland 20742, 
United StatesÂ  (2) Department of Biotechnology and Food Engineering, Technion – 
Israel Institute of Technology, Haifa, Israel 

Vesicles are nanoscale containers formed by the self-assembly of lipids or surfactants. 
They find application in the controlled release of cosmetics, drugs, and proteins. 
Researchers have been looking to create vesicles that can be disrupted by external 
stimuli such as light since this would allow for triggered release of encapsulated 
molecules with accurate spatial resolution. However, currently, most photoresponsive 
vesicle systems rely on the chemical synthesis of light-responsive amphiphilic 
molecules. In this study, we report a class of photoresponsive vesicles composed of 
inexpensive and commercially available cationic and anionic surfactants. These 
surfactants form vesicles due to ionic interactions between the cationic and anionic 
headgroups. When irradiated by UV light, the cationic surfactant loses its charge and, in 
turn, the vesicles are converted into micelles due to the loss of ionic interactions. In 
addition, a mixture of these photoresponsive vesicles and a hydrophobically modified 
polymer gives a photoresponsive vesicle-gel that can undergo a gel-to-sol transition 
with UV light. The vesicle gel is formed by physical coupling of hydrophobes on the 
polymer chains to the bilayers of vesicles. Upon UV irradiation, a vesicle-to-micelle 
transition occurs, thus eliminating the physical coupling and causing a gel-to-sol 
transition. 

COLL 52 

Differences in adsorption between enantiopure and racemic mixtures of chiral 
compounds on platinum surfaces 



Alexander D. Gordon1, Stavros Karakalos1, Timothy J. Lawton2, Felicia R. Lucci2, 
Charles Sykes2, Francisco Zaera1, zaera@ucr.edu.Â  (1) Department of Chemistry, 
University of California, Riverside, Riverside, California 92521, United StatesÂ  (2) 
Department of Chemistry, Tufts University, Medford, MA 02155, United States 

Two examples are provided of chiral molecules where the racemic mixtures display 
different adsorption behavior than the individual enantiopure components. In the first, in-
situ infrared absorption spectroscopy data are provided to show the differences in 1-(1-
naphthyl)ethylamine (NEA) uptake onto platinum polycrystalline surfaces from solution. 
When using racemic mixtures, new features are observed, presumably associated with 
the 1:1 H-bonded pairing of (S)-NEA with (R)-NEA. The second example refers to the 
uptake of propylene oxide (PO) on Pt(111) under vacuum. In this case, the lower 
saturation coverages seen with the racemic mixtures, as measured by TPD and 
molecular beam experiments, have been explained by kinetic effects. No long-range 
order or evidence of individual molecular pairing was seen by STM. 

COLL 53 

Enantioselective adsorption and separations on chiral Au nanoparticles 

Nisha Shukla2, nisha@andrew.cmu.edu, Andrew J Gellman1, Melissa Bartel1, 
Nathaniel Ondeck1, Nathan Khosla1, Steven Klara1.Â  (1) Department of Chemical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United StatesÂ  (2) 
Institute for Complex Engineered Systems, Carnegie Mellon University, Pittsbrugh, PA 
15213, United States 

Nanoparticles can be prepared with chiral ligands that render their surfaces chiral. Au 
nanoparticles modified with D- or L-cysteine have been shown to adsorb chiral 
molecules such as propylene oxide, 2-butanol and glucose enantioselectively. 
Enantioselective adsorption can be detected by monitoring the rotation of polarized light 
during addition of a racemic mixture of chiral molecules to a solution of enantiomerically 
pure Au nanoparticles. Rotation of light during addition of the racemic mixture to 
solution occurs as a result of two phemonena: enantioselective adsorption of one 
enantiomer in preference over the other, and modification of its specific optical rotation 
by adsorption onto the Au nanoparticle. A simple model allows quantitative 
determination of the ratio of the enantiospecific adsorption equilibrium constants (KD/KL) 
and hence, determination of the enantiospecific difference in the free energies of 
adsorption (ΔΔGDL) of the two enantiomers. 

COLL 54 

Contributions of dispersion forces to adsorption of chiral molecules on Cu 
surfaces 

Daniel S Wei, dsawei@gmail.com, David S Sholl.School of Chemical & Biomolecular 
Engineering, Georgia Institute of Technology, Atlanta, GA 30332, United States 



Bulk crystal planes with nonzero and unequal Miller indices are intrinsically chiral and 
possess enantiospecific properties. Using PBE-D2 dispersion corrected density 
functional theory (DFT), we examined the structures of dense glycine and alanine on 
the Cu(3,1,17)S. The results suggest that racemic alanine can coexist with the S,S-
alanine domain but not the R,R-alanine domain. Our calculations give insight into the 
contribution of dispersion forces in these adlayers, which had previously been examined 
using Non-hybrid DFT functional (Rankin, R.; Sholl, D. Langmuir 2006 , 22, 8096). 

Non-hybrid DFT functionals cannot account for dispersion interactions in the adsorption 
of R-3Methycyclohexanone (R-3MCHO) on Cu surfaces. We examined this system with 
vdW-DF and D2 dispersion corrected DFT methods, finding that these methods 
overbind the R-3MCHO on Cu surfaces. The results from R-3MCHO on Cu(100) and 
Cu(110) indicated a possible Cu(110) reconstruction. The implications on interpreting 
desorption studies of 3MCHO from vicinal Cu surfaces will be discussed. 

COLL 55 

Enantioselective separation on a naturally chiral surface: Aspartic Acid on 
Cu(3,1,17)R&S 

Andrew J Gellman, gellman@cmu.edu, Yongju Yun.Department of Chemical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United States 

Exposure of the Cu(3,1,17)R&S surfaces to gas phase mixtures of D- and L-aspartic acid 
lead to enantioselective adsorption and separations. A method has been developed 
using *L-aspartic acid-1,4-13C2 and D-aspartic acid that allows mass spectrometry to 
distinguish *L- from D-aspartic acid. Both are exposed to the Cu(3,1,17)R surface 
simultaneously to allow the adsorbed phase composition to come into equilibrium with 
the gas phase composition at T = 460 K. The relative coverages of *L- and D- are then 
determined by heating the surface to decompose the adsorbed species and determine 
their relative coverages by detection of 13CO2 and CO2 desorption, respectively. 
Quantitative determination of the relative coverages yields values of the ratios of the 
equilibrium constants, which show true diastereomerism, KR

D/KR
*L = KS

*L/KS
D = 2.2 ± 

0.2. From these, the enantiospecific free energy difference for adsorption is determined 
to be ΔΔG = 3.0 ± 0.3 kJ/mole. 

COLL 56 

Left Foot, Right Foot, Other Foot: Glycine and Alanine on Cu{311} 

David C Madden, Israel Temprano, Marco Sacchi, Stephen M Driver, David A King, 
Stephen J Jenkins, sjj24@cam.ac.uk.Department of Chemistry, University of 
Cambridge, Cambridge, Cambridgeshire CB2 1EW, United Kingdom 

The adsorption of amino acids on copper single-crystals has become a classic 
prototype for studies of surface chirality. In particular, the Cu{110} surface has attracted 



much attention, with molecules such as glycine and alanine adopting a common three-
point binding geometry that defines a distinct chiral "footprint". The interplay between 
this chiral footprint and the intrinsic chirality of the adsorbate dictates aspects of the 
local interaction between adjacent molecules, and this in turn influences the long-range 
chirality of the hydrogen-bonded networks formed when large numbers of these 
molecules coalesce. In this LEED, RAIRS, STM and DFT study, however, we have 
turned to the Cu{311} surface, which bears substantial structural similarity to the 
Cu{110} surface but which binds glycine and alanine in achiral three-point footprints. By 
"switching off" this key element of chirality, we gain insight into those aspects of long-
range chirality that are directly driven by intrinsic molecular 
chirality rather than via footprint chirality. 

COLL 57 

The Effect of Tuning the Surface Chemistry and Intermolecular Amino Acid 
Interaction upon the Enantiospecificity on Chiral Cu Surfaces 

Jeong Woo Han, jwhan@uos.ac.kr.Department of Chemical Engineering, University of 
Seoul, Seoul, Republic of Korea 

Intrinsically chiral structures, which can potentially be used to separate chiral molecules, 
can be defined by highly stepped metal surfaces. The decoration of steps on these 
surfaces with additional metal atoms may be one potential avenue for improving the 
enantiospecificity of those surfaces. The enantiospecific chemisorption of amino acids 
adsorbed on the pure, Pd-decorated, and Au-decorated Cu(643)S surfaces has been 
examined using density functional theory (DFT) calculations. Negligible differences in 
adsorption energies for the most stable minima of enantiomers of alanine were found on 
these surfaces. There are, however, measureable energy differences between the two 
enantiomers of both serine and cysteine in their most stable states for all surfaces. For 
serine and cysteine in μ3 adsorption geometries, no enhancement in enantiospecificity 
upon the step decoration is observed, while for those in μ4 geometries, it is improved, 
especially on Au-decorated surface. In order to probe the contribution of intermolecular 
hydrogen bonding and adsorption site interaction to enantiospecificity, this study has 
also been extended to examine the enantiospecific adsorption of amino acids on step 
decorated Cu(421)S which has a smaller unit cell than Cu(643)S. These results provide 
initial information on the effect of tuning the surface chemistry and intermolecular amino 
acid interaction upon the enantiospecificity on intrinsically chiral surfaces. 

COLL 58 

Triple combination nanochemoprevention of breast cancer 

Prakash R Rai, Prakash_Rai@uml.edu.Department of Chemical Engineering, 
University of Massachusetts, Lowell, MA 01854, United StatesDepartment of Surgery, 
Center for Engineering in Medicine, Massachusetts General Hospital, Harvard Medical 
School, Boston, MA 02114, United States 



A total of 1,638,910 new cancer cases and 577,190 deaths from cancer are projected to 
occur in the US in 2012. There is a dire need for better strategies to prevent, diagnose 
and treat cancer. Widespread use of chemopreventive agents has been hampered by 
real and perceived toxicities associated with these agents, which are small molecules 
with poor bioavailability. Nanochemoprevention, which involves use of nanoparticles for 
delivery of chemopreventive agents has shown some promise for cancer prevention by 
improving the bioavailability and reducing toxicity associated with these drugs. We have 
developed theranostic nanometer-sized constructs that encapsulate multiple promising 
chemopreventive agents together with a fluorescent dye for tracking drug delivery. 
Nanoconstruct synthesis and drug encapsulation were characterized, and the effects of 
chemopreventive nanoconstructs in both monolayer and 3D cell cultures were studied. 
Preclinical results of a triple combination nanochemoprevention approach against 
breast cancer will be presented. 

COLL 59 

Targeted Nanoparticles for Non-Invasive Hyperthermia in Malignant Disease 

Steven A Curley, scurley@mdanderson.org.Department of Surgical Oncology, 
University of Texas M. D. Anderson Cancer Center, Houston, Texas 77030, United 
States 

Non-invasive radiofrequency (RF) field-induced targeted hyperthermia using 
nanoparticles is a departure from conventional cancer treatment modalities. We have 
delivered metallic nanoparticles targeted to cancer cells, then exposed the cells to a 
non-invasive radiofrequency field to produce thermal injury. Both carbon (C60) and gold 
nanoparticles are not toxic in vitro or in vivo to cancer cells or normal tissues. However, 
cancer cells treated with these nanoparticles and then exposed to a non-invasive 
radiofrequency field demonstrate thermal dose-related cytotoxicity. Radiofrequency field 
treatment of animals treated with the targeted nanoparticles leads to significant 
antitumor response in hepatocellular cancer models. More complex conjugations are 
now being performed to include very low doses of cytotoxic agents onto the surface of 
nanoparticles. As a result of the cancer cell specific targeting, there is no 
chemotherapy-related toxicity, but there is significant synergistic enhancement of 
cytotoxicity combining RF-induced hyperthermia with the cytotoxic agent.  

COLL 60 

Beyond chemotherapy: Building a cancer nanotherapeutic exploiting tumor 
immunopathophysiology 

Susan N Thomas, susan.thomas@gatech.edu.Department of Mechanical Engineering, 
Georgia Institute of Technology, Atlanta, GA 30332, United States 

Immunotherapy-based approaches for cancer treatment are of increasing clinical 
interest. Principles of drug delivery and the emerging field of material design for 



immunomodulation might hold significant promise for novel approaches in cancer 
immunotherapy since biomaterials engineering strategies enable controlled delivery of 
immune modulatory drugs and molecules to tissues and cells of the immune system. 
One tissue of significant clinical interest in a cancer setting is the tumor-draining lymph 
node (TDLN), which participates in cancer progression by enabling both metastatic 
dissemination as well as tumor-induced immune escape. Hence, the TDLN represents a 
novel target for drug delivery schemes for cancer immunotherapy. The influence of the 
immune microenvironment within TDLNs on tumor progression as well opportunities for 
material design to reverse this effect will be discussed. In particular, our efforts in 
targeted delivery of adjuvants to the TDLN via nanoparticles, which promotes antitumor 
immunity and hinders tumor growth, will be described. 

COLL 61 

Spatially defined microenvironments to study tumor angiogensis 

Sharon Gerecht, gerecht@jhu.edu.Chemical and Biomolecular Engineering, Johns 
Hopkins University, Baltimore, Maryland 21218, United States 

The extracellular matrix (ECM) of the tumor niche provides support to residing and 
migrating vascular cells and presents instructive cues that influence angiogenesis. To 
recapitulate aspects of the tumor microenvironment, we developed both 2-D and 3-D in 
vitro systems of spatially defined ECM proteins to study vascular and cancer cell.  

We first developed fibronectin-patterned surfaces to guide the ordered adhesion, 
growth, elongation and subsequent tubular formation of endothelial progenitor cells 
(EPCs). Second, we investigated the role of topography and elasticity on EC behavior 
using micropillared substrates. We demonstrated a combinatorial effect of topography 
and stiffness on EC behavior. Next, utilizing carbodiimide chemistry we were able to 
control the discrete molecular presentation of hyaluronic acid (HA). This allowed us to 
investigate the interactions of both breast and colon cancer cells with HA via high-
resolution analysis of adhesion, growth and migration on HA regions. Finally, we 
developed spatially defined 2-D and 3-D ECM-based microenvironments to analyze the 
multifaceted interactions between endothelial and cancer cells in vitro. 

These novel, miniaturized systems allow the analysis of the spatial and temporal 
mechanisms regulating tumor angiogenesis, and can be applied to mimic other settings 
to address the complex interactions taking place between various cell types in their 
particular environment. 

COLL 62 

TAL effector hybrids for modular DNA-binding and transcription control 

Leonidas Bleris, bleris@utdallas.edu.Department of Bioengineering, The University of 
Texas at Dallas, Richardson, TX 75080, United States 



The ability to conditionally rewire pathways in human cells holds great therapeutic 
potential. Transcription activator-like effectors (TALEs) are a class of naturally occurring 
specific DNA binding proteins that can be used to introduce targeted genome 
modifications or control gene expression. We will present TALE hybrids engineered to 
respond to endogenous signals and capable of controlling transgenes by applying a 
predetermined and tunable action at the single-cell level. 

COLL 63 

New Materials to Investigate Abberent Mechanics in Living Cells 

Khalid Salaita, k.salaita@emory.edu.Department of Chemistry, Emory University, 
Atlanta, Georgia 30322, United States 

This talk will describe the development of novel force-sensing surfaces (both colloidal 
and planar surfaces) to image integrin tension in living cells. The goal of this work is to 
better under chemo-mechanical couplings at the cell surface by developing new 
methods to visualize force transmission in real time. All force gauges require two parts: 
a spring with a known force constant, and an accurate ruler. Likewise, our sensor 
surfaces takes advantage of fluorescence resonance energy transfer (FRET) between 
fluorophores as a molecular "ruler" and flexible polymer chain as a reversible entropic 
spring with a known spring constant. The sensor allows one to quantify molecular forces 
with high spatial and temporal resolution for a wide range of membrane receptors and 
cell types. I will demonstrate the first molecular tension maps of integrin tension (which 
range from ~1-10 pN) during the process of focal adhesion formation. 

COLL 64 

Cellular Fate in 3D Elastin-Like Scaffolds is Regulated by Stiffness and Integrin 
Ligand Density 

Sarah C Heilshorn, heilshorn@stanford.edu.Department of Materials Science and 
Engineering, Stanford University, Stanford, California 94305, United States 

We utilize recombinant protein engineering to synthesize block-copeptide scaffolds that 
combine elements derived from the native proteins elastin and fibronectin. Dictating the 
specific amino acid sequences of these designed block-copeptides affords us 
molecular-level control to independently tailor the biochemical and biomechanical 
properties of the resulting scaffolds. Given their cytocompatibility and bioactivity, these 
materials are ideal candidates for use as cell and drug delivery vehicles, implant 
coatings, and biomaterials for reconstructive surgeries. Through a series of systematic, 
three-dimensional (3D) culture studies, we are beginning to elucidate the optimal 
biochemical and biomechanical scaffold properties for two different tissue systems: (1) 
embryonic stem cell-derived cardiomyocytes and (2) multi-cellular neural tissue. These 
experiments demonstrate that both scaffold stiffness and integrin ligand density are 
critical material properties that can instruct cellular behavior in 3D cultures. 



COLL 65 

Intelligent responsive nano-cellulose whisker Nanogel for Interventional Therapy 
of Hepatocellular Carcinoma 

Xiuli Chen, yang_sunny@yahoo.com, Guang Yang, 
yang_sunny@yahoo.com.Departement of Life Science and Technology, Huazhong 
University of Science and Technolgy, WUHAN, HUBEI 430074, China 

This paper reports the synthesis and characterization of intelligent responsive materials 
containing thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) polymer chains, 
prepared by polymerizing the grafted side chain from the BC whiskers by ATRP. The 
morphology of the materials was characterized by transmission electron microscope 
(TEM). Dynamic light scattering (DSC) was used to study the thermoresponsive 
properties of the grafter materials. 

The polymer nanogel play the role of the interventional therapy for hepatocellular 
carcinoma, the in vitro cytotoxicity evaluation—CCK-8 and flow cytometric analysis were 
shown in paper. 

 

 
 
 
TEM images shows a) the unmodified BC whisker with temperature of 25℃, b) the BC 
whisker-g-PNIPAM with the temperature of 25℃, c, d) the BC whisker-g-PNIPAM with 
the temperature of 60℃. 

COLL 66 

Biomimetic Self-templating Assembly and Applications 

Seung-Wuk Lee, leesw@berkeley.edu.Department of Bioengineering, University of 
California, Berkeley, Berkeley, CA 94720, United States 

In nature, helical macromolecules such as collagen, chitin and cellulose are critical to 
the morphogenesis and functionality of various hierarchically structured materials. 
During morphogenesis, these chiral macromolecules are secreted and undergo self-
templating assembly, a process whereby multiple kinetic factors influence the assembly 



of the incoming building blocks to produce non-equilibrium structures. A single 
macromolecule can form diverse functional structures when self-templated under 
different conditions. Collagen type I, for instance, forms transparent corneal tissues from 
orthogonally aligned nematic fibres, distinctively coloured skin tissues from cholesteric 
phase fibre bundles, and mineralized tissues from hierarchically organized fibres. 
Nature's self-templated materials surpass the functional and structural complexity 
achievable by current top-down and bottom-up fabrication methods. However, self-
templating has not been thoroughly explored for engineering synthetic materials. 

In my presentation, I will demonstrate a facile biomimetic process to create functional 
nanomaterials utilizing chiral colloidal particles (M13 phage). A single-step process 
produces long-range-ordered, supramolecular films showing multiple levels of 
hierarchical organization and helical twist. Using the self-templating materials assembly 
processes, we have created various biomimetic supramolecular structures. The 
resulting materials show distinctive optical and photonic properties, functioning as chiral 
reflector/filters and structural colour matrices. Through the genetic engineering of the 
M13 phages, I will also show how resulting materials can be utilized as functional 
nanomaterials for biomedical, biosensor and bioenergy applications. 

COLL 67 

Synergy between hydroxyapatite and poly(ethylene glycol) directs the physical 
and cell-instructive properties of a biodegradable amphiphilic tissue scaffold 

Jie Song, jie.song@umassmed.edu, Artem Kutikov.Department of Orthopedics and 
Department of Cell and Developmental Biology, University of Massachusetts Medical 
School, Worcester, MA 01655, United States 

Resorbable electrospun polymer/hydroxyapatite (HA) composite materials combine 
scaffold biodegradability with osteoconductivity and are attractive for skeletal tissue 
engineering applications. However, most biodegradable synthetic polymers are 
hydrophobic and do not blend well with the hydrophilic HA with adequate interfacial 
adhesion, resulting in poor handling properties and inconsistent biological performance 
of the composites. We report the development of biodegradable electrospun composite 
scaffolds composed of an amphiphilic poly(D,L-lactic acid)-poly(ethylene glycol)-
poly(D,L-lactic acid) triblock copolymer (PELA) and varying contents of HA. The 
synergistic impacts of the hydrophilic poly(ethylene glycol) block and the 
osteoconductive HA on the scaffolds' structural and mechanical properties and in vitro 
interactions with rat bone marrow stromal cells (rMSCs) are studied. Favorable 
interactions between poly(ethylene glycol) and HA result in a stable PELA-HA mixture 
that is readily electrospun into composite scaffolds with uniform fiber dimensions. The 
resulting scaffolds are mechanically reinforced by HA, and exhibit superhydrophilicity 
(~0º water contact angle) and striking storage modulus enhancements upon hydration, 
likely driven by hydration-induced crystallization of the PEG blocks. These properties 
are in stark contrast to the inhomogeneity, inferior mechanical properties and aqueous 
instability exhibited by electrospun poly(lactic acid)-HA composites. The addition of HA 



also improves the attachment of rMSCs to PELA and promotes spontaneous early 
osteochondral lineage commitment while suppressing the expression of adipogenic 
markers. Our findings underscore the importance of strategic integration of structural 
building blocks in the design of composite biomaterials that achieve enhanced 
performance for tissue-engineering applications. 

COLL 68 

Phage-enabled cell-targeting, drug and gene delivery and tissue engineering 

Chuanbin Mao, cbmao@ou.edu.Department of Chemistry & Biochemistry, University of 
Oklahoma, Norman, OK 73019, United States 

Filamentous phage is a biological nanofiber, a bacteria-specific virus, and also a 
supramacromolecule. Its surface is made of coat proteins that can be genetically 
modified to display foreign peptides. This talk will cover three major topics on the use of 
phage for developing nanomedicines and biomaterials. I will first introduce the 
identification of peptides that can selectively target cancer cells, stem cells or tumor 
tissue from a phage-displayed random peptide library. I will then describe the use of the 
targeting peptides to develop novel nanoparticles for targeted drug delivery to cancer 
cells as well as enhanced gene delivery to stem cells. Finally, I will highlight the use of 
genetically engineered phage for directing stem cell differentiation and tissue 
regeneration. 

COLL 69 

Mimic a blood vessel using stress-induced rolling membrane 

Wei Zhang, zhangw@nanoctr.cn.National Center for NanoScience and Technology, 
Beijing, Beijing 100190, China 

We describe a new strategy to fabricate tubular structures with multiple types of cells as 
different layers of the tubular walls. We pattern different types of cells on a 2D stress-
induced rolling membrane (SIRM). When we release the SIRM to roll up into a 3D tube, 
different kinds of cells will be delivered into different places. These 3D tubes could 
mimic blood vessels in which different types of cells constitute different layers of the 
tubular wall. We control the cell orientation inside the tube, which can mimic their 
natural arrangement of the medium-sized vein in vivo. We utilize soft lithography 
technology to fabricate pillars on the surface of SIRM, which can ensure most cells in 
the tubes live for at least three days. Our method is simple and easy to access. We 
believe that this method will be generally useful for 3D cell culturing and tissue 
engineering of blood vessel. 

COLL 70 



Tailored matrices to explore the influence of mechanics and adhesion ligand 
composition on pro-angiogenic signaling from mesenchymal stem cells 

Kristopher A Kilian, kakilian@illinois.edu.Department of Materials Science and 
Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United 
States 

Mesenchymal stem cells (MSCs) are an exciting cell-based therapy for treating 
cardiovascular disease through secretion of trophic factors that promote angiogenesis. 
Significant strides have been made in deciphering the molecules in the MSC secretome 
involved in repair; however, the physical and biochemical cues in the MSC 
microenvironment that direct paracrine signaling are not understood. Here we present 
our work exploring the properties of the extracellular matrix that direct pro-angiogenic 
signaling from adherent MSCs. Polyacrylamide hydrogels were fabricated across a 
range of physiological relevant mechanical properties and functionalized with 
fibronectin, collagen and laminin proteins. Conditioned media from these cultures was 
applied to 3D matrigel matrices seeded with human microvascular endothelial cells 
(HMVECs). The degree of tubulogenesis was quantitated across these different 
combinations of ligand and stiffness. We find that the media from MSCs cultured on 
fibronectin conjugated 40 kPa gels promotes the highest HMVEC tubulogenesis, 
comparable to an endothelial growth media cocktail. In contrast, softer gels and rigid 
glass substrates show negligible tubulogenesis. This demonstrates the potential for an 
optimum microenvironment of matrix mechanics and composition to regulate pro-
angiogenic signaling from MSCs. Understanding the materials cues that direct MSC 
secretion—and implementing these criteria into the design of biomaterials—will be 
critical for the development of efficacious cell-based therapeutic strategies. 

COLL 71 

Branched Amphipathic Peptides that Self-Assemble into Ordered Bilayer Vesicles 

John M. Tomich, jtomich@ksu.edu.Department of Biochemistry, Kansas State 
University, Manhattan, Kansas 66506, United States 

Here, we describe a set of 15 & 23-residue branched, amphipathic peptides that mimic 
phosphoglycerides in architecture. They self-assembly and form bilayer delineated 
solvent- filled spheres with 50-200 nm diameters.  



 
 
 
Whereas weak hydrophobic forces drive and sustain lipid bilayer assemblies, these 
structures are further stabilized by β-sheet hydrogen bonds. A linear peptide lacking the 
branch point shows no self-assembly. Besides encapsulating and delivering intra-
cellularly different fluorescent dyes, we stably transformed epithelial cells with an EGF 
containing plasmid (EGFP-N3, 4.7kb). 

COLL 72 

Computational studies of antimicrobial peptides 

Themis Lazaridis, tlazaridis@ccny.cuny.edu, Yi He, Lidia Prieto.Chemistry, City 
College of New York, New York, NY 10031, United States 

Antimicrobial peptides (AMPs) are thought to kill bacteria by permeabilizing their lipid 
membranes. We recently used implicit membrane modeling to show that four AMPs 
bind more strongly to membrane pores than to the flat membrane, consistent with the 
idea that they stabilize them. In some cases the stronger binding to pores seems to 
arise from the imperfect amphipathicity of these peptides. One peptide exhibiting 
striking imperfect amphipathicity is protegrin. We have found that protegrin requires the 
positive curvature of toroidal pores to bind to neutral membranes. Models of protegrin 
oligomeric beta barrels have been constructed and evaluated energetically. The NCNC 
parallel topology was found to be most stable, in apparent disagreement with solid state 
NMR data. We have extended this approach to pores in anionic membranes and used it 
to obtain insights into the lipid selectivity of AMPs. Ideas emerging from these 
continuum studies are tested with explicit membrane simulations. 
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Sequence determinants of spontaneous membrane-translocating peptides 

Jing He1, jhe2@tulane.edu, Taylor Fuselier1, Kalina Hristova2, William C Wimley1.Â  (1) 
Biochemistry and Molecular Biology, Tulane University, New Orleans, LA 70112, United 
StatesÂ  (2) Materials Science and Engineering, The Johns Hopkins University, 
Baltimore, MD 21218, United States 

Cell penetrating peptides (CPPs) have been shown to facilitate the delivery of a wide 
collection of biologically active molecules and compounds into living cells and thus may 
have promising applications in the development of novel therapeutics. Yet the lack of 
tools for engineering and designing such peptides has long been a major road block in 
the discovery pipeline. In addition, recent studies have indicated that the cellular uptake 
of most currently known CPPs rely on one or more types of energy-dependent 
endocytotic pathways, which significantly limits their applications. Therefore, this work 
presented here was initiated to engineer spontaneous membrane translocating peptides 
(SMTPs) that move across lipid bilayers and cellular membranes in an energy-
independent manner. In our lab, a previous orthogonal screen of a synthetic peptide 
library (N=10,368) for SMTPs revealed a conserved 9-residue motif (PLI[L/Y]LRLLR) in 
a family of 12-residue SMTPs that translocate rapidly without causing any bilayer 
destabilization. In this work, one of these SMTPs, PLIYLRLLRGQF, was selected as the 
template for rational iterative derivatives designed to explore the sequence 
determinants of spontaneous translocation. We measured the capability of translocation 
of these analogs in large unilamellar vesicles (LUVs) containing entrapped protease 
using HPLC, and we also measured vesicle permeabilization. Our results shed light on 
the determinants of spontaneous translocation, which may allow for the discovery and 
engineering of potent SMTPs to overcome the membrane barrier for drugs delivery. 
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Effects governing the activity and selectivity of membrane-permeabilizing 
lipopeptides 

Heiko Heerklotz, heiko.heerklotz@utoronto.ca, Hiren Patel, Mozhgan Nazari.Leslie 
Dan Faculty of Pharmacy, University of Toronto, Toronto, ON M5S3M2, Canada 

Membrane-active peptides are often classified to act either specifically or unspecifically. 
The binding to a component of the target membrane or the formation oligomeric 
channnels are, for example, considered specific effects. Unspecific action may refer to 
the induction of curvature stress within and between the lipid leaflet(s). The term 
“detergent like action” is sometimes used to describe mixed micelle formation although 
detergents typically permeabilize membranes by forming toroidal pores or membrane 
defects at concentrations well below those required for micellization. 



Here we discuss a scenario that is intermediate between these classical, extreme cases 
and explains selectivity and high activity of, for example, lipopeptide biosurfactants. It 
results from the fact that principally unspecific membrane perturbation can be boosted if 
the perturbant is not diluted homogeneously over the membrane but sequestered into 
domains at high local concentration. While the destabilizing effect as such is unspecific, 
the interactions triggering segregation can result from specific immiscibility with certain 
membrane components (e.g., cholesterol). Cofactors that enhance or enhance or 
diminish membrane heterogeneity may enhance or inhibit the activity of such 
'unspecific' membrane perturbants. 
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Structural location determines the functional roles of cationic amino acids of 
antimicrobial peptides 

Guangshun Wang1, gwwang1@gmail.com, Raquel F Epand2, Biswajit Mishra1, 
Tamara lushinikova1, Vinai Chittezhan Thomas1, Kenneth W Bayles1, Richard M 
Epand2.Â  (1) Department of Pathology and Microbiology, University of Nebraska 
Medical Center, Omaha, NE 68198-6495, United StatesÂ  (2) McMaster University, 
Hamilton, Ontario, Canada 

We have been focusing on the structure-activity relationship studies of human 
cathelicidin LL-37. Three-dimensional structures of human LL-37 and its important 
fragments have been elucidated by NMR spectroscopy. These high-quality 3D 
structures set the stage for us to investigate the functional roles of cationic amino acids 
using the major antimicrobial peptide region of LL-37 as a model. It appears that Arg23 
and Lys25 play an important role in modulating antimicrobial activity and membrane 
permeation, while Lys18, Arg19 and Arg29 tend to be more important in clustering 
anionic lipids as well as hemolysis. Our solution NMR study of the peptide in the 
presence of dioctanoyl phosphatidylglycerol yields the first piece of evidence that Arg23 
is in direct contact with membranes. Taken together with 3D structures, we propose that 
those interfacial cationic side chains that are in direct contact with bacterial membranes 
are critical for antibacterial activity against especially Gram-negative bacteria. 
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A pinch of salt makes all the difference: In-situ molecular spectroscopy of 
chemistry at air-ice interfaces 

James Donaldson, jdonalds@chem.utoronto.ca.Department of Chemistry, University 
of Toronto, Toronto, ON M5S 3H6, Canada 

The air-ice interface of frozen water (snow, sea ice, etc.) is a region where important 
atmospheric processes are believed to occur. This nanometer to micron thick zone has 
physico-chemical properties which are unique to the interface and depend on (among 
other things) temperature and the presence of impurities. Using glancing-angle laser 



Raman and fluorescence spectroscopies, we have followed the exclusion of dissolved 
salts and organic species to the interface during freezing and the deposition of 
atmospheric acids to the air-ice interface. These processes depend quite sensitively on 
the nature of the frozen water (salty vs. fresh) but not so strongly on temperature. I will 
present several recent results and attempt to relate these laboratory measurements to 
real environmental ice surfaces. 
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Thin Surface Films of Water on Hydrophilic & Hydrophobic Substrates: Changes 
in Film Behaviour and H-bonding Character Studied by Optical Spectroscopies 

Scott K Shaw1, scott-k-shaw@uiowa.edu, Anoma Mudalige2, Jeanne E Pemberton2.Â  
(1) Department of Chemistry, University of Iowa, Iowa City, IA 52242-1294, United 
StatesÂ  (2) Department of Chemistry and Biochemistry, University of Arizona, Tucson, 
Arizona 85721, United States 

Solvent molecules at interfaces often display distinct structure and bonding interactions 
when compared to the surrounding bulk phases. A ubiquitous example of this is found in 
the aqueous layers adsorbed on atmospheric particles and other environmental 
surfaces. In this study, we present the structure of thin, interfacial films of water (D2O) 
on well-defined substrates with surface chemistries systematically varying from 
hydrophobic (alkanethiols with -CH3 terminal groups) to hydrophilic (alkanethiols with -
OH terminal groups) to create surfaces with water contact angles from ranging from ca. 
110° > θ > 30°. Films are created by condensation or dynamic dewetting. Thicknesses 
trend with hydrophobicity and range from 0 to ca. 3 nm thick. These are probed by 
ellipsometry and PM-IRRAS, and compared with quantitative calculations for thickness 
and vibrational spectra of isotropic films. Unique interfacial water environments are 
identified in the spectral results. 
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The structure of formic acid in the liquid phase at the vapor/liquid interface 

Matthew A. Brown1, matthew.brown@chem.ethz.ch, Markus Ammann2, Jeroen A. van 
Bokhoven1,3.Â  (1) Institute for Chemical and Bioengineering, ETH Zurich, Zurich, 
SwitzerlandÂ  (2) Laboratory for Radiochemistry and Environmental Chemistry, Paul 
Scherrer Institute, Villigen PSI, SwitzerlandÂ  (3) Swiss Light Source, Paul Scherrer 
Institute, Villigen PSI, Switzerland 

The electronic structures of formic acid (HCOOH) and formate (HCOO—) have been 
determined in aqueous solutions over a pH range of 1.88–8.87 using XPS, PEY XAS, 
and DFT. The carbon 1s XPS measurements reveal a binding energy shift of −1.3 eV 
for deprotonated HCOO— compared with neutral HCOOH. Such distinction between 
neutral HCOOH and deprotonated HCOO— cannot be made based solely on the 
respective carbon K-edge PEY XA spectra. Independent of pH, the C1s → π* state 



excitations occur at 288.0 eV and may lead to the incorrect conclusion that the energy 
levels of the π* state are the same for both species. The DFT calculations are 
consistent with the experimental observations and show a shift to higher energy for both 
the occupied C1s (lower binding energy) and unoccupied π* orbitals of deprotonated 
HCOO— compared to neutral HCOOH in aqueous solutions. 

COLL 79 

Humidity-dependent surface structural changes of polyvinyl amine, polyvinyl 
alcohol, and polyvinyl chloride 

Lawrence F. Scatena, larry.scatena@boisetechnology.org, Teresa L. Tarbuck, Mark R. 
Watry, Michael W. Hill.Boise Technology, Inc, Nampa, Idaho 83687, United States 

Polymer materials have become an indispensable resource for numerous applications 
including chemical/biological sensing, semipermeable membranes, and barrier 
materials. This is in part due to the polymers' dynamic chemical and physical surface 
properties that contribute to the utility of the material. In the work to be presented, 
surface-selective vibrational sum-frequency generation (VSFG) studies conducted on 
polyvinyl amine (PVAm), polyvinyl alcohol (PVOH), and polyvinyl chloride (PVC) 
indicate distinct surface molecular changes with variable humidity. The VSFG spectra 
show that the surface structure of these three polymers varies with relative humidity (0% 
to 100% RH), with most of the change occurring between 0% and 20% RH. Surface 
water modes were initially observed at 25% RH and shift to lower frequency with 
increasing humidity. By examining the water structure and the polymer conformation, a 
self-consistent picture is emerging of how the structures of these polymers adapt to 
varying RH. 
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Formation of low vapor pressure compounds in atmospheric aerosols: 
Mechanism of organosulfateformation 

Nathan Eddingsaas, eddingsaas@mail.rit.edu.School of Chemistry and Materials 
Science, Rochester Institute of Technology, Rochester, New York 14623, United States 

Organosulfates have been observed in both laboratory-generated and ambient 
secondary organic aerosols (SOA). In some ambient samples, organosulfates have 
been found to be a large fraction of the overall composition. Organosulfates are most 
prevalent in acidic aerosols containing high concentrations of sulfate. Many of the 
observed organosulfates are multifunctional with alcohol or carboxylic functional groups 
along with the sulfate group. For example, these have been observed in SOA from 
isoprene and a-pinene photooxidation. Evidence for the formation of multifunctional 
organosulfates in isoprene and a-pinene SOA from epoxide ring-opening and alcohol 
esterification will be presented. In addition, laboratory data on the kinetics and products 
of these reactions will be discussed. 
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Electron spectroscopy studies of the composition and chemistry at the 
liquid/vapor interface 

John C Hemminger, jchemmin@uci.edu.Department of Chemistry, University of 
California, Irvine, Irvine, California 92697-2025, United States 

We utilize synchrotron based electron spectroscopy of liquid micro jets to study the 
composition and chemistry of liquid/vapor interfaces. The variable photon energy and 
resulting variable photoelectron kinetic energy available at synchrotron based x-ray 
sources allows us to vary the depth into the solution that the experiment probes. We will 
present recent results on environmentally important aqueous solutes (acetonitrile, and 
nitric and sulfuric acid) in water solutions. A new liquid-jet x-ray photoelectron 
spectroscopy instrument installed at the LBNL Advanced Light Source will be described. 
This new instrument combines liquid-jet technology with an ambient pressure electron 
spectroscopy instrument. The new instrument has allowed us to study high volatility 
organic solutes such as acetonitrile at concentrations up to 0.9 mole fraction. 
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Raman Microspectroscopy and Vibrational Sum Frequency Generation 
Spectroscopy as Probes of the Bulk and Surface Compositions of Size-Resolved 
Sea Spray Aerosol Particles 

Andrew P Ault1, andrew-ault@uiowa.edu, Defeng Zhao2, Carlena J Ebben3, Michael J 
Tauber2, Franz M Geiger3, Kimberly A Prather2, Vicki H Grassian1.Â  (1) Department of 
Chemistry, University of Iowa, Iowa City, Iowa 52242, United StatesÂ  (2) Department of 
Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093, 
United StatesÂ  (3) Department of Chemistry, Northwestern University, Evanston, IL 
60208, United States 

Sea spray aerosol (SSA), one of the largest fluxes of aerosol generated globally, can 
have large impacts on climate by influencing cloud formation. Despite their importance, 
climate impacts of SSA particles remain poorly understood due to the fact that the 
composition of these particles changes as a function of size and seawater composition. 
Bulk composition of individual particles (Raman microspectroscopy) and surface 
composition and structure of size-resolved particles (sum frequency generation (SFG)) 
were used to analyze SSA particles. These particles were produced through wave 
action using a unique ocean in a lab approach that minimizes contamination from 
ambient background aerosol particles. As will be discussed, these data provide new 
insights into bulk and surface compositions of SSA particles and represent a step 
forward in our understanding of this important class of atmospheric particles. 

COLL 83 



Vibrational spectroscopy of the surfaces of sea spray aerosol particles 
synthesized at the Scripps Hydraulics Laboratory wave flume 

Carlena J Ebben1, carly.ebben@u.northwestern.edu, Andrew P Ault2, Matthew J 
Ruppel3, Vicki H Grassian2, Kimberly A Prather3,4, Franz M Geiger1.Â  (1) Department of 
Chemistry, Northwestern University, Evanston, Illinois 60208, United StatesÂ  (2) 
Department of Chemistry, University of Iowa, Iowa City, Iowa 52242, United StatesÂ  (3) 
Department of Chemistry and Biochemistry, University of California, San Diego, La 
Jolla, California 92093, United StatesÂ  (4) Scripps Institution of Oceanography, La 
Jolla, California 92093, United States 

The sensitivity limitations of most aerosol analytical methods prevent the direct 
interrogation of aerosol particle surfaces, yet it is at these surfaces that chemical and 
physical interactions occur with gas phase species. Size-selected sea spray aerosol 
(SSA) particles were collected from breaking waves created in a wave flume and 
analyzed using vibrational sum frequency generation (SFG) spectroscopy. Spectra 
indicate the presence of CH oscillators that are subject to broad molecular orientation 
distributions, particularly in the smallest particles. Additionally, spectra obtained from the 
flume surface microlayer and the smallest particles sampled above it show similar 
features, which suggests that the CH oscillators located at these particle surfaces may 
be in similar chemical environments to those found in the surface microlayer. These 
responses differ from those of larger particles. The molecular insights provided by this 
analysis are critical for developing a link between surface properties of SSA and their 
climate-related properties. 
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Identifying defects on oxide surfaces: Recent progress based on IR spectroscopy 
for single crystals as well as for powders 

Christof Wöll, christof.woell@kit.edu.Institute of Functional Interfaces, IFG, Karlsruhe 
Institute of Technology (KIT), Karlsruhe, Karlsruhe D-76021, Germany 

The role of defects on oxide surfaces has always been considered crucial. 
Unfortunately, scanning tunneling microscopy, the experimental technique upon which 
the recent progress in understanding the chemical activity of e.g. oxygen vacancies on 
TiO2 is largely based, cannot be applied to powders, the technologically most important 
form of oxide materials, in a straightforward fashion. As a result, the transfer of 
knowledge from well-defined reference systems to powder materials is very difficult. 
Consequently, the so-called Surface Science approach has been severely hampered 
with regard to understanding reactions on oxide surfaces. 

Here, we present a novel method capable of investigating oxygen vacancies on both, 
surfaces of macroscopic, well-defined oxide single crystals as well as on powder 
particles [1]. We will demonstrate that the presence of oxygen vacandies on surfaces of 
rutile TiO2 (r-TiO2) can be directly identified by IR spectroscopy (UHV-FTIRS) using CO 



as a probe molecule. We will also briefly discuss the main difficulties in recoding IR-
spectra in reflection on oxide single crystals. 

References  

[1] M. Xu, H. Noei, K. Fink, M. Muhler, Y. Wang, Ch. Wöll, Angewandte Chemie 2012, 
51 , 4731, (2012) 
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Oxygen Vacancy-Promoted Coupling and Formation of Enolate for Acetaldehyde 
on CeO2(111) Surfaces 

Ye Xu1, xuy2@ornl.gov, Florencia Calaza2, David R Mullins2, Steven H Overbury2.Â  (1) 
Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, 
Tennessee 37831, United StatesÂ  (2) Chemical Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 37831, United States 

Enolate species are the key intermediates in several organic C-C coupling reactions 
including aldol condensation, which are important pathways in the conversion of 
biomass-derived feedstock to fuels and chemicals. We used a combination of RAIRS 
and DFT calculations to demonstrate that oxygen vacancies on CeO2(111) are key to 
activate acetaldehyde and stabilize it in the enolate form (CH2CHO). Acetaldehyde 
desorbs without reaction from the stoichiometric CeO2(111) surface around 210 K. 
When the surface is partially reduced, acetaldehyde loses its carbonyl bond character at 
low temperatures. Annealing to 400 K leads to the desorption of some of the strongly 
adsorbed species as acetaldehyde and the appearance of another organic species, 
conclusively identified to be the enolate on the basis of the IR signatures, previous X-
ray results, and DFT calculations. A reaction energy profile is constructed based on the 
surface intermediates on CeO2-x(111), which finds good agreement with previous TPD 
results. 
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Unique Properties of Ceria Nanoparticles Supported on Metals: Novel Inverse 
Ceria/Copper catalysts for CO Oxidation and the Water-Gas Shift Reaction 

Jose A Rodriguez, rodrigez@bnl.gov, Sanjaya D Senanayake, Dario Stacchiola, Ping 
Liu, Jan Hrbek.Chemistry Department, Brookhaven National Laboratory, Upton, New 
York 11798, United States 

Inverse model catalysts composed of oxide nanoparticles supported on metal 
substrates have proven to be excellent benchmarks to test key components of novel 
catalytic materials in a systematic manner. These inverse models are prepared in-situ 
and can be studied with a cross section of surface science (STM, XPS, UPS, LEEM) 
and theoretical tools (DFT) while also being screened for catalytic activity in a reactor. 



This talk will describe the properties of inverse catalysts composed of CeOx 
nanoparticles supported on Cu(111) or Cu powder. Cu(111) is a standard for 
fundamental studies of catalytic reactions like CO oxidation and the water-gas shift 
(WGS). It was discovered that the addition of small amounts of ceria nanoparticles can 
activate the Cu(111) or Cu powder and achieve remarkable enhancements of catalytic 
activity. The supported CeOx nanoparticles are extremely active for the dissociation of 
H2O and O2, key steps in the WGS and CO oxidation reactions. 
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Structure and Dynamics of CO2 on Rutile TiO2(110) 

Zdenek Dohnalek, Zdenek.Dohnalek@pnnl.gov.Pacific Northwest National Laboratory, 
Richland, Washington 99354, United States 

Adsorption, binding, and diffusion of CO2 on reduced, hydroxylated, and oxidized rutile 
TiO2(110)-1×1 surfaces were investigated experimentally using scanning tunneling 
microscopy, infrared reflection absorption spectroscopy, molecular beam scattering, and 
temperature programmed desorption and theoretically via dispersion corrected density 
functional theory and ab initio molecular dynamics. Following the saturation of bridging 
oxygen vacancies (VO's), additional CO2 is found to adsorb on 5-coordinated Ti sites 
(Ti5c) with the initial small fraction stabilized next to CO2 on VO sites. The Ti5c-bound 
CO2 is highly mobile at 50 K at coverages of up to 1/2 monolayer (ML). Theoretical 
studies show that the CO2 diffusion on Ti5c rows proceeds via a rotation-tumbling 
mechanism with extremely low barrier of 0.06 eV. At 2/3 ML, CO2 diffusion is hindered 
and at 1 ML an ordered (2×2) overlayer with a zigzag arrangement of tilted CO2 
molecules develops along the Ti5c rows. Out of phase arrangement of the zigzag chains 
is observed across the rows. An additional 0.5 ML of CO2 can be adsorbed on Ob sites 
with a binding energy only slightly lower than that on Ti5c sites due to quadrupole-
quadrupole interactions with the Ti5c-bound CO2 molecules. On oxidized TiO2(110), a 
new stable CO2 binding configuration is found on Ti5c sites next to oxygen adatoms. 
Binding energy of this configuration is comparable to that of CO2 on VO sites. 
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Redox processes by photoinduced charge carriers at TiO2 surface 

Cristiana Di Valentin, cristiana.divalentin@mater.unimib.it.Dipartimento di Scienza dei 
Materiali, UniversitÃ  di Milano Bicocca, Milan, Italy 

Bulk excitons formed upon UV irradiation are found to become self-trapped, consistent 
with the observation of temperature dependent Urbach tails in the absorption spectrum 
and a large Stokes shift in the photoluminescence band of anatase. The electron and 
hole polaron trapping energy is considerably larger at the surface making energetically 
favorable for the polarons to travel from the bulk to the surface where the trapping sites 



correspond to undercoordinated Ti3+
5c and O–

2c surface atoms, or to isolated OH 
species in the case of a hydroxylated surface [1]. 

However, adsorbed molecular species can be better traps of photoinduced electrons 
and holes than surface undercoordinated ions or OH groups. In such cases a direct 
charge carrier transfer to the adsorbate takes place resulting in a net redox process. 
Here we explore the behaviour of a number of organic adsorbates as hole scavengers 
and of molecular oxygen as an electron one [2]. 

[1] C. Di Valentin and A. Selloni, J. Phys. Chem. Lett. 2, 2223 (2011). 

[2] C. Di Valentin and D. Fittipaldi, in preparation. 
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Thermal and photochemical activation of oxygenates on titania: The roles of 
defects and adatoms 

Cynthia M Friend1, cfriend@seas.harvard.edu, Stephen C Jensen1, Katherine R 
Phillips1, Shao-Chun Li1,2, Elizabeth Landis1.Â  (1) Chemistry and Chemical Biology, 
Harvard University, Cambridge, MA 02138, United StatesÂ  (2) Nanjing University, 
ChinaÂ  (3) Holy Cross College, United States 

The roles of dynamic defects and adatoms in determining the reactivity and selectivity of 
surface reactions important in heterogeneous catalysis will be illustrated for oxidation 
and reduction reactions on titania. Coupling reactions are induced by reduced Ti 
cations, including interstitials that migrate to the surface and induced C=O bond 
breaking in aldehydes on rutile TiO2(110). The reduced Ti centers also inhibit 
photochemical oxidation on the titania surface. On the other hand, O adatoms play a 
role in healing reduced sites, including interstitials and bridging oxygen vacancies, 
leading to oxidative processes on the surface. The thermal and photochemical behavior 
of water, methanol, organic acids, aldehydes, and ketones have been studied using a 
combination of reactivity measurements, imaging and density functional theory. 
Selected examples will be used to illustrate the dynamic nature of surfaces under 
reaction conditions. 
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Combined DFT and STM studies of structures and activities of rutile TiO2 
surfaces 

Xue-Qing Gong1, xgong@ecust.edu.cn, Qian Cuan1, Junguang Tao2, Matthias Batzill2, 
Shao-Chun Li3, Ulrike Diebold4, Annabella Selloni5.Â  (1) Centre for Computational 
Chemistry and Research Institute of Industrial Catalysis, East China University of 
Science and Technology, Shanghai, Shanghai 200237, ChinaÂ  (2) Department of 
Physics, University of South Florida, Tampa, Florida 33620, United StatesÂ  (3) 



Department of Physics and Engineering Physics, Tulane University, New Orleans, LA 
70118, United StatesÂ  (4) Institute of Applied Physics, Vienna University of 
Technology, Vienna, Vienna 1040, AustriaÂ  (5) Department of Chemistry, Princeton 
University, Princeton, New Jersey 08544, United States 

TiO2 is one of the most important metal oxide materials and finds applications in wide 
range of fields such as catalysis, photocatalysis and biomaterials. It is also often used 
as model catalysts in the surface science studies aiming at elucidating some 
fundamental aspects in catalytic processes of metal oxides. Among its different 
polymorphs, ruitle TiO2 is the most abundant one, and has therefore attracted intense 
interest. In recent work, we have studied basic physico-chemical features of two major 
facets of rutile TiO2, namely TiO2(110) and (011), by performing combined theoretical 
DFT calculations and experimental STM measurements. We have found that for ruitle 
TiO2(110), the adsorption and kinetic performance of various molecules is largely 
determined by surface conditions, especially the hydrogenation caused by their own 
dissociation. For the rutile TiO2(011) with unique reconstructed conformation, its 
structures can undergo further restructuring upon interaction with various molecules, 
which can dramatically affect its activity. 
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Mobile Ag-S Clusters on Ag Surfaces: Agents of Mass Transport 

Patricia A. Thiel, pthiel@iastate.edu.Department of Chemistry, Department of Materials 
Science and Engineering, and the Ames Laboratory, Iowa State University, Ames, IA 
50011, United States 

In this talk, we describe the evidence for, and importance of, small complexes of sulfur 
and silver on silver surfaces in controlling mass transport of silver across the surface. 
Using the tools of scanning tunneling microscopy and density functional theory, we have 
characterized the role of Ag3S3 and AgS2 on surfaces of Ag(111) and Ag(100), and we 
have shown how these two surfaces differ in terms of the stabilities and mobilities of 
these clusters. Recently, we have discovered larger chain-like clusters on Ag(111), built 
out of Ag16S13 monomers. We discuss the role of some of these clusters in destabilizing 
Ag nanoislands, i.e. their role in accelerating the process known as coarsening by which 
large islands grow at the expense of small islands. We present a model to explain our 
observation that coarsening is far slower on Ag(100) than on Ag(111) when the silver-
sulfur complexes are present. 

COLL 92 

Substrate specificity of phosphatidylserine transport and binding proteins 

David Daleke, daleked@indiana.edu.Medical Sciences / Department of Biochemistry 
and Molecular Biology, Indiana University School of Medicine, Bloomington, Indiana 
47405, United States 



Two classes of of proteins selectively interact with the lipid phosphatidylserine (PS). 
Some transmembrane transporters, or “flippases,” recognize PS in one monolayer of a 
membrane and transport this lipid to opposite surface, with the concomitant 
consumption of ATP. Other proteins interact with PS-containing membranes in an 
interfacial fashion and this binding transmits essential cell signals. The mechanisms by 
which these two classes of proteins interact with PS are distinct. Of the two chiral 
centers in PS, the PS flippase transports only the 1,2-sn-glycerol isomer of this lipid, 
while interfacial PS binding proteins, such as protein kinase C or clotting factors V and 
X, recognize selectively the L-serine stereoisomer. Modifications to other structural 
elements of PS result in reduction of binding to both classes of these proteins. These 
data indicate that two distinct binding site structures have evolved in proteins for the 
selective recognition of PS in biological membranes. 
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Mechanical and anhydrobiotic stabilization of vesicular and supported 
membranes by glycolipids and polymers 

Dennis Bong, bong@chem.osu.edu.Chemistry and Biochemistry, The Ohio State 
University, Columbus, Ohio 43210, United States 

The most widely used method to create long-circulating vesicle carriers is membrane 
incorporation of lipid-anchored polyethylene glycol (PEG), which sterically blocks serum 
protein binding, thus preventing lipid extraction, opsonization and immunoclearance. We 
report herein new, synthetically accessible glycolipids and polymers that provide vesicle 
stability in serum as well as unprecedented anhydrobiotic and cryoprotective properties: 
supported lipid bilayers (SLBs) retain uniformity and fluidity after air-drying and and 
rehydration while glycolipid-protected vesicles survive freeze-drying and rehydration 
without fusion and minimal contents loss. Glycopolymer and glycolipid materials were 
also investigated as cryoprotectants for cell culture, given the known vitrification function 
of sugars. We anticipate that glycosystems of this type will be useful for the stabilization 
of synthetic membranes for delivery and SLB bioanalytical devices. 
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Lipid pixels, vesicles, and tubules: Curvature directed assembly and metastability 
imposed by e-beam patterned substrates 

Marjorie L Longo, mllongo@ucdavis.edu.Department of Chemical Engineering and 
Materials Science, University of California Davis, Davis, CA 95616, United States 

We pixelate coexisting Lo-Ld lipid phases by supporting them with a silica substrate 
containing a square lattice pattern of PMMA hemispherical features formed by electron 
beam lithography. The pixilation pattern is metastable and, over time, the area fraction 
of the Lo phase on the curvature patterned regions of the substrate decreases toward 
zero at room temperature. Observations and kinetic rate analysis identify two competing 



mechanisms to the transition to zero Lo area fraction: diffusion limited dissolution driven 
by an Ostwald ripening-type process and the cooperative formation of vesicles 
containing Lo phase lipids. By varying the substrate pattern, we can control phase 
partitioning and the kinetics of these two processes (dissolution vs. vesiculation) relative 
to each other, resulting in distinctly different compositional sorting behaviors. In addition, 
localized tubulation takes place with some of these underlying patterns. More recently, 
we have used this system to form a pixilated pattern of proteins by attaching them to a 
pixilated lipid phase. 
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Elastic properties of polyunsaturated phosphatidylethanolamines influence 
rhodopsin function 

Walter E. Teague Jr.1, Olivier Soubias1, Horia Petrache2, Nola Fuller3, Kirk G. Hines1, R. 
Peter Rand3, Klaus Gawrisch1, gawrisch@helix.nih.gov.Â  (1) Laboratory of Membrane 
Biochemistry and Biophysics, NIAAA, NIH, Bethesda, MD 20892, United StatesÂ  (2) 
Department of Physics, Indiana Univ. - Perdue Univ., Indianapolis, IN 46202, United 
StatesÂ  (3) Department of Biological Sciences, Brock Univ., St. Catharines, Ont. L2S 
3A1, Canada 

Phosphoethanolamines (PE) comprise about 40% of retinal and synaptosomal 
membranes and, within these membranes, about 50% of hydrocarbon chains in PE are 
the six-fold unsaturated docosahexaenoic acid (22:6n-3, DHA). Membranes with a high 
content of polyunsaturated phosphatidylethanolamines (PE) facilitate formation of 
metarhodopsin-II (MII), the photointermediate of bovine rhodopsin that activates the G 
protein transducin. We determined whether MII-formation is quantitatively linked to the 
elastic properties of PEs. Curvature elasticity of monolayers of the polyunsaturated 
lipids 18:0-22:6n-3PE, 18:0-22:5n-6PE and the model lipid 18:1n-9-18:1n-9PE were 
investigated in the inverse hexagonal phase. All three lipids form lipid monolayers with 
rather low spontaneous radii of curvature of 26-28 Å. In membranes, all three PEs 
generate high negative curvature elastic stress that shifts the equilibrium of MI/MII 
photointermediates of rhodopsin towards MII formation. The data show that 
polyunsaturated lipids are important for class A GPCR activation. 

COLL 96 

Engineering lipid membrane domains for selective protein affinity 

Darryl Y Sasaki1, dysasak@sandia.gov, Stacey Lee1, Daniel Nilson1, Carl C Hayden1, 
Jeanne C Stachowiak2, George D. Bachand3.Â  (1) Biotechnology & Bioengineering, 
Sandia National Laboratories, Livermore, CA 94551, United StatesÂ  (2) Biomedical 
Engineering, University of Texas, Austin, Austin, TX 78712, United StatesÂ  (3) 
Nanosystems Synthesis/Analysis, Sandia National Laboratories, Albuquerque, NM 
87185, United States 



One of the main features of the cell membrane is its spatiotemporal control over domain 
architectures, which lead to the construct of supramolecular assemblies that perform 
specific functions. Engineering lipid membranes to mimic this behavior could enable the 
creation of novel nanoscale systems for sequestration and transport, environmental 
sensing, hierarchical assembly, and the development of models for understanding 
budding and fission/fusion events. In this presentation, our most recent efforts in the 
study and engineering of lipid membranes to selectively bind proteins to domains will be 
described. Previously, we've shown that domains functionalize with metal chelates (e.g., 
Cu(II)-IDA, Ni(II)-NTA) selectively bound his-tagged proteins with subsequent induction 
of membrane curvature localized to the domain. Recently, we've explored the use of 
lipid structure and multivalent binding interactions to facilitate temporal control over 
domain formation. Our investigations further extend into how protein complexes on lipid 
domains may enable the development of nanoscale transport systems. 

COLL 97 

Strategies for optimizing lipid-based delivery of nucleic acids to cells for gene 
delivery and gene silencing: Synthesis, live cell imaging, and transfection 
efficiency studies 

Kai K Ewert1, Ramsey N. Majzoub1, Chialing Chan2, Keng S Liang3, Cyrus R Safinya1, 
safinya@mrl.ucsb.edu.Â  (1) Departments of Materials, Physics, & MCDB, UC Santa 
Barbara, Santa Barbara, CA 93111, United StatesÂ  (2) Istitute of Physics, Academia 
Sinica, Taipei, Taiwan Republic of ChinaÂ  (3) Department of Electrophysics, National 
Chiao-Tung University, Hinchey, Taiwan Republic of China 

Cationic liposomes (CLs) are studied worldwide as carriers of DNA and short-
interfering-RNA (siRNA) for gene delivery/silencing and related clinical trials are 
ongoing worldwide [see http://www.wiley.com/legacy/wileychi/genmed/clinical/; 
Advances in Genetics, Vol. 53: Non-Viral Vectors for Gene Therapy (2nd ed. Part I, 
Elsevier, London 2005)]. Enhancement of transfection efficiency and silencing efficiency 
by cationic liposomes requires an understanding of the nature of interactions of 
complexes with cell surfaces, events leading to release of complexes from endosomes, 
and tracking and determination of the complex fate within the cytoplasm [see K. K. 
Ewert et al. Topics Curr. Chem. 2010; C-L Chan et al. Biomaterials 2012 ]. Our studies 
employ a combination of strategies including, custom synthesis of lipids and cyclic-
peptide-PEG-lipids, x-ray scattering, transfection efficiency, and live cell imaging with 
Rab-GFP proteins [R. Majzoub et al. to be submitted]. Results of recent studies on cell-
targeting, endosomal escape, and organelle tagging (for spatial-temporal tracking of 
complexes) will be presented. Funded by NIH grant R01 GM59288. 

COLL 98 

Highly organized plasmonic structures for SERS sensing 



Nicolas Pazos Perez1, Moritz Tebbe1, Mareen Mueller1, Ramon A Alvarez Puebla2, 
Andreas Fery1, andreas.fery@uni-bayreuth.de.Â  (1) Department of Physical Chemistry 
II, University of Bayreuth, Bayreuth, GermanyÂ  (2) Department of Electronic 
Engineering & Center for Chemical Technology of Catalonia, ICREA and Universitat 
Rovira i Virgili, Tarragona, Spain 

Surface enhance Raman scattering (SERS) spectroscopy is a powerful ultrasensitive 
technique which allows detection down to single molecule levels. The production of 
SERS substrates is based on the generation of hot spots created by plasmonic 
nanoparticles. However, the controlled formation of these hot spots over large areas is 
still a challenge in order to produce homogeneous and reproducible SERS intensities 
over large areas. 

We report novel methods to produce highly organized structures made of plasmonic 
nanoparticles in a macro-scale range using a completely lithography-free approach. 
Monolayers, supercrystals, and tuneable periodic linear arrays, were created via spin 
coating, confinement controlled drying, and their combinations.  

These structures, were effectively use for sensing using SERS showing very good 
reproducibility among big areas. This fact, make them perfect candidates as 
ultrasensitive substrates for SERS due to the controlled formation of hot spots. Which 
provide high and uniform SERS enhancement over extended areas.  
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COLL 99 

Use of silver nanoparticles to conduct Surface Enhanced Hyper Raman 
Spectroscopy (SEHRS) of biological dye molecules 

Chris B Milojevich1, cbennett@ion.chem.utk.edu, Jon P Camden1, Daniel Silverstein2, 
Lasse Jensen2.Â  (1) Chemistry Department, University of Tennessee, Knoxville, TN 
37996, United StatesÂ  (2) Department of Chemistry, Pennsylvania State University, 
University Park, PA 16802, United States 

Surface-Enhanced Hyper-Raman Spectroscopy (SEHRS) is a powerful nonlinear optical 
process used to probe the structure of surface-bound molecules. We utilize the 
enhancements from both silver nanoparticle clusters and resonance hyper-Raman 



scattering to map one-photon inaccessible states in dye molecules of multi-photon 
interest. Our wavelength-scanned experiments are further compared to theoretical 
calculations, where it is found that non-Condon terms (B-term) dominate the spectra. 
The use of two-photon resonant states and surface enhancements provides the ability 
to detect molecules in very low concentrations, possibly on the single molecule level. 
Due to the enhancements of plasmonic nanoparticles, lower excitation powers can be 
employed than utilized in normal hyper Raman experiments. Our work should contribute 
greatly to the understanding of the rich electronic structures that direct two-photon 
optical processes on plasmonic metal surfaces. 

COLL 100 

Folic acid-modified PEGylated dendrimer-entrapped gold nanoparticles for in 
vitro and in vivo targeted computed tomography imaging of tumors 

Chen Peng1, pengchen_1985@163.com, Xiangyang Shi2.Â  (1) College of Materials 
Science and Engineering, Donghua University, Shanghai, Shanghai 201620, ChinaÂ  
(2) College of Chemistry, Chemical Engineering and Biotechnolgy, Donghua University, 
Shanghai, Shanghai 201620, China 

We report the synthesis and characterization of folic acid (FA)-modified PEGylated 
dendrimer-entrapped gold nanoparticles (Au DENPs) for in vitro and in vivo targeted CT 
imaging of tumors. In this study, amine-terminated poly(amidoamine) dendrimers of 
generation 5 (G5.NH2) modified by polyethylene glycol (mPEG-COOH and FA-PEG-
COOH) were used as templates to entrap Au NPs, followed by acetylation of the 
remaining dendrimer terminal amines to neutralize the surface potential of the particles  

 
 
 
. The formed {(Au0)300-G5.NHAc-mPEG-(PEG-FA)} DENPs were characterized by UV-
Vis spectrometry, 1H NMR, transmission electron microscopy. MTT cell viability assay 
and flow cytometric analysis were used assess the cytotoxicity of the particles. We 
show that the formed Au DENPs are stable, cytocompatible at the Au concentration up 
to 300 µM, and have much higher x-ray attenuation intensity than Omnipaque (an 



iodine-based CT imaging agent) under similar concentration of the active element. 
Moreover, the developed Au DENPs enable effective CT imaging of KB cancer cells 
with high FA receptor expression in vitro and the KB xenograft tumor model in vivo. 
These findings suggest that the designed Au DENPs can be used as a promising 
contrast agent for targeted CT imaging of tumors. 

COLL 101 

Coupling between Exciton and Plasmon in Gold-Quantum Dot Nanoconjugates 
for Fluorescent Enhancement and Protein Detection 

Tao Zhang, Shing-Bor Chen, Lin Yue Lanry Yung, cheyly@nus.edu.sg.Department of 
Chemical & Biomolecular Engineering, National University of Singapore, Singapore 

Metal-enhanced fluorescence arises from the near-field interaction between 
fluorophores and metal nanostructure when a dye molecule is placed very closely to the 
surface of a metallic nanoparticle. The fluorescence enhancement is thought to be 
associated mainly with the increased radiative decay rate of the nearby fluorophores, 
but recent reports have suggested that strong coupling between the surface plasmon 
and the photon emitted by the emitter can take place when the electromagnetic field 
enhancement is very high. In such cases, the resonant exciton-plasmon interactions 
modify exciton wave functions and surface plasmon modes, leading to changes of 
exciton and surface plasmon resonance energies that are much larger than the cases 
with increased radiative decay rate alone. Here, we report a new experimental system 
that exhibit the strong coupling between exciton-plasmon interactions. Water-soluble 
CdSe/ZnS core/shell QDs were chemically bonded to popcorn-shaped gold 
nanoparticles (PS-AuNPs). The separation distance between QD and PS-AuNP was 
fixed at 6 nm. The strong exciton-plasmon coupling in our system resulted in >100 times 
fluorescence enhancement. Finite difference time-domain (FDTD) simulations were 
conducted to investigate the enhanced electric field near QD at various excitation 
wavelengths. A linear relationship with the measured fluorescence enhancement was 
achieved. As the fluorescence enhancement is highly sensitive to the local electric field 
environment, we attached biomolecules onto the PS-AuNP-QD and found that the 
presence of localized biomolecules can influence the fluorescence enhancement and 
can be used as a readout for biomolelcule detection. 

COLL 102 

New synthetic methods of colloidal plasmonic nanoparticles for molecular and 
protein sensing 

Mahmoud A Mahmoud, mmahmoud@gatech.edu, Mostafa A El-Sayed.Chemistry & 
Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332, United States 

Plasmonic nanoparticles are characterized by having the localized surface plasmon 
resonance (LSPR) spectrum whose frequency is sensitive to the nanoparticle shape 



and the dielectric function of the surrounding molecules around its surface. For this 
reason they are useful in sensing. Different shapes including hollow spherical, double 
shell nanocages, and silver nanorods of different aspect ratios are synthesized in 
colloidal solutions. New technique is discussed in which to synthesize silver nanorods 
with different aspect ratio and based on seedless technique. In this method different 
rods of different aspect ratio can be prepared from the same synthetic patch. The 
sensing efficiency of the plasmonic nanoparticles in colloidal solutions and on the 
surface of a substrate is also presented. The simultaneous detection of different 
proteins in solution is shown to increase by using glycans which bind specifically to 
each protein. 

COLL 103 

Accepting and embracing practical "barriers" forsolution-phase nanoparticle 
sensors 

Amanda J Haes, amanda-haes@uiowa.edu.Department of Chemistry, University of 
Iowa, Iowa City, Iowa 52242, United States 

Nanomaterials are used in many biomedical and environmental sensors. Undoubtedly, 
for more nanoparticle based sensors to widely utilized, the irreproducibility of the 
nanosensor measurements must be acknowledged and overcome. Herein, both the 
electromagnetic and physical stability of gold nanomaterials will be measured and 
modeled as a function of surface chemistry and general solution conditions. These 
results will reveal that solution and storage conditions of nanoparticles can be selected 
strategically to promote nanomaterial stability and to increase shelf-life. Additionally, 
simple quality control measures can be implemented to promote reproducible plasmonic 
and SERS detection of small molecules. The practical importance of nanoparticle 
engineering, surface chemistry, and stability will be emphasized and related to 
nanosensor applications. 

COLL 104 

Individually SERS Active Nanotags with Dual Functionalities 

Polina Pinkhasova1, Psobol2@gmail.com, Svetlana Sukhishvili2, Henry Du1.Â  (1) 
Department of Chemical Engineering and Materials Science, Stevens Institute of 
Technology, Hoboken, NJ 07030, United StatesÂ  (2) Department of Chemistry, 
Chemical Biology and Biomedical, Stevens Institute of Technology, HOboken, NJ 
07030, United States 

We have developed individually SERS-active nanotags that uniquely function both as a 
reporter and a sensitive platform for SERS measurements of analytes of interest. 
Hollow Au-Ag alloy nanoshells with a porous wall were synthesized by galvanic 
replacement reaction, and were subsequently loaded with thiocyanate (SCN-) tag 
molecules. The open structure of the nanoshells was filled with Ag via citrate reduction, 



sealing SCN- inside the core-shell nanostructure. Nanotags show a linear correlation 
between the SERS intensity of the encapsulated SCN- and the number of nanoparticles. 
The SERS intensity of SCN- is insensitive to environmental variants and can therefore 
be reliably used as an internal reference for quantitative measurements. Unique to 
previously documented nanotags that serve solely as a beacon, our nanoparticles with 
encapsulated SCN- can function both as such and ultra-sensitive substrates for SERS 
measurements of analytes of interest. 

COLL 105 

Interactions between plasmonic nanoparticles and proteins investigated by 
correlation spectroscopy with single particle sensitivity 

Stephan Link, slink@rice.edu.Department of Chemistry, Rice University, H, TX 77005, 
United States 

We present in situ studies on the adsorption of proteins to plasmonic nanoparticles. We 
have implemented luminescence and scattering correlation spectroscopy with single 
particle sensitivity as an optical tool to quantify changes in the nanoparticle Brownian 
motion resulting from protein adsorption onto the nanoparticle surface. We are able to 
measure changes in the hydrodynamic radius of only a few nanometers corresponding 
to protein monolayer coverages. Nanoparticle aggregation can be distinguished by 
analyzing the collected photon trajectories for the intensity and number of individual 
bursts caused by single objects passing through the confocal excitation volume. We 
also measure adsorption isotherms to elucidate the thermodynamics of protein binding. 
For an accurate implementation of correlation spectroscopy methods it is furthermore 
necessary to understand how the collected optical signal scales with nanoparticle size 
and shape. We are able to obtain this information by correlated electron microscopy and 
single particle spectroscopy of immobilized plasmonic nanoparticles. 

COLL 106 

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

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

Telomeres are noteworthy in anti-cancer research due to the difference in telomere 
preservation between healthy cells and cancerous cells. More specifically, folded G-
quadruplex structures observed in telomere DNA are studied to shed light on sequence 
stability and folding. Despite success in identifying plausible G-quadruplex formations 
through molecular dynamics calculations, X-ray crystallography, and proton NMR, these 
methods lack the ability to obtain population distributions of various G-quadruplexes in 
Tel22, the native telomeric sequence. In particular, relative hybrid-1 and hybrid-2 



structural populations are not known, even though mixtures of these structures are 
observed in K+ solution. Here we employ Nanometal Surface Energy Transfer (NSET) 
between a dye-labeled Tel22 sequence and a gold nanoparticle to distinguish and 
quantify the multiple G-quadruplex formations of Tel22 in biologically relevant solutions. 
Where X-ray crystallography and proton NMR fall short in extracting population data, 
NSET offers cell-simulated hybrid-1 and hybrid-2 structural distributions based on 
distant-dependent dye lifetimes. 

COLL 107 

Remotely Controlled Hybrid Nanomaterials: Light, Ion, and Magnetically-
controlled 

Vlaidmir V Tsukruk, vladimir@mse.gatech.edu.School of Materials Science and 
Engineering, Georgia Institute of Technology, Atlanta, GA 30309, United States 

Microcapsules and Nanorods 

We report on fabrication of thin shell microcapsules from amphiphilic star block 
copolymers and natural polyelectrolytes based upon silk fibroins with shell porosity and 
permeability reversibly controlled either by surrounding pH values or light-induced 
changes in ion balance. In another story, uniform and mobile ferromagnetic layers with 
open organized lattice from functionalized magnetic nanorods were assembled on 
functionalized coatings with their poositioning and orientation readily and remotely tuned 
by distant magnetic field. 

COLL 108 

Electrochemically controlled release of molecular guests from redox responsive 
polymeric multilayers and devices 

G. Julius Vancso1, g.j.vancso@utwente.nl, Jing Song2, Janczewski Dominik2, Yujie 
Ma3.Â  (1) Department of Materials Science and Technology of Polymers, University of 
Twente, MESA+ Institute for Nanotechnology, Enschede, The NetherlandsÂ  (2) 
Institute of Materials Research and Engineering, A*STAR, SingaporeÂ  (3) Radboud 
University Nijmegen, The Netherlands 

A novel platform technology for a tunable molecular payload release, employing 
complex release profiles, from electrode surfaces is reported. Organometallic 
poly(ferrocenylsilanes) (PFS), featuring redox responsive ferrocene units in their main 
chain, are used as a carrier medium to prepare thin films by the layer-by-layer (LbL) 
method for redox triggered delivery. These films form the active component of the 
device. The release of guest molecules from PFS multilayer templates was monitored 
by fluorescence spectroscopy by varying the supporting electrolyte, the ionic strength of 
electrolyte, redox inactive components, blocking layers and the molar mass of the 
polymer. Incorporation of TRITC and Alexa 488 dye molecules into PFS multilayers, at 



various depths of the film, enabled tuning of the release profiles with different release 
kinetics for each component. Composite multilayers encompassing dual redox and pH 
responsive polyelectrolytes show double responsive control over the dye release. 
Finally a device was build featuring the combination of a microelectrode array (MEA) 
and PFS multilayers to demonstrate area addressable pulsed release for potential 
applications. 

COLL 109 

Remotely activated patterned polymer microcapsules and microchamber arrays 

Maria N. Antipina1, antipinam@imre.a-star.edu.sg, Maxim V. Kiryukhin1, Gleb B. 
Sukhorukov2.Â  (1) Patterning & Fabrication, Institute of Materials Research and 
Engineering A*STAR, Singapore, SingaporeÂ  (2) School of Engineering and Materials 
Science, Queen Mary, University of London, London, United Kingdom 

A number of applications in bioengineering, sensing, and microanalysis requires 
precisely controlled microencapsulation and release. Polymer microcapsules assembled 
in layer-by-layer fashion have been demonstrated as a promising delivery system for 
different classes of compounds due to a variety of loading routines and release options, 
such as spontaneous sustained release, release triggered by chemical and physical-
chemical stimuli, and remote physical impact. Patterning of microcapsules on a plane 
solid substrate introduces the site specificity of release. Capsules in a pattern can be 
activated as a group or even one by one by remote physical stimulus like illumination 
with a laser beam. This paper reports on a physical entrapping of polymer multilayer 
microcapsules in microwells of a pre-patterned substrate and fabrication of polymer 
multilayer microchamber arrays. The patterned capsules and chambers can be loaded 
with various actives, serve as microreactors, and be remotely ruptured by a laser beam 
releasing the content on demand. 

COLL 110 

Stimuli-responsive polymer networks at surfaces that can be switched by light 

Markus Biesalski, biesalski@tu-darmstadt.de, Helge Schenderlein, Alexander Böhm, 
Melanie Gattermayer.Department of Chemistry, Technische UniversitÃ¤t Darmstadt, 
Darmstadt, Germany 

Smart polymers at surfaces that react to external stimuli are of great interest for the 
design of materials with switchable surface properties (e.g. adhesion, wetting, or 
absorption). While switching of stimulus-responsive polymers by temperature, pH or salt 
is already investigated in many scientific studies, polymers that react to other stimuli, 
such as for example light, are less frequently addressed, in particular, if these 
molecules are confined as thin polymer layers at surfaces. Here, we introduce surface-
attached Spiropyrane-polymer hydrogels that respond to light with a dynamic and 
reversible change of their chemical structure. Upon irradiation with UV-light, a reversible 



change within the lightsensitive Spiropyran-group occurs, which switches this function 
from a non-charged, hydrophobic spiropyran to a zwitterionic, hydrophilic merocyanine 
form. We will show that the latter is accompanied with a change in surface-properties, 
and thus light-switchable wetting as well as specific capture of ions by the film can be 
dynamically modulated. 

 

 
 

COLL 111 

Light-activated opening of gold-nanoparticle modified capsules 

Wolfgang J Parak, wolfgang.parak@physik.uni-marburg.de, Susana Carregal-Romero, 
Raimo Hartmann, Moritz Nazarenus.Department of Physik, Philipps UniversitÃ¤t 
Marburg, Marburg, Marburg 35037, Germany 

Polyelectrolyte capsules are modified with Au nanoparticles in their walls. Their uptake 
pathway by cells will be discussed.[1] Inside cells capusules will be opened by light-
mediated heating of the gold nanoparticles and the content from the capsule cavity is 
released. This will be used to stimulate intracellular reactions. Present state technology 
is discussed towards future in-vitro and in vivo applications. 
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COLL 112 



Layered, light-responsive polymer nanocomposites 

Svetlana A. Sukhishvili1, ssukhish@stevens.edu, Zhichen Zhu1, Erkan Senses2, Pinar 
Akcora2.Â  (1) Department of Chemistry, Chemical Biology and Biomedical Engineering, 
Stevens Institute of Technology, Hoboken, NJ 07030, United StatesÂ  (2) Department of 
Chemical Engineering and Materials Science, Stevens Institute of Technology, 
Hoboken, NJ 07030, United States 

We report on layered soft materials which exhibit programmable, nanostructure-
encoded, reversible shape changes in response to light irradiation. The use of gold 
nanoparticles grafted with a temperature-responsive polymer with layer-by-layer (LbL) 
assembly allowed placement of plasmonic structures within specific regions in the film, 
while exposure to light caused localized material deswelling by a photothermal 
mechanism. Precise localization of brush-decorated gold nanostructures within LbL 
films yielded materials allowing remotely controlled unidirectional changes in material 
swelling. We discuss the equilibrium swollen states and mechanical properties of LbL 
assemblies. Incorporation of dissimilar plasmonic nanostructures (solid gold 
nanoparticles and nanoshells) within different material strata enabled controlled 
shrinkage of specific regions of hydrogels at specific excitation wavelengths. The 
demonstrated novel ways to dynamically control nanocomposite swelling anisotropy and 
shape are potentially useful in optically manipulated functional devices. 

COLL 113 

Remote-controlled pulsed release from Layer-by-Layer engineered hydrogels 
beads 

Bruno De Geest, br.degeest@ugent.be.Department of Pharmaceutics, Ghent 
University, Ghent, / 9000, Belgium 

Microscale pulsatile release devices hold potential in different fields of application 
including drug delivery, tissue engineering, active coatings, microreactor engineering, 
microfluidics etc… In stead of opening a diffusional barrier, which is the case for most 
stimuli-responsive systems, pulsatile release systems 'eject' their payload with a certain 
momentum that allow the ejected species to be transported at higher velocities than 
would be the case by mere Brownian motion. Here we design such systems by 
engineering degradable hydrogel beads with a Layer-by-Layer coating. Dextran was 
modified with polymerizable methacrylate moieties that are connected to the dextran 
backbone via a hydrolysable carbonate ester link. Through phase separation in 
aqueous medium with at concentrated PEG solution, followed by radical polymerization 
of the pending methacrylate moieties, crosslinked hydrogel beads are obtained. Layer-
by-Layer (LbL) coating of these beads with oppositely charged polyelectrolytes and 
metal nanoparticles allows designing two types of systems depending on the dextran 
concentration in the hydrogel beads and the mechanical strength of the LbL coating. A 
first system at high dextran concentration yields exploding capsules by addition of 
alkaline medium to hydrolyze the carbonate esters. A second system a low dextran 



concentration yields light-sensitive capsules that eject their payload upon laser 
irradiation of metal nanoparticle clusters on the capsule shell. 

COLL 114 

Programming the Release Properties of Microcapsules 

Myung Han Lee1, Fuquan Tu1, Teresa Brugarolas1, Jason A Burdick2, Kolin Hribar2, 
Neha P. Kamat2, Daeyeon Lee1, daeyeon@seas.upenn.edu.Â  (1) Department of 
Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, 
Pennsylvania 19104, United StatesÂ  (2) Department of Bioengineering, University of 
Pennsylvania, Philadelphia, Pennsylvania 19104, United States 

In this work, we present programming the release properties of biocompatible and 
biodegradable poly(DL-lactic-co-glycolic) acid (PLGA) microcapsules by using water-in-
oil-in-water (W/O/W) double emulsions as templates. These microcapsules can 
encapsulate both hydrophilic and hydrophobic agents, and their release sequence can 
be “programmed” by changing the morphology of PLGA microcapsules and 
incorporating gold nanorods. The PLGA microcapsules with uniform core-shell 
morphology release the inner hydrophilic encapsulants upon near-infrared light 
irradiation, whereas snowman-like microcapsules release hydrophobic encapsulants 
under the same condition. We also demonstrate that the size of PLGA microcapsules 
can be tuned by osmotic pressure annealing. The final size of PLGA microcapsules 
depends on the initial size of inner droplets and the salt concentration of both the inner 
and the outer aqueous phases. The osmotic pressure annealing offers a straightforward 
method to control the size of microcapsules as well as the concentration of 
encapsulated species. Our findings provide critical guidelines in designing 
programmable microcapsules for various biomedical applications that require sequential 
release of agents of different polarity. 

COLL 115 

Preparation of ultra-thin cellulose nanofibril-based hollow capsules using Layer-
by-Layer deposition 

Andreas B Fall1,2, anfall@kth.se, Lars Wågberg1,2, Erdem Karabulut2.Â  (1) Wallenberg 
Wood Science Center, Royal Institute of Technology, KTH, Stockholm, Uppland 10044, 
SwedenÂ  (2) Department of Fibre and Polymer Technology, Royal Institute of 
Technology, KTH, Stockholm, Uppland 10044, Sweden 

In the field, hollow microcapsules with nanometer thin shells have been prepared by a 
sequential deposition of polymers and/or nanoparticles on different destructible 
substrates, e.g. dissolvable microparticles or at the liquid/gas interface. To make these 
capsules industrial interesting, reducing the number of deposition layers together with 
avoiding capsule collapse upon drying is a necessity. We show that this can be 
achieved by adsorbing the strong and renewable cellulose nanofibrils (NFC), anionically 



and cationicaly modified, on to dissolvable particles. In addition, to increase the shell 
toughness, the elastic biopolymer xyloglucan (XG) is deposited between each NFC 
layer. This combination of NFC and XG enables production of shells after only a few 
deposition layers, withstanding core removal and drying. 

COLL 116 

Exploring Enantioselectivity on Chirally Modified Surfaces in Ultrahigh Vacuum 

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

The mode of operation of heterogeneous chiral modifiers can be classified into those 
operating as templates, where several modifier molecules act in concert to define a 
chiral adsorption site, or one-to-one modifiers that form a docking complex between the 
modifier and a prochiral reactant. Enantioselectivity is measured by adsorbing chiral 
probe molecules onto chirally modified surfaces. Templating is illustrated using 
aminoacids on Pd(111). Scanning tunneling microscopy (STM) reveals that some 
aminoacids form tetrameric units, and others form dimers. Only those aminoacids that 
form tetramers are enantioselective implying that the tetramers act as templates. 

Naphthylethylamine (NEA) is proposed to acts as a one-to-one modifier. The interaction 
between NEA and a prochiral reactant, methyl pyruvate, is explored using STM. 
Possible docking complexes are identified using density functional theory and the 
simulated images are compared with experimental images. 

COLL 117 

Combined Non-Covalent and Chemisorption Driven Prochiral Steering of alpha-
Ketoesters at Sites Formed by Chiral Molecules on Pt(111) 

Guillaume Goubert1, Peter H McBreen1, peter.mcbreen@chm.ulaval.ca, Anton M. H. 
Rasmussen2, Katrine L. Svane2, Yi Dong1, Lemay Jean-Christian1, Vincent Demers-
Carpentier1, Bjork Hammer2.Â  (1) Department of Chemistry, University Laval, Quebec, 
Quebec G1V 0A6, CanadaÂ  (2) Department of Physics and Astronomy, Aarhus 
University, Aarhus, Denmark 

Stereodirection by chiral molecules adsorbed on Pt(111) was studied by observing the 
stereospecific binding of prochiral molecules at individual chiral sites. By combining DFT 
calculations and STM imaging it was possible to define both the regiochemistry and the 
stereochemistry of the binding interactions. We present STM measurements of the 
interaction of two representative prochiral molecules with two chiral molecules. A 
hierarchy of metal-molecule and molecule-molecule interactions are found to control the 
stereochemistry of modifier-substrate complexation. These include chemisorption into 
specific adsorption geometries, conventional H-bonding, CH…OC bonding and steric 
repulsion. Control of the binding configurations was explored by tuning the structure of 



the chiral molecule. These studies provide information and insight on heterogeneous 
asymmetric hydrogenation reactions on metal surfaces. 

COLL 118 

Asymmetric autocatalysis triggered on enantiotopic surfaces of achiral organic 
and inorganic crystals 

Kenso Soai, soai@rs.kagu.tus.ac.jp.Department of Applied Chemistry, Tokyo 
University of Science, Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan 

The origin of chirality of organic compounds has attracted broad attention. Achiral 
crystals have rarely been considered as the origin of chirality. Some achiral crystals are 
known to have enantiotopic faces. 2-(t-BuMe2silylethynyl)pyrimidine-5-carbaldehyde is 
an achiral crystal with enantiotopic faces. When vapor of diisopropylzinc was reacted 
with enantiotopic surface of the crystal, chiral pyrimidyl alkanol with the corresponding 
absolute configuration of moderate enantiomeric excess was formed. The subsequent 
asymmetric autocatalysis with amplification of ee afforded pyrimidyl alkanol with >99.5% 
ee. Moreover, enantiotopic surface of naturally occurring gypsum (calcium sulfate 
2H2O) was found to act as chiral initiator of asymmetric autocatalysis. Thus, in 
conjunction with asymmetric autocatalysis, enantiotopic surfaces of achiral organic and 
inorganic crystals work as the origin of chirality. 

COLL 119 

Adsorption and self-assembly of tetrahydroxybenzene on Cu(111) 

Katrine L Svane, ksvane@inano.au.dk, Trolle R Linderoth, Bjørk 
Hammer.Interdisciplinary Nanoscience Center, Aarhus University, Aarhus C, Denmark 

The adsorption of (1,2,4,5)-tetrahydroxybenzene on Cu(111) is investigated by density 
functional theory calculations to complement recent experimental results obtained by 
Scanning Tunnelling Microscopy(STM) and X-ray Photoelectron Spectroscopy[1]. At 
room temperature core level spectra and contrast differences in the STM images 
suggest that some of the molecules have dehydrogenated to form (2,5)-
dihydroxybenzoquinone. This is supported by calculations showing that the 
dehydrogenation reaction is energetically favourable at the experimental conditions. 

Annealing of the sample leads to a complete dehydrogenation of the molecules. The 
resulting dihydroxybenzoquinonate forms a close-packed structure and a porous metal-
coordinated network which coexist on the surface. A systematic search covering 
orientational degrees of freedom and different configurations of adatoms is conducted to 
find the detailed structures of the two overlayers. A comparison reveals that the 
energetically preferred structure depends on the coverage of the surface. 



[1] Unpublished results, F. Bebensee, Ch. Bombis, F. Masini, S. Klyatskaya, C. 
Herranz-Lancho, M. Ruben, E. Laegsgaard, F. Besenbacher, T. R. Linderoth 

COLL 120 

Guiding the formation of single-handed enantiomeric porphyrin domains using 
kinked and chiral stepped surfaces 

L. Gaby Avila-Bront, lgab@uchicago.edu, Christopher D. Fleming, Mark C. Whitfield, 
Lieve G. Teugels, S. J. Sibener.Department of Chemistry and the James Franck 
Institute, University of Chicago, Chicago, Illinois 60637, United States 

The self-assembly of nickel tetraphenyl porphyrin (NiTPP) on achiral Au(111), which 
includes randomly located kinked steps, and chiral Au(1036 1070 1035) and (1036 1035 
1070) surfaces has been studied using UHV scanning tunneling microscopy. The clean 
surfaces of the achiral and chiral gold crystals were characterized with STM. 
Subsequently, NiTPP molecules were deposited on each surface. On achiral Au(111), 
the porphyrins assemble into racemic mixtures of enantiomerically resolved domains. It 
is concluded that, on large flat terraces, intermolecular interactions are the dominant 
factor in the chiral assembly. Moreover, it is found that the chirality of the molecular 
array can be guided using the handedness of locally kinked step edges. Preliminary 
work has begun on the chiral crystal surfaces. Initial findings suggest that the chirality of 
the kinked step edges induces formation of a single-handed domain of molecules 
across a terrace. 

COLL 121 

Pasteur Revisited: Chiral Separation by Crystallization on Self-Assembled 
Monolayers 

Jie Chen, chenjie@mit.edu, Allan S Myerson.Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, United 
States 

Chiral resolution is commonly used in the pharmaceutical industry given the large 
number of chiral drug candidates. Enantiomers possess identical physical and chemical 
properties in an achiral environment but exhibit different properties in chiral 
environments, such as biological systems. Therefore a pure enantiomer is preferred 
over the racemate in many marketed dosage forms due to the potential safety and 
efficacy issues. Recently chiral surfaces based on self-assembled monolayers (SAM) 
and Langmuir-Blodgett films have been used to study the influence of functionalized 
surfaces on nucleation, polymorphism, and selective orientation of crystals, as well as 
the selective crystallization of one enantiomer or the other. In this work we revisited 
Pasteur's crystallization based chiral separation and obtained >90% pure L-glutamic 
acid by using a D-penicillamine self-assembled monolayer as the resolving auxiliary and 



manually removing enantiopure crystals identified through Raman microscopy. Identical 
conditions in bulk solutions yielded only racemic crystals. 

COLL 122 

Chiral interfaces between gold nanoclusters and thiols 

Hannu Hakkinen, hannu.hakkinen@jyu.fi.Departments of Chemistry and Physics, 
University of Jyvaskyla, Jyvaskyla, Finland 

Recent experimental and theoretical breakthroughs have revealed the atomistic details 
of the curved inorganic-organic gold-thiol interface of thiol-stabilized gold nanoclusters, 
responsible for their chiroptical acitivity. This talk focuses on the few experimentally 
resolved cases by comparing Au25, Au38, and Au102 clusters (1,2,3) and discusses 
computational predictions for Au40, Au55 and Au144 clusters. (4) Future applications of 
these interesting novel nano-materials may be realized now once their fundamental 
structure - property relationship are being uncovered. 

(1) H. Häkkinen, Chem. Soc. Rev. 37, 1847 (2008) 

(2) H. Häkkinen, Nature Chemistry 4, 443 (2012). 

(3) O. Lopez-Acevedo, H. Tsunoyama, T. Tsukuda, H. Häkkinen and C.M. Aikens, J. 
Am. Chem. Soc. 132, 8210 (2010). 

(4) S. Malola et al, submitted to JACS (2012). 

COLL 123 

Smart microgel-stabilized emulsions: Fundamental properties and applications in 
biocatalysis 

Walter Richtering1, richtering@rwth-aachen.de, Karen Geisel1, Susanne Wiese1, Antje 
Spiess2.Â  (1) Department of Physical Chemistry, RWTH Aachen University, Aachen, 
GermanyÂ  (2) Aachener Verfahrenstechnik, RWTH Aachen University, Aachen, 
Germany 

Soft, multi-sensitive thermo- and pH responsive microgels are able to stabilize oil-in-
water emulsions, the stability of which can be controlled by pH and / or temperature. 
Interfacial rheology data indicate the relevance of viscoelastic properties of the interface 
for emulsion stabilization and it is even possible to prepare stable emulsions with 
oppositely charged droplets. The structure of the microgels at the oil-water interface 
was observed in cryogenic electron microcopy and characteristic differences as 
compared to rigid particles were found: The microgels are strongly deformed at the 
interface and protrude only little into the oil phase. The microgel layer at the oil water 



interface is thus very different as compared to Pickering emulsions involving rigid 
particle stabilizers. 

Emulsion stability can be controlled via chemical composition and morphology (e.g. 
core-shell architecture) of the microgels. This allows tailoring microgel properties and 
emulsion stability for applications. As one example, we will discuss enzyme-catalysed 
reactions of oil-soluble substrates. 

COLL 124 

Understanding the Multiple Orientations of Isolated Superellipsoidal Hematite 
Particles at the Oil-Water Interface 

Stefan A.F. Bon, s.bon@warwick.ac.uk, Nicholas Ballard, Adam R. Morgan, Luke A. 
Rochford, Gabit Nurumbetov, Thomas S. Skelhon.Department of Chemistry, University 
of Warwick, Coventry, West Midlands CV4 7AL, United Kingdom 

Non-spherical particles can have the potential to adopt multiple orientations once 
adhered to a liquid-liquid interface. In this work we combine simulations and 
experiments to investigate the behaviour of an isolated microscopic hematite particle of 
superellipsoidal shape. We show that this microparticle can adopt one of three 
orientations when adhered to a hexadecane-water interface. Two of the orientations, 
and estimates for their relative populations, could be assigned to two thermodynamic 
minima on the energy landscape as generated through both free-energy minimization 
and particle trajectory simulations. The third orientation was found to correspond to a 
kinetically-trapped state, existing on certain particle trajectories in a region of a 
negligible gradient in free energy. To underpin the simulations the individual orientation 
of a set of 100 isolated particles was explored by means of scanning electron 
microscopy (SEM) using the gel trapping technique as atool. Atomic force microscopy 
(AFM) was additionally used to support the experimental findings. This is the first 
example of such a kinetic metastable state being observed for particles at liquid-liquid 
interfaces. 

for more info see: www.bonlab.info 

COLL 125 

Thermodynamically Stable Emulsions Stabilized by Janus Dumbbells 

Fuquan Tu, tufq06@gmail.com, bum jun park, daeyeon lee.Department of Chemical 
and Biomolecular Engineering, University of Pennsylvania, Philadelphia, pa 19104, 
United States 

Janus particles have two sides with different, often opposite, surface properties. Janus 
dumbbell is one type of Janus particles that consists of two partially fused spherical 
lobes. It is possible to independently control the geometry and surface wettability of 



Janus dumbbells. Janus dumbbells can also be produced in a large quantity, making 
them useful for practical applications such as emulsion stabilization. In this work, we 
calculate the free energy of emulsion formation using amphiphilic Janus dumbbells as 
solid surfactants. In contrast to kinetically stable emulsions stabilized by homogeneous 
particles, emulsion stabilized by Janus dumbbells can be thermodynamically stable. 
There also exists an optimal radius of droplets that can be stabilized by infinite or limited 
number of amphiphilic dumbbells in the continuous phase. We demonstrate that the 
optimal radius of dumbbell-stabilized droplets can be predicted based on the volume of 
the dispersed phase and the volume fraction of dumbbells in the continuous phase. We 
believe our calculation will provide guidelines for using Janus dumbbells as colloid 
surfactants to generate stable emulsions. 

COLL 126 

Carbon Dioxide-in-Water Foams Stabilized with Interfacially Active Nanoparticles 

Andrew J. Worthen1, aworthen@che.utexas.edu, Hitesh G. Bagaria1, Yunshen Chen1, 
Steven L. Bryant2, Chun Huh2, Keith P. Johnston1.Â  (1) Department of Chemical 
Engineering, The University of Texas at Austin, Austin, Texas 78712, United StatesÂ  
(2) Department of Petroleum & Geosystems Engineering, The University of Texas at 
Austin, Austin, Texas 78712, United States 

A relatively new concept for stabilizing carbon dioxide-in-water foams for enhanced oil 
recovery and CO2 sequestration is to design nanoparticles that adsorb at the interface. 
A concept of hydrophilic/CO2-philic balance (HCB) may be defined to describe the 
surface chemistry on the nanoparticles, which influences stabilization of carbon dioxide-
in-water (C/W) foams. The HCB has a large effect on the stabilities and viscosities of 
the foams. The apparent viscosity of C/W foams with fine texture (bubble sizes less 
than 100μm) increased up to 120 fold of the value without nanoparticles upon foam 
generation by shearing CO2 and water phases in a beadpack. Long-term stability of 
nanoparticle-stabilized C/W foams was also demonstrated in terms of foam resolution. 
The ability to achieve viscous and stable C/W foams with properly designed 
nanoparticles could offer an alternative to conventional surfactants. 

COLL 127 

Novel Pickering emulsions based on pH-responsive poly(tert-butylaminoethyl 
methacrylate) latexes 

Andrew J Morse1, chp09ajm@sheffield.ac.uk, Steven P Armes1, 
s.p.armes@sheffield.ac.uk, Kate L Thompson1, Damien Dupin1, Keltoum Ouzineb2, 
Peter Mills2, Ron Swart2.Â  (1) Department of Chemistry, University of Sheffield, 
Sheffield, South Yorkshire S3 7HF, United KingdomÂ  (2) Department of Surface 
Specialities, Cytec, Anderlechstraat 33, 1620 Drogenbos, Belgium 



Emulsion copolymerization of 2-(tert-butylamino)ethyl methacrylate in the presence of 
divinylbenzene cross-linker and a hydrophilic macromonomer at 70 °C afforded 
sterically-stabilized latexes at pH 9. Dynamic light scattering and scanning electron 
microscopy confirmed that relatively narrow size distributions were obtained. Lightly 
cross-linked latexes acquired cationic microgel character upon lowering the solution pH 
due to protonation of the secondary amine groups. Increasing the degree of cross-
linking led to a progressively lower effective pKa of the copolymer chains from 8.0 to 
7.3. These particles proved to be an effective Pickering emulsifier at pH 10, forming 
stable oil-in-water emulsions when homogenized with either n-dodecane or sunflower 
oil. These Pickering emulsions exhibited pH-responsive behavior: lowering the solution 
pH to 3 resulted in immediate demulsification due to the spontaneous desorption of the 
cationic microgels from the oil/water interface. Following rehomogenization at high pH, 
four successive demulsification/emulsification pH cycles could be achieved without loss 
in performance. 

COLL 128 

The effect of highly concentrated nano-colloid fluids on the interactions between 
emulsion drops 

Raymond R Dagastine1, rrd@unimelb.edu.au, Rico Tabor2, Hannah Lockie1, 
Christopher Fewkes1, Chu Wu1, Derek Y.C. Chan1, Franz Grieser1.Â  (1) Particulate 
Fluids Processing Centre, The University of Melbourne, Parkville, Victoria 3010, 
AustraliaÂ  (2) School of Chemistry, Monash University, Clayton, Victoria 3800, 
Australia 

This talk will focus on the nanoscale forces between emulsion drops in the presence of 
complex fluids formed with highly concentrated nano-colloid fluids (e.g. micelles, 
nanoparticles, micro-emulsions). Oscillating structural forces arise when nanoscale 
colloids are confined at high concentration between two approaching surfaces. Here, we 
provide direct measurements of such oscillatory structural forces between the soft 
interfaces of two emulsion droplets using atomic force microscopy. Quantitative 
comparison indicates that the deformable nature of droplets allows them to act as far 
more sensitive probes than solid spheres. In addition, the responsive nature of soft 
surfaces can give rise to unexpected behaviors not encountered in rigid systems 
including reversible aggregation/flocculation for emulsion droplets and, potentially, 
spatial ordering within concentrated emulsion phases. Recent studies on the impact of 
hydrodynamic drainage effects on the resulting force behavior as well changes of the 
aspect ratio of the nano-colloid will also be discussed. 

COLL 129 

Dynamics of Janus colloid adsorption to liquid-liquid interfaces 

Sepideh Razavi1, srazavi@che.ccny.cuny.edu, Anna Wang2, Vinothan N Manoharan2,3, 
Joel Koplik4,5, Ilona Kretzschmar1.Â  (1) Department of Chemical Engineering, City 



College of the City University of New York, New York, NY 10031, United StatesÂ  (2) 
School of Engineering and Applied Sciences, Harvard University, Cambridge, MA 
02138, United StatesÂ  (3) Department of Physics, Harvard University, Cambridge, MA 
02138, United StatesÂ  (4) Department of Physics, City College of the City University of 
New York, New York, NY 10031, United StatesÂ  (5) Benjamin Levich Institute, City 
College of the City University of New York, New York, NY 10031, United States 

The tendency of colloidal particles to reside at a fluid-fluid interface is the basis of the 
behavior of Pickering emulsions. Despite their surface activity, homogeneous colloidal 
particles are not amphiphilic in nature. In contrast, Janus particles with anisotropic 
surface wettability have the potential to be more strongly trapped at an interface if their 
adsorption leads to the contact of each hemisphere with its favored phase. As this 
preferred orientation results in restricted rotational freedom, significant increase in 
emulsion stability has been predicted by enhancing the particle amphiphilicity. Since 
these emulsions are kinetically stabilized, it is important to study the dynamics of 
amphiphilic particles approaching an interface in order to clarify whether amphiphilic 
particles have the right orientation toward the preferred phase before jumping to an 
interface or if this orientational adjustment happens once the particle is sitting at the 
interface. In spite of the vast literature on colloidal particles at interfaces, little 
information is available with respect to the dynamics of colloidal particles moving 
towards and binding to an interface. Even less is known regarding the orientation of the 
Janus particle during the insertion process. 

We have investigated the movement of Janus colloids toward the interface between two 
immiscible fluids with digital holography microscopy. Through this optical technique, we 
determine the three dimensional position of a homogenous colloidal particle as a 
function of time as it moves to the interface and relaxes toward equilibrium. 
Implementing this tool for studying the dynamics of Janus particle adsorption to an 
interface requires tracking the orientation of the particle through time. By analyzing this 
data, we obtain the cap angle as a function of the distance from the interface. In 
addition, we have also explored Janus particle adsorption to a liquid-liquid interface 
using molecular dynamics simulations and will compare the results to the experimental 
observations. 

COLL 130 

Pickering emulsions and foams stablized by highly anisotropic nanoplates 

Zhengdong Cheng, zcheng@tamu.edu, Andres F. Mejia, Juan S. Guevara, Ya-Wen 
Chang, Min Shuai.Chemical Enginering and MSEN program, Texas A&M University, 
College Station, Texas 77843, United States 

Platelets or disk-like nanoparticles are widely used as building blocks for nanostructures 
in colloidal self-assembly approach. They have found various applications in polymer 
nanocomposites, biomimetic materials,functional membranes,Pickering emulsions, and 
discotic liquid crystal studies. The shape, size, and size polydispersity of these 



nanoparticles are key factors in their applications. Systematic experiments in our lab 
revealed that regular-shaped α-zirconium phosphate crystalline disks with a size-to-
thickness ratio from 1 to 50 and size polydispersity as low as 0.2 can be obtained 
through hydrothermal treatment in 3 M to 15 M phosphoric acid solutions. Extremely 
anisotropic platelets were obtained via exfoliation of these crystals, and amphiphilic 
nanoplates (Janus and Gemini plates) were obtained by exfoliation following the 
chemical functionalization of the surfaces of the crystals. We will present the systematic 
study of the Pickering emulsions and foams stabilized with these nanoplates. 

1. “Pickering Emulsions Stabilized by Amphiphilic Nano-Sheets” A.F. Mejia, A. Diaz, S. 
Pullela, Y. Chang, M.S. Mannan, A. Clearfield, and Z. Cheng, Soft Matter , 2012, 8, 
10245-10253. 

2. “Stabilization of Pickering Foams by High- aspect-ratio Nano-sheets” J. S. Guevara, 
A. F. Mejia, Y. Chang, M. Shuai, M.S. Mannan, and Z. Cheng, Soft Matter , 2012 
(accepted). 

 

 
 

SEM of α-ZrP disks synthesized in different phosphoric acid concentrations: (a) 3M, (b) 
6M, (c) 12M, and (d) 15M. All 24 h. 

COLL 131 

Understanding droplet bridging in ionic liquid-based Pickering emulsions 

Elizabeth M Nofen, elizabeth.nofen@asu.edu, Denzil S Frost, Jared J Schoepf, Huan 
Ma, Lenore L Dai.School for Engineering of Matter, Transport and Energy, Arizona 
State University, Tempe, Arizona 85287, United States 



We report the experimental work of microparticle self-assembly in ionic liquid-based 
Pickering emulsions, with emphasis on bridged morphologies, stability, and particle 
transport. Both the morphology and stability of these emulsions differ greatly from 
previous work on conventional oil/water Pickering emulsions. The morphology of the 
previous work showed single, partially or fully covered droplets, while the water/ionic 
liquid, oil/ionic liquid, and ionic liquid/ionic liquid systems show a high degree bridging of 
the droplet phase, with the particles avoiding the droplet-continuous phase boundary. 
The existence of this morphology depends directly on the surface chemistry of the 
particles. Due to the high free energy of desorption of a particle from a Pickering 
emulsion interface, conventional oil/water emulsions can experience overall emulsion 
stability on the order of days or months. However, the emulsions containing bridged 
structures experience stability on the order of hours due to the large, buoyant bridged 
structures formed, promoting phase separation. 

COLL 132 

Anisotropic Sheet-Like Particles: Synthesis and Application as Bulk Rheology 
Modifiers and Foam Stabilizers 

Selver Ahmed1, sahmed9@ncsu.edu, Stoyan Smoukov1, Simeon D Stoyanov2, Eddie 
Pelan2, Orlin D Velev1.Â  (1) Chemical and Biomolecular Engineering, North Carolina 
State University, Raleigh, NC 27695, United StatesÂ  (2) Unilever, Research & 
Development, Vlaardingen, Unilever, Olivier van Noortlaan 120, Vlaardingen, The 
Netherlands 3133 AT, The Netherlands 

The large-scale synthesis of anisotropic particles could open the way to a rich variety of 
new systems of fundamental and applied interest. We present a scalable synthesis 
technique and discuss the materials applications of a new class of sheet-like particles 
from ethyl cellulose synthesized by a simple and flexible technique based on liquid-
liquid dispersion and anti-solvent precipitation under high shear. The size of the 
particles is in micrometer range with high aspect ratio. These sheets are hydrophobic 
and possess interesting properties such as structure modifiers and foam 
“superstabilizers”. They form intertwined protective shells around the droplets or 
bubbles. The rheology studies confirmed the extremely strong thickening behavior of 
the sheets dispersed in non-polar liquids. Only 2.0-3.0 wt.% of sheets were sufficient to 
convert non-polar liquids to gel-type of systems. Various nano- and microparticles can 
be incorporated in the polymer sheets. Composite sheets with embedded magnetic 
nanoparticles respond to magnetic field. 

COLL 133 

Learning from virus - a facile route to generate core-shell nanoparticles with 
functional protein corona 

Qian Wang, wang263@mailbox.sc.edu.Department of Chemistry and Biochemistry, 
University of South Carolina, Columbia, South Carolina 29208, United States 



The investigation of protein-polymer or protein-nanoparticle interaction is critical for the 
development of novel biomaterials and hierarchically assembled nano-architectures. 
Among them, the polymer-protein core-shell nanoparticles (PPCS-NPs) are the most 
common structures which offer many advantages in the field of medicine and energy 
applications. Here we show that PPCS-NPs can be prepared based on synergistic 
interactions between proteins and synthetic polymers, a strategy learning from virus 
assembly. This facile and versatile process can yield structural well-controlled core-shell 
structures, in which proteins stay as the corona and still maintain their original biological 
activities. A few cases studies will be presented to highlight the application potential of 
such core-shell nanostructures in drug delivery, antigen presentation and enzymatic 
reactions. 

COLL 134 

Theranostic Magnetic Core–Plasmonic Shell Star Shape Nanoparticle for the 
Isolation of Targeted Rare Tumor Cells from Whole Blood, Fluorescence Imaging 
and Photothermal Destruction of Cancer 

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

Theranostic materials are expected to improve early detection and safe treatment 
through personalized medicine. Driven by the needs, we report the development of a 
theranostic plasmonic shell–magnetic core star shape nanomaterial based approaches 
for the targeted isolation of rare tumor cells from whole blood sample, followed by 
diagnosis and photothermal destruction.<tt> Experimental data with whole blood sample 
spiked with SK-BR-3 cancer cell shows that </tt>Cy3 attached S6 aptamer conjugated 
theranostic plasmonic/magnetic nanoparticles can be used for fluorescence imaging 
and magnetic separation even in 0.001% mixtures. A targeted photothermal experiment 
using 1064 nm near IR light at 2-3 W/cm2 for 10 minutes resulted selective irreparable 
cellular damage to most of the SK-BR-3 cancer cells. We discuss the possible 
mechanism and operating principle for the targeted imaging, separation, and 
photothermal destruction using theranostic magnetic/plasmonic nanotechnology. After 
the optimization of different parameters, this theranostic nanotechnology-driven assay 
could have <tt>enormous potential for applications as </tt>contrast agent and 
therapeutic actuators for cancer. 

COLL 135 

Permeability effects on the efficiency of artificial organelles 

Iria Louzao, L.Iria@science.ru.nl, Jan C. M. van Hest.Department of Bio-organic 
Chemistry, Radboud University Nijmegen, Nijmegen, The Netherlands 



Recently, enzyme-filled polymersomes (nanoreactors) were successfully internalized in 
living cells. The polymersome permeability is a crucial property, since the membrane 
must be permeable for small molecules, but impermeable for macromolecules. 

We present the implementation of a therapeutically relevant enzymatic cascade in two 
types of polymersome-based nanoreactors to counteract oxidative stress: superoxide 
dismutase and catalase. The selected nanocontainers are known to possess different 
permeability properties. The consequences of these differences regarding the 
enzymatic activities were investigated by spectrophotometric and electrochemical 
methods. 

 

 
 

COLL 136 

Enhancing solubiity and stability of curcumin in nanoemulsions 

Khushwinder Kaur, makkarkhushi@gmail.com.Chemistry, Panjab University, 
Chandigarh, IndiaChemistry, Panjab University, Chandigarh, Panajb 1600014, India 

Phospholipid-based nanotherapeutics, such as the encapsulation of bioactive 
compounds in microemulsions and nanoemulsions, are gaining popularity as 
nutraceutical delivery systems due to their effectiveness in improving the solubility, 
stability and bioavailability of the loaded food components. Curcumin, a potential 
component of Indian diet is not only a potential anticancer but also posses remarkable 
antioxidant properties. The paper exploits the formulation of curcumin loaded o/w 
nanoemulsions by sonication method where ethyl oleate act as oil phase and Tween 80, 
soy lecithin act as emulsifiers. The particle size and stability of nanoemulsion has been 
characterized by dynamic light scattering and UV-visible studies. Attempts have also 



been made to understand the morphology of loaded nanoemulsion. Efforts have also 
been made to understand invitro digestive release and loading studies. Also, the radical 
scavenging activity in this nanoemulsion has been found to be 90%. The protein 
interaction (protein oxidation) with curcumin loaded nanoemulsion has been 
characterized by fluorescence and FTIR technique. 

COLL 137 

Fabricating injectable cell/polymer bundles for deep wound repair 

Bi-min Zhang Newby1, bimin@uakron.edu, Liya Yin2, William Chilian2, Hokyung 
Song1.Â  (1) Department of Chemical and Biomolecular Engineering, The University of 
Akron, Akron, OH 44325-3906, United StatesÂ  (2) Department of Integrative Medical 
Sciences, Northeast Ohio Medical University, Rootstown, Ohio 44272, United States 

While progress has been made, cellular injection continues to present challenges and is 
far from being effective in cell-based regenerative medicine. In this study, our goal was 
to generate small sized (width < 500 microns) and loosely packed polymeric string like 
scaffolds (i.e. micro bundles) on which cells would grow and, consequently, form 
injectable cell/polymer bundles for injection into deep wound tissue. The polymeric 
bundles were fabricated by employing a simple dewetting process under regular cell 
culture conditions. Induced vascular progenitor cells were seeded on the resulting 
polymer bundles to grow and form the cell/polymer bundles. The final cell/polymer 
bundles were able to pass through a syringe needle (gauge 20) with minimal damage to 
the cells, and a preliminary in vivo study indicated that the cell/polymer bundles, as 
compared to free cells, had better retention of cells in rat myocardium after 
intramuscular injection. 

COLL 138 

Shell crosslinked knedel-like nanoparticles for delivery of cisplatin: Effects of 
crosslinking on cellular response 

Fuwu Zhang1, fuwu.zhang@mail.chem.tamu.edu, Mahmoud Elsabahy1,2, Shiyi 
Zhang1,3, Lily Yun Lin1,4, Jiong Zou1, Karen L. Wooley1.Â  (1) Department of Chemistry 
and Department of Chemical Engineering, Laboratory for Synthetic-Biologic 
Interactions, Texas A&M University, College Station, Texas 77842, United StatesÂ  (2) 
Department of Pharmaceutics, Assiut University, Assiut, EgyptÂ  (3) Department of 
Chemistry, Washington University in St. Louis, St. Louis, Missouri 63130, United 
StatesÂ  (4) Department of Anesthesiology, Division of Critical Care Medicine, 
Children’s Hospital Boston, Harvard Medical School, Boston, Massachusetts 02115, 
United States 

Cisplatin is one of the most potent anti-cancer drugs; however, its clinical use is limited 
due to its severe side effects. We explore the potential of shell crosslinked knedel-like 
(SCK) nanoparticles as the delivery carriers for cisplatin. Towards this aim, we 



synthesized the amphiphilic block copolymer poly(acrylic acid)-b-polystyrene (PAA-b-
PS), which was then self assembled into polymeric micelles and subsequently 
transformed into SCKs by crosslinking the shell domain of the micelles via amidation 
chemistry. These micelles and SCKs contained carboxyl groups in the shell region of 
the nanostructures, which provided sites for the complexation with cisplatin. Polymeric 
micelles and SCKs were loaded with up to 48% (w/w) cisplatin. The effects of 
crosslinking were studied by comparing the release kinetics of these cisplatin-loaded 
nanoparticles in PBS, stabilities in aqueous milieu, and in vitro cytotoxicity in OVCAR-3 
ovarian cancer cell lines and RAW 264.7 mouse macrophages of micelles vs. SCKs. 
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Engineering nanoparticle surfaces for biomolecule conjugation used for protein 
crystal nucleation and nanoparticle arrangement 

Denise N Benoit, denisenbenoit@gmail.com, Vicki L Colvin.Chemistry, Rice University, 
Houston, Texas 77030, United States 

Engineering nanoparticles to self-associate with biomolecules offers a new approach to 
nucleate protein crystals and create three-dimensional arrangements of nanomaterials. 
Through adjustment to the polymer molecular weight on a nanoparticle surface the 
hydrodynamic radius, stability in buffers and interaction with nearby proteins are altered. 
Large molecular weight poly(ethylene glycol) coatings allow for weak associations 
between proteins, leading to changes in protein crystallization. In particular, they 
decrease the time to nucleation, expand the range of conditions for crystal formation 
and incorporate into the crystal. Composite crystals on the microscopic scale exhibit 
optical absorbance, fluorescence and super paramagnetic behavior derivative from the 
incorporated nanomaterials. The arrangement of nanoparticles into three dimensional 
arrays gives rise to new and interesting properties, such as fluorescence enhancement 
and varied magnetic response. Application of these results could improve crystallization 
of traditionally difficult proteins and provide a new matrix to study three dimensional 
nanoparticle arrays. 
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Single Molecule Quantum-Confined Stark Effect Measurements of Semiconductor 
Nanoparticles at Room Temperature 

KyoungWon Park1, pkw0818@gmail.com, Zvicka Deutsch2, J. Jack Li3, Dan Oron2, 
Shimon Weiss3.Â  (1) Electrical Engineering Department, University of California, Los 
Angeles, Los Angeles, CA 90095, United StatesÂ  (2) Department of Physics, The 
Weitzmann Institute, Rehovot, IsraelÂ  (3) Chemistry, University of California, Los 
Angeles, Los Angeles, CA 90095, United States 

We investigate the quantum confined Stark effect (QCSE) of various quantum dots (QD) 
on the single molecule level at room temperature. It tests QDs' voltage sensing property 



for bio & nanoscale application. This study reveals that suppressing the coulomb 
interaction between electron and hole by asymmetric type-II interface is critical for an 
enhanced QCSE. In contrast to the well-known quadratic Δlamda-F (wavelength shift-
electric field) relation in type-I QDs, asymmetric type-II QDs have roughly linear 
Δlamda-F relation.  
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Observation of Potassium Ions in Living HeLa Cells 

Jong Wan Son1, sonjongwan@gmail.com, Tomohide Takami1, Futoshi Iwata2, Koji 
Yamazaki2, Xiao Long Deng1, Eun Ji Kang1, Tomoji Kawai1, Bae Ho Park1.Â  (1) 
Department of Physics, Konkuk University, Seoul, Republic of KoreaÂ  (2) Department 
of Mechanical Engineering, Shizuoka University, Hamamatsu, Shizuoka 432-8561, 
Japan 

Ion pumps control the concentration of ions between the inside and outside of the cell 
membrane. One of the typical ion pump is 'sodium-potassium pump' that exports 
sodium ions out of the cell and imports potassium ions into the cell at the same time. As 
a result, between the inside and outside of the cell the difference of the concentration of 
sodium ions and potassium ions are formed [1]. 

In particular, the sodium-potassium pump plays an important role in the stimulation of 
the nerve cells. The stimulation of the neuron cells is propagated in the form of electrical 
signals. That signals is formed by action of sodium-potassium pump what controls the 
states of action membrane potential and resting membrane potential. 

In this study, we have measured local concentration of potassium ion in a single HeLa 
cell using a membrane prepared in glass nano-pipette probe. To observe the potassium 
ion concentration, we prepared poly(vinyl chloride) (PVC) film with ionophores in a 
nano-pipette, and the ionic currents were observed using our developed detection 
system for this study [2]. In case of dead HeLa cells, there was no difference in the ion 
concentrations between inside and outside of the cell. However, in case of living HeLa 
cells, the potassium ion concentration was approximately 100 mM higher in the cell than 
that out of the cell [3]. 



We will demonstrate the progress of our study in the similar ion concentration 
measurements in neuron cells. 

[1] J. P. Morth et al., Nature, 2007, 450, 1043. 

[2] J. W. Son et al., Appl. Phys. Lett. 2011, 99, 033701. 

[3] T. Takami et al., J. Appl. Phys. 2012, 111, 044702. 
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Insight into Antibiotic Resistance of Pseudomonas aeruginosa from the 
Structures of the Outer Membrane Proteins OprG and OprH 

Iga Kucharska, Thomas Edrington, Lukas K Tamm, lkt2e@virginia.edu.Department of 
Molecular Physiology and Biological Physics, University of Virginia, Charlottesville, VA 
22908, United States 

The outer membrane proteins OprG and OprH from Pseudomonas aeruginosa have 
been proposed to contribute to the unusual antibiotic resistance of these bacteria. In 
order to better understand their mechanism of antibiotic interaction, we have solved the 
structures of these two proteins by solution NMR spectroscopy. Both proteins form 8-
stranded beta-barrels with flexible extracellular loops. Both NMR structures were 
obtained in DHPC micelles and supplemented with data obtained in lipid bicelles 
(DMPC:DMPS:DHPC:DHPS 27:9:3:1). The structures were improved by measuring 
paramagnetic relaxation enhancements. OprH was further shown biochemically and by 
NMR to interact strongly with lipopolysaccharide through several barrel and loop 
residues [Edrington JBC286:39211]. This interaction presumably strengthens the OM 
and reduces its permeability. By contrast OprG appears to form a classic channel for 
transport of hydrophobic compounds – perhaps including antibiotics – across the OM. 

COLL 143 

Association of the T-cell antigen receptor ζ subunit with the lipid membrane: 
Affinities and structure 

Stefanie Rintoul2, Prabhanshu Shekhar1, Kerstin Zimmermann4, Lawrence J. Stern4, 
Mathias Lösche1,2,3, Frank Heinrich1,3, fheinric@cmu.edu.Â  (1) Department of Physics, 
Carnegie Mellon University, Pittsburgh, PA 15213, United StatesÂ  (2) Department of 
Biomedical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United 
StatesÂ  (3) Center for Neutron Research, NIST, Gaithersburg, MD 20899, United 
StatesÂ  (4) Department of Pathology, University of Massachusetts, Worcester, MA 
01605, United States 

The T-cell antigen receptor (TCR) is a cell surface protein complex that initiates immune 
responses upon interaction with antigens presented by the major histocompatibility 



complex. Molecular details of this transmembrane signaling process, in which the 
cytosolic signaling domain of the CD3-T cell receptor complex, TCRζ, plays a central 
role, remain unknown. We characterize the association of TCRζ with lipid membranes 
using SPR and neutron reflectometry. The binding of TCRζ to membranes rich in 
anionic lipids has a dissociation constant, Kd ∼ 10 μM. Minute amounts of 
phosphoinositides, PI(4,5,)P2, increase the affinity by more than 10-fold. NR shows the 
major portion of the peptide interfacially associated with the bilayer surface and a minor 
portion penetrating the bilayer deeply. This supports a model in which an α-helical 
containing ITAMs is aligned parallel to the membrane surface and another α-helical 
segment is inserted into the bilayer. 

COLL 144 

HIV-1 Inactivates T-Cells via Interaction Between Membrane Binding Domains of 
gp41 and the Transmebrane Domains of the T-Cell Receptor Complex: 
Implications for Therapy of Autoimmune Diseases 

Yechiel Shai, yechiel.shai@gmail.com.Department of Biological Chemistry, The 
Weizmann Institute of Science, Rehovot, Israel 

HIV infection is catalyzed by gp41 the envelope protein, which is composed of; the N-
terminal fusion peptide (FP), N-terminal heptad repeat (NHR), loop, C-terminal heptad 
repeat (CHR), pre-TM regions and the transmembrane domain (TMD). Despite 
extensive studies highlighting important steps in gp41 mediated membrane fusion, the 
molecular mechanism is not yet fully understood. Furthermore, to successfully infect 
and replicate, the virus evades immune control by using a broad array of mechanisms, 
among them the inhibition of CD4+ T-cell activity. We deciphered a novel mechanism by 
which gp41 inhibits T-cell activation via interactions between membrane-bound domains 
of gp41 and the TMDs of the T-cell receptor (TCR) complex. These include: (i) the FP, 
which binds specifically to a 9-amino acid motif within the TMD of TCRα subunit and 
interfere with the assembly of the TMDs. The FP contains a GxxxG motif which is 
crucial for this interaction. (ii) the TMD of gp41 which we found to include a nine amino-
acid motif shared by a group of different viruses, and strikingly resembles the TMD of 
TCRα. Previous studies have shown that stable interactions between TCRα and CD3 
are localized to this nine amino acid motif within TCRα. We found that the gp41 TMD 
peptide co-localizes with CD3 within the TCR complex and inhibits T cell proliferation in 
vitro. This immunosuppressive activity of gp41 membrane binding domain could be 
exploited for the design of new therapies for autoimmune diseases. 

COLL 145 

Topological transitions in membranes, apoptosis proteins, and mitochondrial 
remodeling 

Gerard C. L. Wong, gclwong@seas.ucla.edu.Bioengineering Dept., Chemistry Dept., 
CNSI, UCLA, Los Angeles, CA 90095-1600, United States 



Bcl-2 family proteins regulate apoptosis by mediating mitochondrial outer membrane 
permeabilization. <tt>They offer potential therapeutic targets to re-engage cellular 
suicide in tumor cells but </tt>an unified understanding of how anti-apoptotic Bcl-xL 
turns off pores induced by pro-apoptotic Bax remains elusive. Using synchrotron x-ray 
diffraction and microscopy in cell-free studies, we show that Bcl-xL suppressed not only 
Bax-induced pore formation, but also membrane remodeling by bacterial toxin and cell-
penetrating, antimicrobial and viral fusion peptides, none of which have BH3 domains to 
mediate direct binding. Furthermore, we show that these Bcl-2 proteins can impact the 
mitochondrial fission machinery by modifying the local Gaussian curvature of model 
mitochondrial membranes. Our results are consistent with a conceptual framework in 
which Bax, Bcl-xL, and lipids interact to produce antagonistic Gaussian membrane 
curvatures to regulate pore formation. The universal nature of curvature-mediated 
interactions allows a complementary regulation pathway alongside specific binding. 

COLL 146 

GpA dimerization in plasma membrane vesicles derived from CHO, HEK 293T, 
and A431 cells 

Kalina Hristova, kh@jhu.edu, Sarvenaz Sarabipour.Materials Science and 
Engineering, Johns Hopkins University, Baltimore, MD 21218, United States 

Plasma membrane derived vesicles, which bud off mammalian cells upon treatments 
with chemical or osmotic buffers, allows us to probe membrane proteins without the 
need for their extraction, purification, and reconsitution. Plasma membrane vesicles can 
be produced from different cell lines and with different methods, providing us with a rich 
variety of model systems that are native-like. With the new choices, however, questions 
arise as to how different the interactions between membrane proteins can be in the 
different types of vesicle preparations. Here we address this question using Glycophorin 
A (GpA) as a model. We compare the dimerization of GpA in vesicles derived from 
CHO, HEK 293T and A431 cells. In addition, we explore the effect of the vesiculation 
method on GpA dimerization. We show that the cell type and the vesiculation method 
have a very modest effect on GpA dimerization, not exceeding ~0.8 kcal/mole. The 
results suggest that the vesicles provide us with a general mammalian plasma 
membrane model for studies of membrane protein interactions. 

COLL 147 

Sulfidation and phosphorylation of 30 nm ZnO NPs: Ligand competition and 
impact on surface charge and solubility 

Rui Ma1, Clement Levard2, Gregory Victor Lowry1, glowry@cmu.edu.Â  (1) Civil and 
Environmental Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United 
StatesÂ  (2) CEREGE, France 



ZnO nanoparticles (NP) released into the 
environment can undergo a variety of transformations including sulfidation and 
phosphorylation. Transformations will 
alter the NP properties, influencing environmental fate and effects. Here, 30 
nm ZnO NPs were sulfidized with S/Zn molar ratios from 0.038 to 2.158, or in 
the presence of ratios of sulfide and phosphate ranging from 0.06 to 2.2. The 
resulting speciation was quantified using Synchrotron based Extended X-ray 
Absorption Fine Structure (EXAFS) and linear combination fitting (LCF), and the 
particle charge and dissolution rate were measured. From 5% to 100% ZnS was 
obtained with varying S/Zn ratios. Sulfidation reduced the rate and extent of 
the release of Zn2+ from the NPs; however, the effect was relatively 
small until the NPs were at least 50% sulfidized (a Zn/S ratio of 0.616). Sulfidation 
also decreased the zeta potential of the particles, giving them a pHpzc~7± 
0.5 compared to pHpzc=9.1 for ZnO. ZnS is formed over Zn3(PO4)2 
when the S/P molar ratio is greater than 0.2, however the ultimate metastable form 
of the materials depends on the redox state as predicted from thermodynamics. 

COLL 148 

Effect of monorhamnolipid biosurfactants on the dispersion properties of ZnO 
nanoparticles 

Angela R Soemo1, soemo@email.arizona.edu, Raina M Maier2, Jeanne E. 
Pemberton1.Â  (1) Department of Chemistry & Biochemistry, University of Arizona, 
Tucson, AZ 85720, United StatesÂ  (2) Department of Soil, Water, & Environmental 
Science, University of Arizona, United States 

Metal oxide nanoparticles are quickly becoming ubiquitous in industrial, manufacturing, 
and medical applications. However, the long-term impact of these nanoparticles on 
humans and the environment is unknown. One potential route of exposure is dispersion 
of aggregates into groundwater. Although such nanoparticles are generally hydrophobic 
in nature, their dispersion in aqueous media may be facilitated by dissolved dispersants 
such as biosurfactants. Exposure of ZnO nanoparticles to monorhamnolipid (mRL), a 
biosurfactant, was studied by dynamic light scattering and zeta potential measurements 
to investigate how pH, surfactant concentration, and time of exposure changed the 
solution stability of these aggregates. This behavior is further elucidated through mRL 
adsorption measurements on metal oxide thin films by ATR-FTIR. ZnO nanoparticles 
quickly aggregate and settle out of solution when no biosurfactant is present, but a 
portion of the aggregates are solution stable for up to 4 months with only small 
concentrations of mRL present. Furthermore, an inverse correlation between 
concentration of solution Zn2+ and mRL concentration was observed. 

COLL 149 



Metal and metal oxide nanomaterials in aqueous environments: A study of size, 
surface chemistry and other physicochemical properties that impact dissolution 
and aggregation 

Vicki H Grassian, vicki-grassian@uiowa.edu.Department of Chemistry, University of 
Iowa, Iowa City, IA 52242, United States 

The focus of this talk is on the behavior of metal and metal oxide nanomaterials in 
aqueous environments. In particular, chemical and physical interactions and properties, 
including size, surface chemistry and aging, that impact dissolution and aggregation will 
be presented. These studies combine solution phase quantitative adsorption and 
solubility studies with molecular-based spectroscopic measurements to provide insights 
into the dissolution and aggregation behavior of metal-based nanomaterials including 
ZnO, FeOOH and Cu. 

COLL 150 

Quantitative analysis of particle-surface interactions in aqueous environments 
using total internal reflection microscopy 

Julie L Bitter1, jlbitter@gmail.com, Gregg A Duncan2, Michael A Bevan2, D Howard 
Fairbrother1.Â  (1) Department of Chemistry, Johns Hopkins University, Baltimore, 
Maryland 21218, United StatesÂ  (2) Department of Chemical and Biomolecular 
Engineering, Johns Hopkins University, Baltimore, Maryland 21218, United States 

The detailed interactions of particles with mineral and biological surfaces in aqueous 
environments determine their ultimate fate and effect. This includes sorption and 
transport properties as well as toxicity and bioaccumulation. Here we use total internal 
reflection microscopy (TIRM), which applies state-of-the-art evanescent wave scattering 
and video microscopy techniques, to track in real time and space different engineered 
particles (silica and gold) in solution. Quantitative analysis allows us to determine the 
contribution of forces acting between a particle and a surface, which helps us to 
calculate important variables such as mean squared displacements, diffusion 
coefficients, particle size, and their stability over a range of solution conditions (i.e., pH 
and ionic strength). Findings so far include a better understanding of the silica-water 
interface and shedding new light on how rod-shaped particles interact with mineral 
surfaces present in porous media, and with biological surfaces, the latter including 
phospholipid membranes. 

COLL 151 

Fate of engineered silver nanoparticles in the environment: Dependence of core 
size and surface chemistry 

Hema L Puppala, hemap@rice.edu, Seungsoo Lee, Vicki L Colvin.Chemistry, Rice 
University, houston, texas 77005, United States 



Increased usage of silver nanoparticles (AgNPs) in commercial products underscores 
the importance of AgNPs fate in the environment. Here a model of engineered AgNPs 
stabilized with mPEG-SH (MW: 5, 10, 20 and 50 KDa) of sizes 2, 5 and 10 nm was 
chosen to study dissolution and aggregation that dictate toxicity and stability in various 
environmentally relevant high ionic strength media such as ¼ th strength hoaglands, 
hard water, bicarbonate buffer and minimal media. Grafting density of the polymer 
dominantly directed the dissolution compared to the core size. Larger grafting densities 
minimized surface oxidation, dissolution rate and prevented aggregation for at least 6 
months in contrast to the citrate stabilized AgNPs that crashed immediately after 
addition of media. Hence, this study implies that different processes in the environment 
that increase the stability of AgNPs released from commercial products can increase 
their life time which may have adverse impact on the ecosystem. 

COLL 152 

Nanoparticle-peptide interactions: Fundamental molecular understanding of the 
particle-protein interface in aqueous evironments 

Marco D. Torelli, mtorelli@wisc.edu, Thomas R. Kuech, Joel A. Pedersen, Robert J 
Hamers.Department of Chemistry, University of Wisconsin, Madison, WI 53703, United 
States 

The increased use of nanomaterials will inevitably lead to their release into the 
environment. While it has already been demonstrated that nanoscale materials can 
induce toxicity in a variety of organisms, the mechanisms of such toxicity are only 
beginning to be addressed. Entry of nanoparticles into biological systems results in the 
formation of a biomolecular “corona” around the particle. Proteins are an important 
component of such biomolecular coronas. We are using a molecular in situ based 
approach to better understand and predict how nanoparticles interact with peptides. 
As a starting point, we have employed phage display methods to selected peptides 
that strongly bind with TiO2 nanoparticles ranging in size from 5 to 20 nm. While 
the primary peptide sequences yield insight into the types of interactions available 
to the molecules, we have synthesized labeled peptides to examine the mechanisms 
of interactions with nanoparticles in aqueous environments by NMR and vibrational 
spectroscopies. The molecular understanding afforded by this approach offers insight 
into how nanoparticle binding motifs in proteins may be affected by particle size and 
composition. 

COLL 153 

Chemical Transformations of Nanosilver in Biological Environments 

Jingyu Liu1, Zhongying Wang1, zhongying_wang@brown.edu, Frances Liu2, Agnes 
Kane3,4, Robert Hurt2,4.Â  (1) Chemistry, Brown University, Providence, Rhode Island 
02912, United StatesÂ  (2) School of Engineering, Brown University, Providence, Rhode 
Island 02912, United StatesÂ  (3) Department of Pathology and Laboratory Medicine, 



Brown University, Providence, Rhode Island 02912, United StatesÂ  (4) Institute for 
Molecular and Nanoscale Innovation, Brown University, Providence, Rhode Island 
02912, United States 

The widespread use of silver nanoparticles (Ag-NPs) in consumer and medical products 
provides strong motivation for a careful assessment of their environmental and human 
health risks. Recent studies have shown that Ag-NPs released to the natural 
environment undergo profound chemical transformations that can affect silver 
bioavailability, toxicity, and risk. Less is known about Ag-NP chemical transformations in 
biological systems, though the medical literature clearly reports that chronic silver 
ingestion produces argyrial deposits consisting of silver-, sulfur-, and selenium-
containing particulate phases. Here we show that Ag-NPs undergo a rich set of 
biochemical transformations, including accelerated oxidative dissolution in gastric acid, 
thiol binding and exchange, photoreduction of thiol- or protein-bound silver to secondary 
zerovalent Ag-NPs, and rapid reactions between silver surfaces and reduced selenium 
species. Selenide is also observed to rapidly exchange with sulfide in preformed Ag2S 
solid phases. The combined results allow us to propose a conceptual model for Ag-NP 
transformation pathways in the human body. In this model, argyrial silver deposits are 
not translocated engineered Ag-NPs, but rather secondary particles formed by partial 
dissolution in the GI tract followed by ion uptake, systemic circulation as organo-Ag 
complexes, and immobilization as zerovalent Ag-NPs by photoreduction in light-affected 
skin regions. The secondary Ag-NPs then undergo detoxifying transformations into 
sulfides and further into selenides or Se/S mixed phases through exchange reactions. 
The formation of secondary particles in biological environments implies that Ag-NPs are 
not only a product of industrial nanotechnology but also have long been present in the 
human body following exposure to more traditional chemical forms of silver. 

COLL 154 

Size- and shape-dependent uptake of silica nanoparticles in Arabidopsis thaliana 

Mark H. Schoenfisch, mhs1970@yahoo.com, Danielle L. Slomberg, Yuan Lu, Angela 
D. Broadnax.Department of Chemistry, University of North Carolina at Chapel Hill, 
Chapel Hill, NC 27599, United States 

The expanding number of commercial products employing nanotechnology warrants the 
determination of nanomaterial fate, behavior, and potential toxicity in the environment. 
Silica nanoparticles (SiNPs) in particular have shown increasing prevalence in cosmetic 
and biomedical applications with researchers evaluating their use as drug delivery 
vehicles and biolabels. Researchers have started to assess SiNP toxicity to plants, with 
initial studies clearly indicating that SiNP physicochemical properties play an important 
role in phytotoxicity and uptake. Herein, we present phytotoxicity and uptake of SiNPs 
as a function of particle size (i.e., 14–200 nm) and shape (i.e., aspect ratios 1–9) using 
hydroponically grown Arabidopsis thaliana plants. Size- and shape-dependent uptake of 
the SiNPs by plants was confirmed using transmission electron microscopy (TEM) and 
inductively coupled plasma-optical emission spectroscopy (ICP-OES). Elemental 



analysis of the silica confirmed nanoparticle uptake into the roots with minimum 
translocation into other regions of the plant. Of note, the silica scaffolds were not 
phytotoxic at the concentrations tested (up to 1000 ppm) despite the significant uptake 
observed. 

COLL 155 

Dynamic surfaces: Lipid exchange between nanoparticle supported lipid bilayers 
(NP-SLBs) and vesicular lipids 

Jelena Drazenovic1, Zhenyu Lu1, Marc A Ilies2, Stephanie L Wunder1, 
slwunder@temple.edu.Â  (1) Chemistry, Temple University, Philadelphia, PA 19122, 
United StatesÂ  (2) Department of Pharmaceutical Sciences, Temple University, School 
of Pharmacy, Philadelphia, PA 19140, United States 

Nanoparticles exist in the environment as the result of natural erosion processes and 
from man-made materials that find their way into soil/water. Silica nanoparticles can be 
generated in large amounts from dilute silicate solutions in aquifers, streams, rivers 
under the influence of acidic conditions (acid rains, acid wastewaters and other 
industrially-used waters). On the other hand lipids, lipid membranes and lipid 
degradation products (fatty acids) are ubiquitously present in the environment. As a 
consequence, SiO2 nanoparticles often exist with a surrounding supported lipid bilayer 
(SLB). However, the SLB has a dynamic, not a static structure, and can exchange lipids 
with other environmental lipid sources. Further, temperature cycling can result in the 
formation of several bilayers around the nanoparticles and/or the engulfment of SLB 
aggregates. Here we present nano-differential scanning calorimetry, dynamic light 
scattering and cryo-TEM data on exchange of zwitterionic lipids between SLBs on 
nanometer SiO2 and vesicular lipids. 

COLL 156 

Concentration-modified polyparameter linear free energy relationships (pp-LFER) 
for predicting organic compound sorption on carbon nanotubes 

Qing Zhao, happyzq2002@psis.umass.edu, Baoshan Xing, 
bx@umass.edu.Stockbridge School of Agriculture, University of Massachusetts, 
Amherst, MA 01003, United States 

Adsorption of organic compounds on carbon nanotubes (CNTs), governed by 
interactions between molecules and CNTs surfaces, is critical for their fate, transport, 
bioavailability and toxicity in the environment. A set of 16 compounds for a multi-walled 
CNT (MWCNT) and 10 compounds for four different types of MWCNTs were used to 
develop a new model. This model combines pp-LFER parameters with concentrations 
to describe the compound-CNTs interactions and to predict the sorption behavior of 
chemicals on CNTs in a wide range of concentrations (over five orders of magnitude). 
The pp-LFERs index representing different interactions is found to have a good 



relationship with the equilibrium concentrations of compounds. This new approach can 
successfully interpret the relative contribution of each interaction at a given 
concentration and reliably predict sorption of various chemicals on CNTs. This approach 
is expected to help develop a better environmental fate and risk assessment model. 

COLL 157 

Transport properties and electronic structure of individual metallic nanocontacts 
on dielectric supports: A local view 

Wolf-Dieter Schneider, wolf-dieter.schneider@epfl.ch.Department of Chemical 
Physics, Fritz-Haber-Institute of the Max-Planck-Society, Berlin, Berlin 14195, 
GermanyDepartment of Condensed Matter Physics, Ecole Polytechnique FÃ©dÃ©rale 
de Lausanne (EPFL), Lausanne, Vaud 1015, Switzerland 

Contacts between metallic nanostructures and semiconducting or dielectric supports are 
expected to constitute the basic building blocks of future nanoscale electronics and 
nano catalysts. We investigate with low-temperature scanning probe techniques the 
transport properties of individual nanocontacts formed between flat metallic islands and 
their supporting substrates. The observed differential conductance spectra reveal a 
suppression at small bias voltages characteristic for the presence of dynamical 
Coulomb blockade phenomena. Calculations based on the theory of environmentally 
assisted tunneling agree well with the measurements, allowing us to determine the 
capacitances and resistances of the contacts, which depend systematically on the 
island-substrate contact area [1]. These findings facilitate quantitative investigations of 
electrical nanocontacts and are important for future studies of the physical and chemical 
properties of supported nanostructures in relation to superconductivity, magnetism, and 
catalysis [2]. 

[1] C. Brun, K.-H. Müller, I. P. Hong, F. Patthey, C. Flindt, and W.-D. Schneider, Phys. 
Rev. Lett. 108 , 126802 (2012). 

[2] X. Shao, Y. Cui, W.-D. Schneider, N. Nilius, H.-J. Freund,J. Phys. Chem. C 116, 
17980 (2012). 
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Adsorption of Organic Molecules at Metal and Metal-Oxide Surfaces: Theoretical 
Challenges, Concepts, and Insights 

Matthias Scheffler1, scheffler@fhi-berlin.mpg.de, Wei Liu1, Javier Carrasco2, Biswajit 
Santra3, Angelos Michaelides4, Alexandre Tkatchenko1, R. Schlesinger5, Yong Xu1, 
Oliver T. Hofmann1, S. Winkler6, J. Frisch5, J. Niederhausen5, A. Vollmer6, S. 
Blumstengel5, Patrick Rinke1, Fritz Henneberger5, Norbert Koch5.Â  (1) Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Berlin 14195, GermanyÂ  (2) Instituto de 
Cat�alisis y Petroleoqu��mica, CSIC, Madrid, Madrid 28049, SpainÂ  (3) Department 



of Chemistry, Princeton University, Princeton, New Jersey 08544, United StatesÂ  (4) 
Thomas Young Centre, London Centre for Nanotechnology and Department of 
Chemistry,, University College London, London, London WC1E 6BT, United KingdomÂ  
(5) Institut fÃ¼r Physik, Humboldt-UniversitÃ¤t zu Berlin, Berlin, Berlin 12489, 
GermanyÂ  (6) BESSY II, Helmholtz-Zentrum Berlin fÃ¼r Materialien und Energie 
GmbH, Berlin, Berlin 12489, Germany 

Van der Waals (vdW) interactions, level shifts, crossings, electron transfer or electron 
rearrangements are key elements in the formation of the surface chemical bond. In this 
talk I will discuss that and how these components act differently for the adsorption of 
organic molecules at metal and semiconductor (or insulator) substrates. 

Examples to be discussed include benzene molecules on (111) surfaces of Ag, Pd, Rh, 
Ir, and Au, and the adsorption of a strong molecular electron acceptor at 
semiconductor/insulator metal-oxide surfaces (example: tetrafluoro-
tetracyanoquinodimethane, F4TCNQ at ZnO surfaces). For the latter we show that the 
work function increases notably (up to ΔΦ=2 eV), even stronger than for the same 
molecule at metal surfaces. Yet, the cause of this change is qualitatively different at 
metal and at semiconductor surfaces. 

COLL 159 

Chromophores at Oxide Surfaces: Energy Alignment, Molecular Packing, and 
Electronic Pathways 

Robert A. Bartynski, bart@physics.rutgers.edu.Department of Physics & Astronomy 
and Laboratory for Surface Modification, Rutgers University, Piscataway, New Jersey 
08854, United States 

ZnTPP derivatives are attractive candidates for photoinduced electron-transfer 
mediators. Using x-ray, UV and inverse photoemission spectroscopies in conjunction 
with density functional theory (DFT) calculations, we have determined the energy 
alignment between molecular level and substrate band edges for several ZnTPP 
derivatives adsorbed on ZnO(11-20) and TiO2(110) surfaces. Similar energy alignment 
is found for all of these systems but large differences in solar cells efficiencies, likely 
due to dye/dye interaction, are observed. We have determined the molecular adsorption 
geometry of several ZnTPP derivatives at these surface using local and area-averaging 
techniques. By functionalizing the ZnTPP with phenyl groups in different ways, the 
molecules adsorb with the porphyrin macrocycle either upright or parallel to the surface. 
Upright adsorption enables molecular stacking that opens exciton delocalization 
pathways that compete with direct electron transfer to the substrate. Choosing the 
appropriate chromophore adsorption geometry is thus critical for electronic charge 
transfer pathway control. 

COLL 160 



Interfacial self-organization of organic molecules 

Klaus Wandelt, k.wandelt@uni-bonn.de.Institute of Physical and Theoretical 
Chemistry, University of Bonn, Bonn, GermanyInstitute of Experimental Physics, 
University of Wroclaw, Wroclaw, Poland 

Self-organization of organic molecules is ubiquitous in nature, and also considered a 
promising route towards technologically relevant materials. In this lecture the deposition 
and interfacial self-organization of various types of organic molecules is studied in UHV, 
in solution and in air. The characterization of the resultant structures is done in situ, i.e. 
within the respective environment, using mainly scanning probe techniques (STM, 
AFM), complemented by spectroscopic methods like XPS, XPD, and IRRAS. Specific 
examples include the adsorption of phthalocyanine molecules on a Au(110) surface in 
UHV, the deposition of viologene and porphyrine molecules on anion-modified copper 
single crystal electrode surfaces, as well as the self-assembly of lang-chain aliphatic 
alcohole ("wax" -) molecules from Lotus leaves. Besides an understanding of the 
various systems this lecture aimes at an extension of the so-called "surface science 
approach" to other ambients than UHV. 

COLL 161 

Interface Chemistry in Carbon-based Nanoelectronics 

Eric Garfunkel1, egarf@rutgers.edu, Daniel Mastrogiovanni1, Wenchun Feng1, Huixin 
He3, Leonard Feldman2, Torgny Gustafsson2, Yi Xu1, Vitaly Podzorov2.Â  (1) 
Department of Chemistry, Rutgers University, Piscataway, NJ 08854, United StatesÂ  
(2) Department of Physics, Rutgers University, Piscataway, NJ 08854, United StatesÂ  
(3) Department of Chemistry, Rutgers University - Newark, Newark, NJ, United States 

In this presentation we review selected interface chemistry issues critical in carbon-
based materials and devices. Central to the use of such materials in devices are their 
reactivity with oxygen, which can strongly affect their energy levels, transport properties, 
optical response and bonding to other materials. We report on very striking aspects of 
the light-induced oxidation of crystalline rubrene, the highest mobility organic. Although 
graphene is quite unreactive relative to many organic semiconductors, oxidation is one 
of the best ways to initiate bonding and functionalization, essential in applications. We 
discuss oxidation chemistries relevant to the exfoliation of graphite to produce 
graphene. We discuss hybrid polymer/ZnO nanostructures, showing how 
electropolymerization leads to a greatly improved bonding and film interpenetration, 
especially important in photovoltaic applications. Finally, we present new results on N 
and P at the SiC/SiO2 interface, and its relevance to future devices. 

NSF support is gratefully acknowledged. 

COLL 162 



Hydrogen production from water comparing thermal reactions over reducible 
metal oxides to photo-catalytic reactions 

Hicham Idriss1, Idrissh@sabic.com, K.A. Wahab1, Y. Al Salik1, M. Al Oufia1, S. 
Bashira1, Y-M. Choi1, V. Jovic2, G.I.N. Waterhouse2, J. Llorca3.Â  (1) SABIC Research 
Centres, Riyadh, Saudi ArabiaÂ  (2) School of Chemical Sciences, University of 
Auckland, New ZealandÂ  (3) Technical University of Catalonia, Barcelona, Spain 

Hydrogen production from water is one of the most promising methods to secure 
renewable sources for energy in general and chemical industry in particular. There are 
many methods for producing hydrogen from water and these include reducible oxide 
materials (solar thermal material)[i], combined PV/electrolysis[ii],[iii] artificial 
photosynthesis[iv] and photocatalysis[v]. At present about ½ of the total amount of 
hydrogen produced in the world (about 30 million metric tons/year) is used in the 
ammonia synthesis process. If humanity can succeed in making hydrogen from water, 
ammonia and therefore fertilizers will be made from totally renewable sources (nitrogen 
and water). In this work we are comparing two methods for making hydrogen from water 
one based on oxidation/reduction cycles of reducible oxides (solar thermal) and the 
other photocatalytic using Au-Pd/TiO2 catalysts. The extent of reduction of Ce4+ to Ce3+ 
has been found to be dramatically enhanced by the incorporation of U4+ cations within 
the CeO2 fluorite structure[vi],[vii]. The reasons for these are at present investigated at 
the experimental level using core and valence level spectroscopy and computational 
study using Density Functional Theory with PBE exchange-correlation functional and 
onsite Coulomb correction (GGA+U) to describe the localized electronic states of Ce 
ions. Evidence of increased charge localisation around Ce3+ cations is seen upon 
mixing with U4+ cations as well as a considerable decrease in the oxygen vacancy 
formation energy. Photocatalytic reactions are also studied where the plasmonic effect 
of Au together with the synergistic effect of both phases of TiO2 (rutile and 
anatase)[viii],[ix]have resulted in considerable enhancement of hydrogen production. 

COLL 163 

Single Molecule Spectroscopy of Spin State at Surfaces 

Maki Kawai, maki@k.u-tokyo.ac.jp.Department of Advanced Materials Science, 
University of Tokyo, Kashiwa, Chiba 2778561, Japan 

Molecular spin can couple with electrons of metal substrates. Depending on the 
strength of the coupling spin state of the molecule changes. Examples are given for Iron 
phthalocyanine (Fe-Pc) adsorbed on Cu, Au and Ag. With strong coupling with Cu(110) 
the spin is completely killed whereas if decoupled as on Cu(110) 2x1-O, spin survives 
with change in the direction of easy axis. On Au weak coupling leads to appearance of 
Kondo state, where a competition between the RKKY interaction affects the spin state . 
Kondo state of FePc on Au depends on the adsorption site, where the difference was 
originating from the coupling with the substrate electrons. 



COLL 164 

Oxidation and reduction of SnO2 and β-MnO2 (110), (100), and (101) Surfaces 

Anne M Chaka1, anne.chaka@pnnl.gov, Gloria E Oxford2.Â  (1) Chemical and 
Materials Sciences Division, Pacific Northwest National Laboratory, Richland, 
Washington 99352, United StatesÂ  (2) Physical Measurement Laboratory, National 
Institute of Standards and Technology, Gaithersburg, Maryland 20899, United States 

Although SnO2 and ß-MnO2 both crystallize in the rutile structure, the reactivity of their 
surfaces are very different. For SnO2, detailed spectroscopic analysis of single crystal 
surfaces combined with density functional theory (DFT) calculations, have led to a 
determination of the distinct redox behavior of the (110), (100) and (101) surfaces that is 
strongly influenced by reduction of Sn+4 to Sn+2 . For ß-MnO2, however, preparing 
suitable single crystal surfaces for experimental analysis under UHV conditions has 
been problematic. Our DFT results indicate that ß-MnO2 surfaces are easily reduced 
under UHV conditions, and the open d-shell and multiple potential oxidation states of 
Mn result in many complicated structural changes. These changes are driven by a 
balance between optimizing d-orbital occupation and minimizing steric and repulsive 
electrostatic interactions. A number of the predicted reconstructions have not yet been 
observed for rutile-type oxides. 

COLL 165 

Molecular interactions between model cell membranes and biological molecules 

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

Sum frequency generation (SFG) vibrational spectroscopy has been applied to 
investigate molecular interactions between model cell membranes and various 
biological molecules, supplemented by attenuated total reflection – Fourier transform 
infrared spectroscopy (ATR-FTIR). Solid substrate supported single lipid bilayers were 
used as model cell membranes. Protein membrane orientation of G proteins and G 
protein coupled receptor kinases were quantified. Using SFG, protein complex 
formation can be observed in situ in real time on model cell membrane. 

COLL 166 

Identifying the mechanisms for non-random sphingolipid organization in the 
plasma membrane with secondary ion mass spectrometry 

Mary L Kraft, mlkraft@illinois.edu.Department of Chemical & Biomolecular Engr, 
University of Illinois, Urbana, IL 61801, United States 



Sphingolipids and their metabolites serve both as structural components in the plasma 
membranes of eukaryotic cells, and as bioactive signaling molecules that modulate 
fundamental cellular processes. Though segregation of the sphingolipids into distinct 
membrane domains is likely essential for cellular function, the sphingolipid distribution 
within the plasma membrane and the mechanisms that regulate it are poorly 
understood. We previously reported that the sphingolipid distribution in the plasma 
membranes of intact cells could be directly imaged by using high-resolution secondary 
ion mass spectrometry (SIMS) to map the 15N-enrichment from metabolically labeled 
15N-sphingolipids on the cell surface. Our results showed that sphingolipids are enriched 
within distinct domains in the plasma membranes of fibroblast cells. Here, we use this 
SIMS approach to investigate the mechanisms that are frequently hypothesized to be 
responsible for nonrandom lipid distribution within the plasma membrane. The effects of 
cholesterol depletion, disruption of the cytoskeleton, and obstruction of membrane 
trafficking on the sphingolipid distribution within the plasma membrane will be 
presented. 

COLL 167 

Membrane organization and re-organization probed by imaging mass 
spectrometry 

Steven Boxer1, sboxer@stanford.edu, Monica Lozano1, Krishna Kumar2.Â  (1) 
Department of Chemistry, Stanford Unversity, Stanford, CA 94305, United StatesÂ  (2) 
Department of Chemistry, Tufts University, Medford, MA, United States 

We have shown that imaging mass spectrometry using a NanoSIMS can provide high 
spatial resolution information on the composition of membrane domains in supported 
lipid bilayers [Annual Review of Biophysics, 38 , 53-74 (2009)]. By careful calibration, 
composition analysis can be made quantitative down to a lateral resolution approaching 
50 nm. This method has now been extended to much more complex domains related to 
canonical raft compositions by isotopic and atom labeling each component in the 
mixture. In addition, we have reorganized components in the membrane using 
hydrodynamic flow and observed collective reorganization/co-localization as a probe of 
membrane lateral interactions relevant to clustering in cell membranes. 

COLL 168 

Artificial lipid bilayer technology development 

Jacob J Schmidt, schmidt@seas.ucla.edu.Bioengineering, UCLA, Los Angeles, 
California 90095, United States 

Artificial lipid bilayers are established for studies of reconstituted ion channels and 
membrane receptors as well as hosting sensors based on engineered pore proteins 
including potentially DNA sequencing. To expand the scope and use of these 
applications, we have worked to improve the technological aspects of lipid bilayer 



formation and measurement with respect to ease of use, robustness, parallelization, 
and automation. We have been developing applications of these technologies for 
measurement of ion channel drug potency and membrane permeability assays. 
Specifically, we have measured the conductance of TRPM8 and hERG (Kv11.1) ion 
channels in lipid bilayers while perfusing solutions containing drugs at different 
concentrations, finding its concentration-dependent change characterized by IC50 and 
EC50 values. We have been working to measure these channels in parallel and 
automated bilayer platforms. We have also developed apparatus which allows the 
artificial bilayers to be stabilized at moderate flow rates, enabling this measurement to 
be completed in < 10 minutes. We have also developed a microfluidic device which 
enables the rapid and accurate determination of the membrane permeabilities of 
chemical compounds. I will report on these results and our current work developing lipid 
bilayer platforms further. 

COLL 169 

Real-time observation of molecular transport across cell membranes by second-
harmonic scattering and fluorescence microscopy 

Hai-Lung Dai, hldai@temple.edu.Department of Chemistry, Temple University, 
Philadelphia, PA 19122, United States 

Molecular transport at the cellular membrane has been examined in real-time 
observation conditions by a combination of the surface sensitive technique Second 
Harmonic Scattering and the Fluorescence Microscopy. Time-resolved second-
harmonic scattering (SHS) enables the characterization of the adsorption density as 
well as transport rates of cationic dyes through living cell membranes. 

Dramatically different transport dynamics of malachite-green (MG) and crystal-violet 
(CV) at Escherichia coli (mc4100) and Murine erythroleukemia (MEL) cell have been 
observed. Both dyes rapidly transport through the outer membrane of E.coli whereas 
only MG, well-known to stain the outer coating of endospores, is observed to penetrate 
the cytoplasmic membrane. The MG dye on the other hand only adsorbs onto but does 
not penetrate through the MEL cell membrane. The SHS results are compared with 
observations made through time-resolved bright-field microscopy experiments in which 
the overall concentration of the dyes in the cell, including the ones at the membrane and 
inside the cell, is probed with time-resolution. 

The influence of lipid packing in the membrane, presence of ion channels, molecular 
size and charge, and membrane charge on transport kinetics will be discussed. 

COLL 170 

Phosphatidylserine asymmetry in lipid bilayers and role of translocation 



Krystal Brown, John Conboy, conboy@chem.utah.edu.Department of Chemisty, 
University of Utah, Salt Lake City, Utah 84112, United States 

The plasma membrane of eukaryotic cells contains a variety of phospholipids which are 
not equally distributed between the cytosolic and extracellular leaflets of the membrane. 
For example, the location of the negatively charged phosphatidylserine (PS) headgroup 
lipids has drastic effects on cell function, ranging from coagulation to apoptosis. The 
localization of PS in one leaflet of the membrane is governed by a complex interplay 
between kinetic and thermodynamic factors. However, the kinetics of PS exchange has 
not been studied in detail. Sum-frequency vibrational spectroscopy (SFVS) has been 
used here to measure both the compositional asymmetry and kinetics of PS and 
phosphatidylcholine (PC) lipid flip-flop in planar supported lipid bilayers composed of 
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) and 1,2-dihexadecanoyl-sn-
glycero-3-phospho-L-serine (DPPS). The transition state thermodynamics of DSPC and 
DPPS were measured at biologically relevant compositions ranging from 10 to 35 % 
DPPS. The activation thermodynamics of DSPC and DPPS and their impact on 
compositional asymmetry will be discussed in detail. 

COLL 171 

Localized Surface Plasmon Resonance Shift of Metallic Nanoparticle Assemblies 
via DNA Hybridization 

Kah Ee Fong, Lin-Yue Lanry Yung, cheyly@nus.edu.sg.Department of Chemical and 
Biomolecular Engineering, National University of Singapore, Singapore 

Metallic nanoparticles such as gold and silver are known to exhibit localized surface 
plasmon resonance (LSPR). Being able to form well defined nanoassemblies of metallic 
nanoparticles in solution phase can produce LSPR coupling and shift, which represents 
unique plasmon signature and have been used for detection of nanoassembly 
formation. While most of the existing works focus on nanoassembly formation on a 
substrate surface, here, we investigated the formation of DNA-modified gold 
nanoparticle (nAu-DNA) nanoassemblies in bulk solution to study correlations among 
the LSPR wavelength shift, the plasmon color change, and the nanoassembly structure 
(Figure 1). We observed that the hybridization percentage of the complementary 50nm 
nAu increased with rising nAu concentration, longer hybridization time, and longer 
complementary duplex DNA length. In addition, due to lower scattering yield and 
smaller surface area from 10nm nAu, the 50nm/10nm hetero-size system displayed 
limited observable LSPR shift compared to 50nm/20nm hetero-size system, which in 
turn was inferior to the 50nm/50nm homo-size system. For the hetero-size systems, 
reducing the surface density of ssDNA on the 20nm and 10nm nAu also significantly 
reduced the hybridization percentages. Overall, this study allows us to understand how 
different experimental parameters can impact the assembly of nAu-DNA probes, 
particularly the limitation in using smaller size nAu (10nm) for LSPR study. 
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Direct gram-scale chemical synthesis of pure Ag44(SR)30 cluster molecules 

Anil Desireddy1, Brian E. Conn1, Jingshu Guo1, Nuwan Kothalawala2, Amala Dass2, 
Wendell P. Griffith1, Terry P. Bigioni1, Terry.Bigioni@utoledo.edu.Â  (1) Department of 
Chemistry, University of Toledo, Toledo, OH 43606, United StatesÂ  (2) Department of 
Chemistry, University of Mississippi, Oxford, MS 38677, United States 

Nanoparticles are currently synthesized with a materials approach, similar to polymer 
chemistry, wherein the products are only approximately uniform. Ultimately, however, 
we would like to develop rational strategies to synthesize molecular nanoparticles, 
similar to organic chemistry. The first two steps have been taken: (i) showing that 
nanoparticles can indeed exist as molecules, and (ii) showing that single-sized products 
can be produced by size separations or by destroying less stable species. The latter 
methods inherently produce small quantities of product. Herein we show that it is 
possible to directly synthesize gram-scale quantities of Ag44(SR)30 molecules with 
>90% yield and with no post processing or size separations. These silver cluster 
molecules are stable for extended periods of time in solid form and in solution in 
solvents ranging from water to toluene. There appears to be no principle upper limit to 
the scale of the synthesis, which suggests that kilogram scales of pure product should 
be achievable. 

COLL 173 

Catalysis on single Au nanoparticles 

Peng Chen, pc252@cornell.edu.Department of Chemistry and Chemical Biology, 
Cornell University, Ithaca, NY 14853, United States 

This presentation will describe our work of studying Au nanoparticle catalysis at the 
single-nanoparticle level with single-molecule imaging techniques. I will present how we 
interrogate the catalytic activity, mechanism, heterogeneous reaction pathways, 



selectivity, and surface-restructuring-coupled temporal dynamics of individual Au 
nanoparticles. I will also present our latest work in imaging and resolving catalytic 
reactions on a single nanocatalyst at nanometer resolution, which maps the reactivity of 
different surface sites and uncovers diverse spatial reactivity patterns at the nanoscale. 
This spatial resolution of catalysis also enables us to probe communication of catalytic 
reactions at different locations on a single nanocatalyst, in much relation to allosteric 
effects in enzymes. 

COLL 174 

Spatially isolated and highly hybridizable DNA-gold nanoparticle nanoconjugates 
for biosensing and plasmonic applications 

Chunhai Fan, fchh@sinap.ac.cn.Laboratory of Physical Biology, Shanghai Institute of 
Applied Physics, Chinese Academy of Sciences, Shanghai, China 

Conjugates of DNA and gold nanoparticles (AuNPs) typically exploit the strong Au-S 
chemistry to self-assemble thiolated oligonucleotides at AuNPs. However, it remains 
challenging to precisely control the orientation and conformation of surface-tethered 
oligonucleotides and finely tune the hybridization ability. In this talk, I will describe a 
novel strategy for spatially controlled functionalization of AuNPs with designed diblock 
oligonucleotides that are free of modifications. We have demonstrated that poly-adenine 
(polyA) can serve as an effective anchoring block for preferential binding with the AuNP 
surface and the appended recognition block adopts an upright conformation that favors 
DNA hybridization. The lateral spacing and surface density of DNA on AuNPs can also 
be systematically modulated by adjusting the length of the polyA block. Significantly, 
this diblock oligonucleotide strategy results in DNA-AuNPs nanoconjugates with high 
and tunable hybridization ability, which form the basis of a rapid plasmonic DNA sensor. 

COLL 175 

Inorganic nanocrystals as flexible platforms for chemical reactions, sensing and 
imaging 

Hedi Mattoussi, Mattoussi@chem.fsu.edu.Department of Chemistry and Biochemistry, 
Florida State University, Tallahassee, Florida 32306-4390, United States 

Semiconductor quantum dots (QDs) along with metal nanoparticles and clusters exhibit 
unique photo-physical properties that are not shared by their bulk parent materials. Due 
to their large surface-to-volume ratios, they provide flexible platforms for arraying 
various molecules ranging from proteins and peptides to redox active molecules. The 
emission of luminescent of QDs can be highly sensitive to potential interactions with 
proximal dyes, metal complexes or metal clusters. We have developed phase transfer 
approaches to conjugate various biomolecules to CdSe-ZnS core-shell QDs, to Au 
nanoparticles, and to Au and Ag fluorescing clusters. These were rendered water-



soluble using multi-coordinating polyethylene glycol (PEG)-based ligands presenting 
one or multiple lipoic acid anchors.  

In this presentation, we describe the ligand design and introduce a new phase transfer 
strategy, based on a photochemically-driven ligand exchange, to promote the dispersion 
QDs and AuNPs in biological media. We then provide a few specific examples of hybrid 
bioconjugates and their use in sensor design and biological imaging. 

COLL 176 

Proximity immobilization of DNA aptamers for protein detection using surface 
plasmon resonance 

Balamurugan Subramanian1, suba04@lsu.edu, Steven S Soper2, David A Spivak1.Â  
(1) Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, 
United StatesÂ  (2) Department of Chemistry, University of North Carolina, Chapel Hill, 
NC 27599, United States 

Aptamers are single strand oligonucleotides, either DNA or RNA, sequences. These 
sequences are selected from very large number of random sequences by an in vitro 
iterative process, known as SELEX, to bind to the target molecules. Aptamers for metal 
ions, small organic molecules, proteins as well as whole cells were reported in the 
literature. It was shown that the binding affinity of aptamers to its target protein is equal 
and greater than the corresponding antibodies. Hence, currently there has been a great 
interest to use these artificial antibodies as an affinity reagent in biosensor for protein 
detection. Earlier we reported a procedure to optimize the immobilization of aptamer on 
sensor surface, via self-assembly, to increase the specific binding to its target protein, 
thrombin, and minimize the non-specific adsorption of other proteins. In this 
presentation we report a procedure, known as proximity immobilization, to imprint two 
aptamers, which binds at two different binding sites on the thrombin, on the gold surface 
via self-assembly. This gold surface was used as a surface plasmon resonance sensor 
surface to detect the protein binding. The resulting biosensor detects protein in the very 
low concentration range than it is possible to detect using any one of the aptamer 
biosensor alone. 

COLL 177 

Surface Enhanced Nonlinear Spectroscopy: Understading Two-Photon Molecular 
Properties 

Jon P. Camden, jcamden@utk.edu.Department of Chemistry, University of Tennessee, 
Knoxville, TN 37996-1600, United States 

The last decade has seen a resurgent interest in the exploration and utilization of 
multiphoton processes. Two photon transitions, for example, play critical roles in all-
optical switching, biological imaging, and drug delivery via two-photon cleavable lipids. 



The intersection, however, of higher-order spectroscopies with the emerging field of 
plasmonics is an unexplored frontier. Therefore, we have undertaken a systematic study 
of surface enhanced hyper-Raman scattering (SEHRS), which serves as a prototypical 
surface enhanced nonlinear spectroscopy. SEHRS demonstrates the ability to probe 
“dark” electronic states, i.e. those that are inaccessible via one-photon excitation, with 
extreme sensitivity (~10-10 M). It further provides a method to probe the properties of 
nonlinear chromophores. Such studies have highlighted the importance of non-Condon 
scattering and suggest new ways to optimize the nonlinear properties of molecules. 

COLL 178 

One phase growth of highly fluorescent PEGylated and Zwitterion functionalized 
gold nanoclusters 

Fadi Aldeek, faldeek@chem.fsu.edu, Habeeb M. A Muhammed, goutam Palui, Xin Ji, 
Naiqian Zhan, Hedi Mattoussi.Chemistry and Biochemistry, Florida State University, 
Tallahassee, Florida 32306, United States 

We have developed a new one phase synthesis to grow a set of highly fluorescent and 
multifunctional gold nanoclusters (AuNCs) using reduction of gold precursors in the 
presence of a series of multi-coordinating ligands made of lipoic acid-appended with 
either short poly(ethylene glycol) or zwitterion groups. The resulting NCs have a 
homogenous size, exhibit strong red fluorescence at ~ 750 nm with a quantum yield of ~ 
12-14 %, and long excitation lifetime of ~ 300 ns. These clusters exhibit remarkable 
colloidal stability over a broad range of biological conditions. Furthermore, our strategy 
allowed the in-situ control over the number and type of reactive groups (e.g., COOH, 
amine, or azide) per NC, making them compatibles with common biochemical 
conjugations. We will describe the synthetic method along with the optical and structural 
characterization of these clusters, and discuss their integration in biological hybrids, 
such as imaging and energy transfer processes. 

COLL 179 

Remotely-controlled folding of pre-strained polymer sheets into 3D objects 

Jan Genzer, jan_genzer@ncsu.edu.Chemical & Biomolecular Engineering, NC State 
University, Raleigh, NC 27695-7905, United States 

We discuss the conversion of 2D patterns on pre-strained polymeric sheets that can be 
folded remotely into 3D objects using an external light source. The pre-strained sheets 
shrink in-plane when heated uniformly. Here, we use a desktop printer to pattern ink the 
sheets in specific areas. Those inked regions absorb light preferentially relative to the 
rest of the sheet and heat up the sheet locally. The resulting temperature gradient 
across the thickness of the sheet induces gradual shrinkage of the sheet, which results 
in folding towards the inked side of the sheet. We study thermal shrinkage and 
rheological properties of polymer sheets under isothermal and non-isothermal heating 



combined with thermal transport and finite element modeling. We find that while 
shrinkage occurs at temperatures above ~100°C, significant shrinkage takes place at 
temperatures >~120°C. We show the folding angle can be determined by invoking both 
a simple geometric model and mechanical modeling. 

COLL 180 

Responsive soft materials in confined environments in the presence of external 
fields. 

Igal Szleifer, igalsz@northwestern.edu.Department of Biomedical Engineering and 
Department of Chemistry, Northwestern University, Evanston, IL 60208, United States 

In this presentation we will discuss recent advances in the theoretical description of soft 
materials that are responsive to changes in the environment, such as pH, ionic strength 
or the application of external fields. One of the systems that we will describe are 
nanogels formed by block copolymers of polyacid and hydrophobic blocks and the 
structural changes that occur upon variation in the pH and quality of solvent. The 
second system will be weak polyelectrolytes grafted on the surfaces of nanopores in the 
presence of small and large external electrostatic potentials. We will describe the 
coupling that exists between molecular organization and transport of ions through the 
pore, with a special emphasis on non-omhic behavior and the role of pH. The 
relationship between these systems and biological Nuclear Pore Complex will be 
discussed. 

COLL 181 

Optically reconfigurable media enabled by photosensitive surfaces 

Jonathan P Vernon2,1, jonathan.vernon.ctr@wpafb.af.mil, Svetlana V Serak3, Uladzimir 
A Hrozhyk3, Vincent P Tondiglia1,4, Timothy J White1, Nelson V Tabiryan3, Timothy J 
Bunning1.Â  (1) Air Force Research Laboratory, Wright-Patterson Air Force Base, OH 
45433, United StatesÂ  (2) Azimuth Corporation, Dayton, OH 45432, United StatesÂ  
(3) Beam Engineering for Advanced Measurements Co., Winter Park, FL 32789, United 
StatesÂ  (4) SAIC Inc., Dayton, OH 45431, United States 

Circularly polarized light was employed to write information into cholesteric liquid crystal 
(CLC) cells that were fabricated with a surface boundary layer comprised of 
azobenzene-based photoalignment material. CLCs self-organize into periodic helicoidal 
structures that selectively reflect circularly polarized light of the same handedness as 
the helices within the CLC film. Nature utilizes similar helicoidal structures for static 
coloration in the cuticle of beetles and fruit. To move from static to photodriven dynamic 
optical properties, CLC cells have a number of components (e.g., LC molecules, chiral 
dopant, substrates, alignment or “buffing” layers, and guest dyes) that may be 
substituted with (or functionalized to be) photosensitive materials in order to elicit unique 
responses to light. The effects of boundary conditions imposed by alignment layers on 



bulk CLC films are considerable. By utilizing a photosensitive material in the alignment 
layer of a CLC cell, a surface-mediated, light-controlled, reversible and reconfigurable 
method for patterning a scattering state was demonstrated. Specifically, changes in 
order/orientation of azobenzene-based material through irradiation with different 
polarization states of blue/green light induced changes in CLC texture. Such dynamic 
photodriven response has utility in remotely triggering changes in optical properties, 
exhibiting passive response to input photostimuli, and in applications where complex 
spatial patterning is needed. 

COLL 182 

Large-area patterning of the tackiness of a colloidal nanocomposite adhesive by 
sintering of nanoparticles under IR radiation 

Joseph L Keddie1, j.keddie@surrey.ac.uk, Robert Gurney1, Damien Dupin2, Elodie 
Siband3.Â  (1) Department of Physics, University of Surrey, Guildford, Surrey GU2 7XH, 
United KingdomÂ  (2) Department of Nuevos Materiales, IK4-CIDETEC, San Sebastian, 
SpainÂ  (3) Cytec Surface Specialties, Drogenbos, Belgium 

We present a simple technique to switch off the tack adhesion in selected areas of a 
colloidal nanocomposite adhesive layer. In regions that are exposed to IR radiation 
through a mask, such as gold-coated coins (shown here), the nanoparticles sinter 
together and harden the adhesive, thus destroying the tack adhesion locally. Adhesive 
island regions are defined with surrounding regions being non-tacky. The process 
enables "remote switching" of the adhesive surface at a desired position. 

 

 
 

COLL 183 



Photoactive Monolayers in Nanoporous Membranes: Applications in Light 
Activated Switches. 

Benjamin Slone, slone1632@yahoo.com, Jeffrey Fieberg, Willie Polio.Chemistry, 
Centre College, Danville, Kentucky 40422, United States 

Nanoscale pores in polymer membranes show great potential for controlled diffusion 
and other applications. A photoactive monolayer in these nanopores allows closing and 
opening of the nanopores remotely via UV-visible radiation. Azobenzene thiol molecules 
were synthesized and adsorbed onto gold-plated, conical pores that were prepared by 
chemically etching an ion damage tracked polyethylene terephthalate membrane. The 
ion current across the membrane mounted between two KCl solutions 
was measured over time at constant voltage. An isomerization of azobenzene thiol in 
the presence of UV light is accompanied by an observable change in ion current. 
Grazing angle FTIR studies on monolayers composed of azobenzene thiol mixed in a 
1:1 ratio with other thiols were performed to examine the correlation between change in 
ion current of functionalized nanopores and change in surface dipole of the functional 
monolayer. Results show that photoactive monolayers are effectual as 
functionalizing agents in these polymer based nanoswitches. 

COLL 184 

Programming Smart Macromolecular and Ferroelectric Surfaces for (Bio)Sensing 
Applications 

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

We demonstrate the use of electric field induced nanolithography (FINL) to pattern a 
range of smart polymer brush surfaces: poly(acrylic acid) (PAA), poly(N-
isopropylacrylamide) (PNIPAAm), poly(sulfobetaine methacrylate) (PSBMA), and 
poly(oligo(ethylene glycol) methyl methacrylate) (POEGMA). Our results show that FINL 
provides a powerful patterning technique that results in the localized topographical and 
chemical modification of the polymer brush surface only. The resulting chemical 
modification allows selective addressing of the brush surface with aldehyde reactive 
coupling chemistries. Furthermore we demonstrate field-induced patterninig of surface 
charge onto ferroelectric thin films (FETFs). We show that FETFs have great potential 
for biological and interfacial sensing applications in aqueous environemnts. Specifically, 
we show that FETF surface charge patterns can be used to control the lateral extent of 
electric double layer formation in dilute electrolyte solutions, with clear implications for 
field assisted particle deposition and programmed self assembly. 

COLL 185 



Morphology modulation of multi-component polymer brushes by patterned 
surfaces 

Marcus Muller, mmueller@theorie.physik.uni-goettingen.de, Fabien Leonforte.Institute 
for Theoretical Physics, Georg-August University, Goettingen, Germany 

The response of adaptive multi-component polymer brushes to different applied 
patterned surfaces, as a function of the solvent quality, grafting density of the brushes, 
and for different sets of parameters related to the applied patterns, is studied in the 
framework of Molecular Dynamics simulations of a coarse-grained model with soft, non-
bonded interactions and implicit solvent. The model is developed in order to address 
experimentally relevant, large invariant degrees of polymerization, and non-bonded 
interactions are expressed via a third-order (virial) expansion of the equation of state. 
The choice of interaction parameters mimics PAA-b-PS diblock copolymer brushes and 
PAA/PS mixed brushes. The role of the geometry and scale of the surface pattern is 
explored and related to the response of the inherent selected morphologies of the 
brushes without confinement. 

COLL 186 

Polymer brushes with triggered response 

Alexander Sidorenko, a.sidorenko@usciences.edu, Timothy P Enright, Paula 
Orens.Department of Chemistry&Biochemisty, University of the Sciences, Philadelphia, 
PA 19104, United States 

Self-adaptive behavior of mixed polymer brushes has been in the focus of intensive 
research during the last twelve years. In the classic design, the spontaneous switch of 
the brush properties occurs when one of the polymers swells up in a selective solvent 
and occupies the upper stratum of the brush while the counterpart polymer shrinks 
down. Here we aim to control the switching using an external (or remote) stimulus. In 
our design we introduce disulfide bonds to the polymer chains forming the brush. Either 
one or both polymers are cross-linked thus preventing spontaneous reconstruction. 
However, in the presence of a reducing agent the disulfide bonds are dissociated to the 
corresponding thiols and the switching is triggered. Such triggered adaptive behavior 
may open countless possibilities to design novel responsive materials and surfaces. 

COLL 187 

Surface modification of Nickel nanofibers via polymer grafting 

Yuriy Galabura1, ygalabu@clemson.edu, Anton Grigoryev2, Sergiy Minko2, Igor 
Luzinov1.Â  (1) School of Materials Science and Engineering, Clemson University, 
Clemson, SC 29634, United StatesÂ  (2) Department of Chemistry and Biomolecular 
Science, Clarkson University, Potsdam, New York 13699, United States 



The forests of high aspect ratio (magnetic and conductive) nickel nanofibers were 
manufactured electrochemically using alumina and polycarbonate membranes. Density 
of the nickel nanofibers was varied. Next, the polymer brushes were grafted to the 
surface of the nanofibers using “grafting to” method via surface bound epoxy 
functionalities. The grafting of the polymer brushes was used to bring functionality to the 
surface of the nanofibers and prevent nanofibers from permanent sticking. Specifically, 
we functionalized the head and bottom part of the fibers with grafting of different 
polymers. As a result hybrid composite nanofibers that can be actuated in external 
magnetic field with core-sheath morphology have been synthesized. 

COLL 188 

Nanowire Technology and Terawatt Challenge 

Peidong Yang, p_yang@berkeley.edu.Department of Chemistry, University of 
California, Berkeley, Berkeley, California 94720, United States 

Semiconductor nanowires, by definition, typically have cross-sectional dimensions that 
can be tuned from 2–200 nm, with lengths spanning from hundreds of nanometers to 
millimeters. After more than a decade of research, nanowires can now be synthesized 
and assembled with specific compositions, heterojunctions and architectures. This has 
led to a host of nanowire photonic and electronic devices. Because of their unique 
structural, chemical and physical properties, these nanoscopic one-dimensional 
nanostructures can also play a significant role in terawatt energy conversion and 
storage. Currently the amount of energy required worldwide is on the scale of terawatts, 
and the percentage of renewable energy in the current energy portfolio is quite limited. 
Developing of cost-effective clean technology becomes imperative. I will show two 
examples from my group, approaching this problem in two different directions. The first 
relates to saving energy, by developing nanostructured silicon thermoelectrics to do 
waste heat recovery; and the second, to develop nanostructures for solar energy 
conversion, either directly to electricity or to liquid fuels through artificial photosynthesis. 

COLL 189 

Materials for Water-Soluble Electronics 

John Rogers, jrogers@illinois.edu.Department of Materials Science and Engineering, 
University of Illinois, Urbana, Illinois 61801, United States 

A characteristic feature of modern silicon integrated circuit technology is its ability to 
operate in a stable, reliable fashion, almost indefinitely for practical purposes. Recent 
work demonstrates that carefully selected sets of materials and device designs enable a 
class of silicon electronics that has the opposite behavior -- it physically disappears in 
water or biofluids, in a controlled manner, at programmed times. This talk summarizes 
recent work on this type of 'transient' electronics technology, ranging from basic studies 
of dissolution of the key materials, to development of components and systems with 



radio frequency operation, to invention of schemes for externally 'triggering' transient 
behavior. 

COLL 190 

Charge transport across self-assembled monolayers 

George Whitesides, gwhitesides@gmwgroup.harvard.edu, Hyo Jae Yoon, Felice 
Simeone, Jabulani Barber, Martin Thuo.Department of Chemistry and Chemical 
Biology, Harvard University, United States 

Charge transport by tunneling across thin films of “insulating” organic matter is 
important in a number of biological processes (photosynthesis, respiration, many redox 
processes), and relevant to understanding charge transport in organic matter in organic 
electronics. We are developing a system for studying the physical-organic chemistry of 
charge transport across SAMs sandwiched between two metal electrodes: one silver (or 
gold), and the other a low-melting eutectic alloy of gallium and indium (“EGaIn”) with a 
surface film of Ga2O3. This junction is providing detailed (and in some instances, 
puzzling) information about current densities and rectification in this junction, and 
especially about the role of the SAM, the influence of the structure of the molecules in 
the SAM and the tunneling current, and the structure of the interfaces of the SAM with 
the electrodes. This talk will describe this system, discuss its strengths and 
weaknesses, and summarize results obtained using it. 

COLL 191 

Hollow and nested nanocrystals as catalytic nanoreactors 

A. Paul Alivisatos, APAlivisatos@lbl.gov.Department of Chemistry, Univeristy of 
California, Berkeley, Berkeley, CA 94720, United States 

We are developing new routes to prepare hallow nanocrystals and nested nanocrystals. 
In these routes, it is possible to selectively control the wall thickness and porosity. We 
are exploring the use of these multi-component nanocrystals on catalytic systems with 
enhanced properties compared to more common topologies where a catalytic particle 
rests on an open support. 

COLL 192 

Metal nanoparticle catalysts: effects of particle size and support on metal atom 
energetics, catalytic activity and sintering rates, and why these correlate 

Charles T. Campbell, campbell@chem.washington.edu.Department of Chemistry, 
University of Washington, Seattle, WA 98195-100, United States 



Many important catalysts for energy technology involve late transition metal 
nanoparticles dispersed across the surface of some support. The relationships between 
the energetic stability of late transition metal particles on oxide supports and their 
structural, electronic, chemisorption and catalytic properties will be reviewed. Oxide-
supported metal catalysts have been studied here using well-defined surfaces involving 
vapor-deposited metals on single-crystal oxide surfaces, where the metal atoms 
nucleate and grow nanoparticles. The energetic stability of the metal atoms in these 
nanoparticles has been measured as a function of particle size and support by metal 
atom adsorption calorimetry. Their small-molecule chemisorption properties and 
sintering kinetics have also been measured. We find correlations amongst the 
energetics of the metal atoms in nanoparticles, which depend both on their particle size 
their oxide support, and the strength with which they bond adsorbates, catalytic kinetics 
and sintering rates. * Work supported by DOE-OBES Chemical Sciences Division. 

COLL 193 

Crystallization, slow dynamics and kinetic arrest in dense suspensions of Janus 
and uniaxial colloids 

Kenneth S Schweizer1, kschweiz@illinois.edu, Homin Shin1, Rui Zhang2.Â  (1) 
Department of Materials Science, University of Illinois, United StatesÂ  (2) Department 
of Materials Science, Northwestern University, United States 

The rich bulk self-assembly behavior of amphiphilic Janus colloids of variable patch 
number, size and shape is studied using nonperturbative self-consistent phonon theory. 
The coupled translational and rotational contributions to the free energy and localization 
parameters are determined as a function of crystal symmetry, thermodynamic state and 
patch orientational order. In two-dimensions, diblock Janus colloids can form striped, 
modulated striped (zig-zag) and plastic crystals, and the phase diagram depends 
sensitively on Janus balance, temperature and pressure. Calculations for triblock Janus 
particles have also been performed. Coupled translation-rotation activated dynamics in 
dense fluid suspensions of homogeneous and Janus dicolloids that interact via short-
range attractions have also been studied using nonlinear Langevin equation theory. For 
larger aspect ratios, there is strong translation-rotation coupling, and repulsive glasses, 
gels and attractive glasses can form. For small aspect ratios, plastic glasses emerge, 
and translational and rotational motion strongly decouple leading to two-step relaxation. 

COLL 194 

Dielectric Effects in the Self-Assembly of Binary Colloidal Mixtures 

Erik Luijten, luijten@northwestern.edu.Department of Materials Science and 
Engineering, Northwestern University, Evanston, IL 60208, United States 

Colloidal self-assembly is often controlled by electrostatic interactions. If the colloids 
have a dielectric constant that is different than the dielectric constant of the solvent, 



polarization charges are induced at their surface. Despite the large dielectric mismatch 
encountered in typical colloidal suspensions, the computational complexity of this 
problem causes the resulting many-body effects to be generally ignored in theoretical as 
well as computational studies. To remedy this situation, we introduce an efficient 
method that properly accounts for polarization charge and apply it to study colloidal self-
assembly in binary mixtures via molecular dynamics simulations. We demonstrate that 
variation of the dielectric contrast can qualitatively alter the nature of the aggregation. 

COLL 195 

Simulating number correlation function of interacting colloidal system: a 
Brwonian Dynamics Study 

Ligang Feng, Jingfa Yang, Jiang Zhao, jzhao@iccas.ac.cn.Institute of Chemistry, 
Chinese Academy of Sciences, Beijing, China 

This study focuses on the correlation between the dynamics of individual particles in a 
dense charged colloidal system. By Brownian Dynamics simulation, the nagative 
number correlation function of these interaction colloids are calculated, which, by further 
theoretical analysis, help to extract information of the diffusion rate of the individual 
colloids (at difference time scale) and the interacting length scale between the particles. 
The simulation provide an effective appraoch of interpretating the results of multi-color 
fluorescence correlation spectroscpy, which allows particle recognition within a dense 
system. 

 
 

COLL 196 

Core-Shell Composite Particles – Synthesis, Characterization, and Application 



Lenore L. Dai, Lenore.Dai@asu.edu.School for Engineering of Matter, Transport, and 
Energy, Arizona State University, Tempe, Arizona 85287, United States 

Nanoparticles are receiving increasing attention since they have properties that are 
significantly different than those of bulk materials. Organic-inorganic composites are 
vital in biological, medical, and chemical applications. Among them, core-shell 
composite nanoparticles are a unique class of materials which are attractive for their 
potential applications as delivery vehicles (for drugs, dyes, cosmetics, ink etc.). In this 
presentation, we report the synthesis of core-shell composite nanoparticles through 
one-step Pickering emulsion polymerization. The polystyrene/poly(N-
isopropylacrylamide) (PNIPAAm)-silica core-shell nanoparticles are temperature 
sensitive, demonstrate effective drug release upon volume change, and show promising 
cytotoxicity results in prostate cancer therapy. The thermal transition temperature can 
be tuned by incorporating additional co-monomers, co-solvents, and ionic surfactants. In 
addition, we have successfully synthesized polystyrene/poly(N-isopropylacrylamide)-
gold core-shell and asymmetric composite particles. 

COLL 197 

An Extremely Robust Strategy for Functional Nanocrystals 

Zhiqun Lin, zhiqun.lin@mse.gatech.edu, Xinchang Pang, Lei Zhao, Wei Han, Xukai 
Xin.Materials Science and Engineering, Georgia Institute of Technology, Atlanta, GA 
30332, United States 

In this presentation, we report on an extremenly roubust strategy for crafting a large 
variety of functional nanocrystals with precisely controlled dimensions (i.e., plain, 
core/shell, and hollow nanoparticles) by capitalizing on a new class of amphiphilic 
unimolecular star-like block copolymers as nanoreactors. 

COLL 198 

Janus colloids and beyond 

Qian Chen, qchen@berkeley.edu.Department of Chemistry and Miller Institute for Basic 
Research in Science, University of California- Berkeley, Berkeley, California 94720, 
United StatesMaterials Sciences Division, Lawrence Berkeley National Laboratory, 
Berkeley, California 94720, United States 

We develop general guidelines for the rational design of both building blocks and 
interaction patterns of patchy colloids in liquid suspension, towards the long-term goal of 
developing the practical capability to make a colloidal structure, or any colloidal 
material, that is "assemblable". Two levels of efforts are included in this talk, first, the 
fabrication of patchy colloidal particles on demand, second, the observation and 
analysis of their self-assembly dynamics. A collection of theoretical calculation, dynamic 
simulation, and experiments is shown to demonstrate phase diagram construction and 



kinetic pathway selection. We rely throughout on the capacity, in these colloidal 
systems, to resolve the motions of individual particles in suspension by optical 
microscope. This work was done in Steve Granick's group, in collaborations with Erik 
Luijten and Xiaoming Mao. 

COLL 199 

Glassy dynamics under confinement 

Krishnan S. H.1,2, Ganapathy Ayappa1, ayappa@chemeng.iisc.ernet.in.Â  (1) 
Department of Chemical Engineering, Indian Institute of Science, Bangalore, Karnataka 
560012, IndiaÂ  (2) Current Address: Samsung Advanced Institute of Technology India 
Group, SISO Pvt.Ltd., Bangalore, Karnataka 560093, India 

A glass is formed, when a liquid is rapidly cooled below its 
melting point. Unlike a liquid, a glass is typically amorphous with characteristically slow 
atomic mobilities 
and higher viscosities. Although many materials such as polymers and silicates readily 
form glasses 
upon cooling, simpler monoatomic rare gases  
do not readily form glasses, since they prefer to pack into 
the crystalline phase. Thus forming a glass with these simple single component fluids 
has been elusive. 
In this work, we show that the non-glass forming nature of monoatomic rare gases 
can be overcome by confining the fluid between two infinite flat 
surfaces at nanometer separations. Using molecular dynamics simulations 
we observe the characteristic slowing down of the particle displacements and power law 
dependence 
of relaxation times as the system is cooled. These observations conform to mode 
coupling theory predictions, a dynamic theory used extensively to characterize the 
glassy state. 
Upon continued cooling we observe three distinct slow relaxations 
associated with a partially crystalline state of the trapped fluid. 
In addition to improving our understanding of the dynamic slowing down during glass 
formation, the implications of the study in determining the state of fluids under extreme 
confinement such as the surface force apparatus will be overviewed. 

COLL 200 

High-speed photography of encapsulated microbubbles 

Spiros Kotopoulis, Michiel Postema, michiel.postema@ift.uib.no.Department of 
Physics and Technology, University of Bergen, Bergen, Norway 

The ultrasound-induced formation of bubble clusters may be of interest as a therapeutic 
means. If the clusters behave as one entity, i.e., one mega-bubble, its ultrasonic 



manipulation towards a boundary is straightforward and quick. If the clusters can be 
forced to accumulate to a microfoam, entire vessels might be blocked on purpose using 
an ultrasound contrast agent and a sound source. We analyse how ultrasound contrast 
agent clusters are formed in a capillary and what happens to the clusters if sonication is 
continued, using continuous driving frequencies in the range 1–10 MHz. Furthermore, 
we show high-speed camera footage of microbubble clustering phenomena.  

 
 

COLL 201 

High-speed fluorescence imaging of the US-triggered release from liposome-
loaded microbubbles 

Michel Versluis, m.versluis@utwente.nl.Physics of Fluids group, University of Twente, 
Enschede, The Netherlands 

Many examples of the therapeutic application of ultrasound contrast agents 
microbubbles have emerged in the last couple of years. Various microbubble designs 
have been shown to be capable of carrying drugs to a specific region in the body and 
enhancing the uptake or delivery efficacy, in particular when drugs are loaded into 
liposomes and attached to the surface of the microbubbles [2]. Although the therapeutic 
effect has been shown, the physical mechanism behind it has not been fully clarified. An 
essential step in the process of triggered drug delivery is the release of a drug from the 
bubble surface. The release takes place at a microseconds timescale and the drugs or 
drug-carrying vesicles (order 200 nm) are too small to resolve with a standard 
microscope. Thus, it is an extremely challenging task to visualize these processes. Here 
we use high-speed fluorescence imaging to visualize the ultrasound-triggered release 
from fluorescently labeled liposome-loaded microbubbles at a frame rate of 100,000 
frames per second. 

COLL 202 

Encapsulated microbubbles for contrast ultrasound imaging and targeted drug 
delivery: Interfacial rheology of the encapsulation 

Kausik Sarkar, sarkar@gwu.edu.Mechanical and Aerospace Engineering, George 
Washington University, Washington, DC 20052, United States 

Micron-size gas bubbles encapsulated by a nanometer layer of lipids, proteins and 
surfactants are injected into a patient's body to improve ultrasound imaging. We are the 
first to propose and subsequently develop an interface model of the encapsulation--has 



an intrinsic surface rheology with surface viscosities and elasticities--that addresses the 
wide disparity of scales between the bubble size and that of the encapsulation. I will 
discuss material characterization of these contrast agents that includes determination of 
rheological properties of a contrast microbubble's encapsulation using one set of in vitro 
experiments, followed by model validation using another set. I will present a hierarchical 
approach with increasing sophistication in constitutive modeling of the encapsulation as 
warranted by the determining experiments and underlying physics. I will discuss 
subharmonic signals used for noninvasive monitoring of organ-level blood pressure, and 
explain their unusual behaviors in sharp contrast to “plausible expectations” and 
classical bubble dynamics results. 

COLL 203 

Interpreting interfacial dilatational rheology of an oscillating microscale bubble 

Shelley L. Anna, sanna@cmu.edu, Anthony P. Kotula.Center for Complex Fluids 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United States 

While numerous techniques have been developed to probe interfacial rheology, such 
methods are riddled with practical difficulties and a lack of understanding of how to 
interpret the measurements. For dilatational rheology, only methods involving purely 
spherical interfaces achieve purely dilatational deformation. These analyses commonly 
assume the Laplace equation describes the pressure jump across the oscillating 
interface, but this does not account for deviatoric stresses arising when an interface is 
deformed. Here, we derive the surface stress on an oscillating microscale spherical 
bubble, accounting for Marangoni and Gibbs stresses, transport, and intrinsic rheology, 
demonstrating that each behavior contributes separately. We compare several 
measurement methods, including a microtensiometer that we developed. We show that 
the measured dilatational modulus can depend on geometry and is not a material 
property in itself. Thus, interpretation must be undertaken carefully. 

COLL 204 

Nesting microbubbles: Influence on inertial cavitation, imaging, and cell death 

Steven Wrenn1, spw22@drexel.edu, Stephen Dicker1, Alexandra Bartolomeo1, James 
Dierkes1, Nily Dan1, Michal Mleczko2, Georg Schmitz2.Â  (1) Chemical & Biological 
Engineering, Drexel University, Philadelphia, PA 19104, United StatesÂ  (2) 
Medizintechnik, Ruhr University, Bochum, North Rhine - Westphalia 44801, Germany 

This talk reviews a microbubble construction in which one or more phospholipid-coated 
microbubbles are nested inside the aqueous core of polymeric microcapsules. The 
microbubbles comprise a sulfur hexafluoride gas core, stabilized by a 
distearoylphosphatidylcholine surfactant monolayer containing up to 8 mole% 
poly(ethylene glycol) tethers to prevent coalescence. The microbubbles, which range in 
diameter from nominally 0.5 – 2.5 microns, are further nested inside water-filled, 



poly(lactic) microcapsules with diameters of nominally 5 microns. Nesting prolongs 
microbubble longevity – from minutes to hours - upon exposure to ultrasound, raises – 
by as much as a factor of three - the peak negative pressure required for inertial 
cavitation, and essentially eliminates cell death – irrespective of pressure - in close 
proximity to cells. The method of nesting will be presented, along with results from 
inertial cavitation experiments, CaCo-2 human epithelial colorectal adenocarcinoma cell 
death studies, and temporal measurements of contrast-to-tissue ratios in gel phantoms. 

COLL 205 

Physical chemistry of lipid/lipopolymer shelled models of medical microbubbles 

Marjorie L Longo, mllongo@ucdavis.edu.Department of Chemical Engineering and 
Materials Science, University of California Davis, Davis, CA 95616, United States 

In this talk, I will reflect upon my group's investigation of the richness of physical 
chemical behavior in microbubble shells resembling the lipid/lipopolymer shells of 
certain medical microbubbles. These findings will then be related to understanding and 
engineering the performance of microbubbles. 

COLL 206 

Plasmonic Microbubbles as Dual Mode Contrast Agents with Enhanced 
Photoacoustic Generation 

Jacob Dove, jacob.dove@colorado.edu, Mark Borden, Todd Murray.Mechanical 
Engineering, University of Colorado at Boulder, Boulder, CO 80309, United States 

 

 
 

To fabricate the plasmonic microbubble, biotin functionalized, lipid-coated microbubbles 
were decorated with 5-7 nm gold avidin-nanospheres to generate gold nanoparticle-
coated microbubbles (AuMBs). Multiphoton luminescence microscopy and inductively 
coupled plasma mass spectroscopy confirmed the loading of the gold nanoparticles 
onto the microbubbles. Ultrasound images were produced from a flow-through phantom 
and confirmed the AuMBs remained acoustically active. The photoacoustic response of 
the AuMBs was characterized and a significant enhancement over free nanoparticles 
was observed. 



COLL 207 

Influence of Fabrication Method on Functional Properties of Microbubble Agents 
for Theranostic Applications 

Graciela Mohamedi1, graciela.mohamedi@eng.ox.ac.uk, Neveen A Hosney2, Paul 
Rademeyer1, Yoonjee Park3, Joshua Owen1, Tuan Pham3, Joyce Y Wong3, Marina 
Kuimova2, Eleanor Stride1.Â  (1) Department of Engineering Science, University of 
Oxford, Oxford, United KingdomÂ  (2) Department of Chemistry, Imperial College 
London, London, United KingdomÂ  (3) Department of Biomedical Engineering, Boston 
University, Boston, MA 02115, United States 

Suspensions of surfactant stabilized microbubbles are used clinically as ultrasound 
imaging contrast agents. They have been widely investigated as drug delivery vehicles 
and recent work has demonstrated their potential as multi-modality theranostic agents. 
Extensive studies have been made of the effects of the coating material and the gas 
core on microbubble characteristics but not of the effects of the processing method. The 
aim of this work was to investigate the latter. 

Surfactant coated microbubbles were produced using either sonication or in a specially 
designed microfluidic device. The microstructure of the bubbles was observed using 
fluorescence lifetime imaging (FLIM), and environmental SEM. The method of bubble 
generation was found to significantly affect the characteristics of the bubble surface, 
bubble stability and their acoustic response. The results demonstrate that the 
processing method affects not only the bubble size distribution but also other 
characteristics important for biomedical applications. 

COLL 208 

Thermodynamics of perfluorocarbon microbubble phase-change agents 

Paul A Mountford, paul.mountford@colorado.edu, Shashank R Sirsi, Mark A 
Borden.Mechanical Engineering, University of Colorado, Boulder, Boulder, CO 80309-
0427, United States 

Microbubbles for contrast enhanced ultrasound imaging are limited to intra-vascular 
transport because of their size (1-10 um) relative to gaps in the endothelial wall (e.g. 
100-750 nm in leaky tumors).1 Phase-change-agents (PCAs) utilize a liquid-to-gas 
phase change to convert a nanodroplet capable of extravasation to a microbubble, 
which provides ultrasound contrast. Methods to produce PCAs include microbubble 
condensation.2 To better understand the thermodynamics of PCA behavior, we have 
constructed experimental pressure-temperature condensation phase diagrams.  
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COLL 209 

Nanoscale design of self-cleaning surfaces that manipulate and kill bacteria 

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

In contrast to materials that release compounds that kill bacteria, contact antimicrobial 
surfaces do what they sound like: they kill the bacteria that they touch. Contact 
antimicrobial surfaces are therefore economical from the perspective of expensive 
antimicrobial compounds, with the additional benefits of minimal toxicity and a lack of 
dosing issues (or depletion of compound with time.) A challenge, however, is that the 
cationic functionality necessary to ensure intimate microbe-surface contact and to afford 
killing is responsible for retention of dead bacteria, which then form a breeding ground 
for further biofilm growth. Here we investigate the utility of clustering cationic charge in 
nanoscale elements: By concentrating adhesive and antimicrobial functionality on 
otherwise nonadhesive surfaces we demonstrate selective bacterial capture, 
surprisingly high killing efficiencies at low levels of functionalization, and bacterial 



release. The possible mechanism, especially in terms of charge density and surface 
topography are further explored. 

COLL 210 

Anti-bioadhesion on Hierarchically Structured, Superhydrophobic Surfaces 

Jie Zhao, Weihua Ming, wming@georgiasouthern.edu.Department of Chemistry, 
Georgia Southern University, Statesboro, GA 30460, United States 

We have successfully prepared hierarchically structured, superhydrophobic surfaces, 
with single-, dual-, and triple-scale roughness, via a layer-by-layer (LbL) particle 
deposition approach. The dual-/triple-scale structured surfaces demonstrated more 
pronounced water repellency than their single-scale counterpart. These 
superhydrophobic surfaces, especially the triple-scale structured surface, exhibited 
significantly reduced protein adsorption. The superhydrophobic surfaces can also 
markedly reduce platelet adhesion and activation; in particular, platelet adhesion was 
completely suppressed on the triple-scale structured surface. By synergistically tuning 
surface chemistry and topography, the hierarchically structured surfaces may become 
an attractive platform for a range of biomedical applications. 

COLL 211 

Thiol-reactive self-reporting surface as template for biomolecules 

Carlo Nicosia, c.nicosia@utwente.nl, Jordi Cabanas-Danes, Dorothee Wasserberg, 
Pascal Jonkheijm, Jurriaan Huskens.Molecular nanofabrication group, University of 
Twente, Enschede, Overijssel 7522NB, The Netherlands 

Simple and easily accessible methods to fabricate versatile multi-protein arrays with 
control not only over the specificity of the immobilization but also over the orientation of 
each of the immobilized proteins are in great demand in nanotechnology and life 
sciences. 

Reactive and fluorescent reporter monolayers, i.e. monolayers that have some reactive 
moiety at the head-group that allows simultaneous anchoring and visualization of the 
product of immobilization, are extremely useful for (bio)molecular (nano)fabrication. 

The current presentation focuses on a new strategy for the simultaneous detection and 
immobilization of thiols. An orthogonally modified coumarin has been used to fabricate a 
fluorogenic reactive monolayer platform on glass, for the covalent and selective 
immobilization of thiols. The platform properties in terms of reactivity, selectivity, 
sensitivity and co-localization towards thiols have been assessed. Adopting 
multifunctional orthogonal covalent and non-covalent immobilization strategies we 
demonstrate the direct oriented ligation of proteins onto the self-reporting fluorogenic 
reactive monolayer. 



COLL 212 

Comparative study of protein adsorption, conformation, and binding at PEG and 
PolySBMA interfaces 

Jiang Wu1,2, woody870402@hotmail.com, Chao Zhao2, Qiuming Wang2, Lingyan Li2, 
Shenfu Chen1, Jie Zheng2.Â  (1) Department of Chemical and Biological Engineering, 
Zhejiang University, Hangzhou, Zhejiang 310027, ChinaÂ  (2) Department of Chemical 
and Biomolecular Engineering, The University of Akron, Akron, Ohio 44325, United 
States 

Hydrophilic poly(ethylene glycol) (PEG)- and zwitterionic poly(sulfobetaine 
methacrylate) (pSBMA)-based materials have been widely used in drug-delivery 
systems due to their super-lowfouling capacity. However, molecular interactions 
between proteins and these two polymers remain elusive, although both polymers can 
achieve similar antifouling performance. Here, we develop systematic ways to examine 
and compare the conformational changes and surface binding of different proteins (BSA 
and Lysozyme) upon interacting with PEG and pSBMA materials using multiple 
spectroscopic techniques including NMR, AFM, SPR, and ATR-FTIR. It was observed 
that polymer-induced conformational change of proteins affects the activity and binding 
of adsorbed proteins. Additionally, we also investigate the effects of polymer molecular 
weights and polymer concentrations on protein-polymer interactions. This work provides 
new insights into the fundamental understanding of protein-polymer interactions 
underlying protein catalysis, protein engineering and design, and protein drugs. 

COLL 213 

Design & fabrication of a 3D pillar electrode array for transduction of retinal 
responses 

Brittany A Branch2,3, bbranch@unm.edu, Yoontae Hwang2, Jennifer L. Schei1, Andrew 
M Dattelbaum2, Dimiter Petsev4, John S George1.Â  (1) Physics, Los Alamos National 
Laboratory, United StatesÂ  (2) Center for Integrated Nanotechnologies, Los Alamos 
National Laboratory, United StatesÂ  (3) Department of Nanoscience & Microsystems 
Engineering, The University of New Mexico, United StatesÂ  (4) Department of 
Chemical Engineering, The University of New Mexico, United States 

In the past several decades there has been a tremendous effort in the development of 
hybrid biological-electronic sensor systems that allow a more comprehensive 
understanding of the retina. Current techniques of neural sensing employ electrode 
arrays that are typically large in size and utilize direct current measurements, leading to 
limited resolution and retinal tissue damage. The work presented here shows a novel 
sensing approach and development of a prototype device that relies on capacitive 
coupling between unique 3D semiconductor electrode probes and neural tissue to 
measure electrical activity in the retina due to light stimulation. Specifically, design and 
microfabrication of the semiconductor device is described and interfacing of this device 



with retina is demonstrated. The work being presented provides a base for 
implementation of semiconductor probe technologies in robust (bio)molecular sensing 
devices that study the dynamic function of retinal-neuronal networks. 

COLL 214 

Laser light scattering measurement of polymer directed calcium phosphate 
biomineralization 

Jing Ye, Dongbo Wang, Sheng Lin-Gibson, slgibson@nist.gov.Biomaterials Group, 
NIST, Gaithersburg, MD 20899-8543, United States 

Polyelectrolytes and proteins containing acidic moieties, such as carboxylate, are 
important in biomimetic calcium phosphate (CaP) mineralization during bone/teeth 
formation. However, the precise role of charged polymers remains elusive largely due to 
experimental difficulties associated with measuring transient nanostructures. This study 
combines dynamic and static laser light scattering to determine how two polymers 
containing pendent carboxylate functionalities direct aggregation and subsequent 
assembly in collagen matrix. We show that the polymer structure can alter the CaP 
aggregation mechanism, whereas the polymer concentration strongly influences the 
rate of CaP aggregation. These results provide important cues for bottom up assembly 
of polymer directed CaP biominerals. 

COLL 215 

A click-switch for cell adhesion, migration or shape change 

Stijn F. M. van Dongen1,2, ENS@stijnvandongen.nl, Julie Janvore2, Paolo Maiuri2, 
Emmanuelle Marie1, Christophe Tribet1, Matthieu Piel2.Â  (1) Department of Chemistry, 
Ã‰cole Normale SupÃ©rieure, Paris, ÃŽle-de-France 75005, FranceÂ  (2) Department 
of Systems Biology of Cell Division and Cell Polarisation, Institut Curie, Paris, ÃŽle-de-
France 75005, France 

We present a readily accessible strategy for creating protein-resistant surfaces that 
contain azides, based on spontaneous adsorption of a comb-like copolymer. Using a 
strain-promoted azide alkyne cycloaddition, we illustrate the single-step conjugation of 
various representatives of important applications: the labeling with small organic 
molecules, capture of nanoparticles, attachment of native enzymes at a controlled 
density, and control of cell adhesion. Through the simple addition of a functional peptide 
to cell culture medium, our substrates' cell-adhesive properties can be switched on 
demand, allowing dynamic studies. This powerful technique allowed diverse 
applications. We demonstrate rapid cell adhesion following peptide addition, and 
studied triggered spreading using various cell lines. Experiments were performed at the 
single cell level, but also on the collective level. Using pattern-in-pattern techniques, we 
explored substrate-wide triggered cell shape change and patterned coculturing as 
promising applications of this versatile yet accessible strategy. 



COLL 216 

Reactive Monolayers:Templates for Biomolecules and Interfaces for Technology 

Jurriaan Huskens, j.huskens@utwente.nl.Molecular Nanofabrication group, University 
of Twente, MESA+ Institute for Nanotechnology, Enschede, The Netherlands 

Self-assembled monolayers have been the workhorse for nanotechnology since a few 
decades. They constitute an interface and “interphase” between a substrate and the 
“outside world”. Their functions have progressed into ever increasing added value 
including molecular recognition, molecular construction, biomolecular orientation, 
electronic transport, signalling, etc. 

Reactive monolayers, i.e. monolayers that have some reactive moiety at the headgroup 
that allows further functionalization, form a subclass that is extremely useful for 
molecular (nano)fabrication. The reactivity of such monolayers can be the same or 
drastically different than of their solution analogs. 

The current presentation focuses on examples that range from biomolecular templates 
to technological applications. The development of reactive platforms that signal 
attachment reactions occurring onto them is useful for biomolecular arrays. Examples 
will be shown of protein patterns, using a thiol-reactive platform. Surface gradients are 
being developed and used to address and map reactivity profiles on surfaces on 
reactive monolayers. 

COLL 217 

Multilayering of pseudo-polyelectrolytes 

Ronny Priefer, ronny.priefer@wne.edu.Department of Pharmaceutical Sciences, 
Western New England University, Springfield, MA 01119, United States 

The use of weak polyelectrolytes in multilayer polymer systems provides a means of 
altering the physicochemical properties of these thin films. We have examined the limits 
of the polyanions by incorporating the pseudo-polyelectrolytes (pPE), poly(4-
vinylphenol) (PVPh), into multilayer systems with either the weak polyelectrolyte (WPE), 
poly(allylamine hydrochloride) (PAH) and the strong polyelectrolyte (SPE), 
poly(diallyldimethylammonium chloride) (PDADMAC). Since PVPh exhibits moderate 
antimicrobial ability, we tested these multilayered systems to determine their 
antimicrobial profile. For the PDADMAC/PVPh coatings, >70% inhibition of growth of S. 
epidermidis was observed at an assembly pH of 10.5 and 11.0. We have also been able 
to exploit the lowered pKa of the alcohol, poly(norbornenylhexafluoroisopropylmethyl 
alcohol) (HFIPA), and successfully multilayered with both PAH and PDADMAC. These 
films are remarkable thick and are very hydrophobic. We have also introduce another 
pPE into this field; poly(4-vinylbenzeneboronic acid) (PVBBA), which is being evaluated 
as part of a breathalyzer apparatus for diabetes. 



COLL 218 

pH-Dependent interfacial refolding and transmembrane insertion of proteins 

Mauricio Vargas-Uribe, Alexander Kyrychenko, Mykola V Rodnin, Cassandra Field, 
Alexey S Ladokhin, aladokhin@kumc.edu.Biochemistry and Molecular Biology, The 
University of Kansas Medical Center, Kansas City, KS 66160, United States 

The conversion of a protein structure from a water-soluble to membrane-inserted form is 
one of the least understood cellular processes. Examples include the cellular action of 
various bacterial toxins and colicins, tail-anchor proteins and multiple proteins of the 
Bcl-2 family, regulating apoptotic response in the cell. In our lab we study diphtheria 
toxin (DT) T-domain, which undergoes conformational change in response to 
endosomal acidification, inserts into the lipid bilayer and translocates its own N-terminus 
and the attached catalytic domain of the toxin across the membrane. Our goal is to 
describe at the molecular level the mechanisms of acid-induced conformational 
switching of the DT T-domain, which serves as a model for membrane 
insertion/translocation transitions of structurally related proteins. Here we present our 
progress toward this objective, including structural, kinetic and thermodynamic 
characterization of the insertion pathway of the DT T-domain using various 
spectroscopic tools (FCS, FRET, fluorescence lifetime quenching, CD etc.). We 
compare the mechanism of pH-triggered membrane insertion of the T-domain, to that of 
the anti-apoptotic regulator BCL-XL, which has a similar solution fold. Supported by NIH 
GM069783. 

COLL 219 

Assembly of functional high density lipoprotein 

Vinod K Mishra, vmishra@uabmc.edu, Mayakonda N Palgunachari, G M 
Anantharamaiah.Department of Medicine, University of Alabama at Birmingham, 
Birmingham, AL 35294, United States 

High density lipoprotein (HDL) associated paraoxonase-1 (PON1) is crucial for the anti-
oxidative, anti-inflammatory, and anti-atherogenic properties of HDL. Discoidal 
apolipoprotein (apo)A-I:1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 
complexes have been shown to be most effective in binding PON1, stabilizing it, and 
enhancing its lactonase and inhibitory activity of low density lipoprotein (LDL) oxidation. 
Human apoA-I contains 243 amino acids. Based on our earlier studies demonstrating 
that apoA-I mimetic peptide 4F forms discoidal complexes with lipid, we hypothesized 
that lipid complexes of 4F would be able to bind PON1, increase its stability, and 
improve its activity. To test our hypotheses, a recombinant PON1 was expressed in 
Escherichia coli and purified. Our preliminary studies with rPON1 have shown 
significant increase, compared to the control, in the paraoxonase activity in the 
presence of 4F:POPC complex. We propose that discoidal lipid complexes of apoA-I 



mimetic peptides are novel platforms for PON1 binding, increasing its stability, and 
enhancing its activity. 

COLL 220 

Self-assembling cyclic peptide nanotubes for treating atherosclerosis 

Luke J. Leman, lleman@scripps.edu, Yannan Zhao, Tomohiro Imura, Bruce E. 
Maryanoff, M. Reza Ghadiri.Department of Chemistry, The Scripps Research Institute, 
La Jolla, CA 92037, United States 

There has been great interest in developing new therapies for atheroscleosis, 
particularly involving the modulation of high-density lipoproteins (HDL). We report the 
discovery of self-assembling amphiphilic cyclic peptides that bind and functionally 
modulate HDLs. The cyclic peptides remodel mature human plasma HDLs into lipid-
poor HDLs, which are the initial acceptors of cholesterol in reverse cholesterol transport. 
Structure-activity relationship studies of the peptides suggest a unique sequence-
dependent charge distribution and the requirement for peptide self-assembly processes 
in the mechanism of action. One of the peptides was found to be active in vivo (mice) in 
remodeling plasma HDLs for up to eight hours. In a two-week follow-up study involving 
daily oral administration of the peptide to mice fed a high-fat diet, total plasma 
cholesterol levels were reduced by greater than 50% compared to controls. Thus, cyclic 
peptides can serve as a new approach for developing supramolecular agents to treat 
lipid disorders. 

COLL 221 

Proteins on the edge (of the lipid bilayer); the structure of NOGO 

Melanie J Cocco1, mcocco@uci.edu, Sheeja Vasudevan1, Jessica Schulz1, Chunyi 
Zhou1, Jonathan Bandong1, Rosemarie Vithayathil1, Gregory A Weiss2.Â  (1) Molecular 
Biology and Biochemistry, University of California, Irvine, CA 92697, United StatesÂ  (2) 
Chemistry, University of California, Irvine, CA 92697, United States 

Myelin growth inhibitors and their common receptor have been identified as targets in 
the treatment of spinal cord injury and stroke. We have determined the NMR structure 
of one of the myelin growth inhibitors, the neurite outgrowth inhibitor (Nogo). We studied 
the structure of this protein alone and in the presence of dodecylphosphocholine 
micelles to mimic the natural cell membrane environment. Using several paramagnetic 
probes, we have defined portions of the growth inhibitor that are accessible to solvent 
(and consequently the Nogo receptor). Mutagenesis probed through phage-display 
confirms that the positions predicted to be extra-cellular are sensitive to receptor 
binding. More recently, we have found a site for specific lipid binding on Nogo. We 
calculated the optimal protein-protein interface between our structure of Nogo and the 
Nogo receptor. With these data we predict that residues (28-58) are available to bind 
the Nogo receptor which is entirely consistent with functional assays. 



COLL 222 

Membrane binding and regulation of the PTEN tumor suppressor 

Siddharth S. Shenoy1, Frank Heinrich1,3, Hirsh Nanda1,3, Arne Gericke4, Alonzo H. 
Ross5, Mathias Lösche1,2,3, quench@cmu.edu.Â  (1) Department of Physics, Carnegie 
Mellon University, Pittsburgh, PA 15213, United StatesÂ  (2) Department of Biomedical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, United StatesÂ  (3) 
Center for Neutron Research, NIST, Gaithersburg, MD 20899, United StatesÂ  (4) 
Department of Chemistry and Biochemistry, Worcester Polytechnic Institute, Worcester, 
MA 01609, United StatesÂ  (5) Department of Biochemistry and Molecular 
Pharmacology, University of Massachusetts Medical School, Worcester, MA 01605, 
United States 

PTEN, the PI3K antagonist in the PI3K/Akt signaling pathway, performs its phosphatase 
activity on PI(3,4,5)P3 at the plasma membrane-cytoplasm boundary. We performed 
neutron reflection studies and show that the enzyme scoots peripherally on the 
membrane. The PTEN crystal structure fits the neutron-scattering length density (nSLD) 
distribution well, thereby suggesting a low-resolution structure of the protein-membrane 
complex. All-atom MD simulations support this model by reproducing the experimental 
nSLD and revealing detailed structural and dynamical aspects of PTEN membrane 
binding. Comparison with simulations in solution show differences in the organization of 
PTEN's unstructured C-terminus, thus suggesting a mechanism for the regulation of 
PTEN membrane association. They also quantify subtle differences of the structures of 
the protein in a crystal, in solution and after membrane binding. Together, these results 
provide a reference structure for a critically important cell signaling enzyme on a fluid 
membrane. 

COLL 223 

Interferometric nonlinear vibrational spectroscopy probes of solvent and 
adsorbate structure on mineral surfaces 

Paul A. Covert, Dennis K. Hore, dkhore@uvic.ca.Department of Chemistry, University 
of Victoria, Victoria, BC V8W 3V6, Canada 

A detailed characterization of organic molecule adsorption on mineral surfaces is a 
fundamental step towards understanding subsequent reactivity in soils, oceans, and the 
atmosphere. Mineral surfaces serve to sequester molecules, alter their conformation, 
and orient them. This orientation not only accounts for their specific interaction with and 
affinity for the mineral, but also governs which chemical functional groups they present 
to the environment. At the same time, the role of solvent in determining this structure 
cannot be underestimated as the bulk-phase solvation shell must adapt to the interfacial 
environment. Equally important, structured water on the minerals is a key characteristic 
of the surface molecules encounter early in the adsorption process. Over the last 
decade, visible-infrared sum-frequency generation (SFG) spectroscopy has garnered 



attention as it combines excellent specificity for interfacial adsorbate and water 
molecules, and offers a high degree of structural sensitivity. While SFG spectra serve 
as fingerprints for mineral-water-adsorbate interactions, it remains a challenge to 
quantify the underlying structure owing to the complexity of the spectra. Phase-resolved 
SFG makes a significant contribution towards overcoming this challenge as structural 
features are more prominent in the real and imaginary spectral profiles. This talk will 
outline some of our recent efforts at interferometric SFG spectroscopy of water and 
organic adsorption at mineral surfaces. 

COLL 224 

Effects of Anions on Heterogeneous Hydrous Fe(III) Oxides Precipitation on 
Quartz 

Yandi Hu, huyandi@gmail.com, Young-Shin Jun.Department of Energy, Environmental 
& Chemical Engineering, Washington University in St. Louis, saint louis, Missouri 
63130, United States 

Simultaneous homogeneous and heterogeneous precipitation of hydrous Fe(III) oxides 
on (102) quartz surface were studied with 10-4 M Fe(III) at pH = 3.7, in nitrate, chloride, 
and sulfate solutions. Small angle X-ray scattering (SAXS)/grazing incidence SAXS, 
atomic force microscopy, and dynamic light scattering measurements were conducted. 
In all systems, the sizes of the precipitates on quartz were smaller than those in 
solution. In the sulfate system, fast growth and aggregation occurred, leading to large 
particle formation. In nitrate and chloride systems, initially, fast heterogeneous 
nucleation occurred. Then, nucleation, growth, and aggregation occurred in the nitrate 
system, whereas Ostwald ripening occurred in the chloride system. In the nitrate 
system, the total particle volume on quartz surface was 10 times more than that in the 
chloride system. This study provides new important information of anion effects on the 
heterogeneous hydrous iron oxide precipitation, which helps understand pollutant 
transport in the environment. 

COLL 225 

Fe(II) Interactions with Hematite (alpha-Fe2O3) Prepared by Atomic Layer 
Deposition 

Franz Geiger, geigerf@chem.northwestern.edu.Chemistry, Northwestern, Evanston, IL 
6, United States 

Iron oxides are a ubiquitous class of compounds that are involved in many biological, 
geological, and technological processes, and the Fe(III)/Fe(II) redox couple is a 
fundamental transformation pathway. However, the study of iron oxide surfaces in 
aqueous solution by powerful spectroscopic techniques has been limited due to 'strong 
absorber problem'. In this work, atomic layer deposition (ALD) thin films of 
polycrystalline a-Fe2O3 were analyzed using the Eisenthal χ(3) technique, a variant of 



second harmonic generation (SHG) that reports on interfacial potentials. By determining 
the surface charge densities at multiple pH values, the point of zero charge was found 
to be 5.5+/-0.3. The interaction of aqueous Fe(II) at pH 4 and in 1 mM NaCl with ALD-
prepared hematite was found to be fully reversible, and to lead to about four times more 
ferrous iron ions sorbed per cm2 than on fused silica surfaces under the same 
conditions. The data are consistent with a recently proposed conceptual model for net 
Fe(II) uptake or release that is underlain by a dynamic equilibrium between Fe(II) 
adsorbed onto hematite, electron transfer into favorable surface sites with attendant 
Fe(III) deposition, and electron conduction to favorable remote sites that release and 
replenish aqueous Fe(II). 

COLL 226 

Reduction of U(VI) at biological and mineral surfaces: mechanisms and factors 
controlling the speciation of U(IV) 

Maxim I. Boyanov1, mboyanov@anl.gov, Drew E. Latta1, Bhoopesh Mishra2, Edward J. 
O’Loughlin1, Kenneth M. Kemner1.Â  (1) Biosciences Division, Argonne National 
Laboratory, Argonne, IL 60439, United StatesÂ  (2) Department of Physics, Illinois 
Institute of Technology, Chicago, IL 60616, United States 

The solubility of uranium, a radionuclide contaminant at many sites, is highly dependent 
on its valence state and speciation. Transformation of U(VI) to U(IV) under reducing 
conditions can decrease U solubility due to nanoparticulate uraninite precipitation 
(UO2); however, recent evidence suggests that U(IV) often occurs in environmental 
solids as complexed species, e.g. labile precipitates or surface-adsorbed U(IV) atoms. 
We will present examples of U(VI) reduction by bacteria (Geobacter, 
Anaeromyxobacter), by minerals (magnetite, green rust), and by natural sediments 
where we identified complexed U(IV) species using synchrotron x-ray spectroscopy 
(XANES, EXAFS). Detailed studies of U(VI) adsorption to carboxyl-functionalized 
colloids (surrogates for organic surfaces) and subsequent reduction by Fe(II) oligomers 
or AH2DS indicate that the presence of trace phosphate or titanium prevent uraninite 
formation by inner-sphere complexation to U(IV). We will also show how observed U(IV) 
speciation suggests differences between gram-positive and gram-negative bacteria in 
their cell-wall electron transfer mechanisms to U(VI). 

COLL 227 

Effect of salt and pH on the water/silica interface 

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

Although many environmental processes depend on solvent interactions at 
mineral/water interfaces, our fundamental understanding is still evolving. For example, 
while aqueous ionic strength influences silica surface charge and dissolution, the role of 



solvent in these processes is unclear. In-situ vibrational Sum-Frequency Generation 
(vSFG) spectroscopy and dynamics of water/silica interfaces at various pH and ionic 
strengths reveal that the impact of ions on interfacial water strongly depends on pH. The 
effect of salt on vSFG is strongest at near neutral pH, correlating with the effect of salt 
on silica surface charge and dissolution described by the 'surface charge sensitivity' 
model. vSFG provides experimental evidence for the critical role of interfacial water 
arrangement on chemical reactivity at the solid-liquid interface. 

COLL 228 

Investigation of silica-water interfaces using forced dewetting coupled with 
optical spectroscopies 

Jeanne E Pemberton, pembertn@u.arizona.edu, Anoma Mudalige, Piotr 
Macech.Department of Chemistry and Biochemistry, University of Arizona, Tucson, AZ 
85721, United States 

Forced dewetting is a strategy for physical isolation of ultrathin regions of the solid-fluid 
interface that can be probed directly with optical spectroscopies. Under the proper 
conditions, this approach results in residual thin films whose thicknesses are in the nm 
regime and are dictated by long range as opposed to hydrodynamic forces. These thin 
films allow examination of the interfacial region without spectral interference from bulk 
solution. In this presentation, forced dewetting studies are described in which the 
thicknesses and interfacial molecular structure of interfacial water layers at model silica-
water interfaces are probed as a function of pH using ellipsometry and photoelastic 
modulation-infrared reflection absorption spectroscopy (PM-IRRAS). The thicknesses of 
these residual interfacial water layers are pH dependent and vary from 6 nm at pH 1 to 
9 nm at pH 5.6. These differences are rationalized on the basis of electrostatic 
contributions to the long range forces dictating residual film formation from pH-
dependent silica surface charges. The PM-IRRAS results indicate that the interfacial 
water layer is significantly more ordered than bulk solution in solutions of any pH. 

COLL 229 

In situ probe of interfacial energies for CaCO3 heterogeneously nucleated on 
environmentally relevant substrates 

Young-Shin Jun1, ysjun@seas.wustl.edu, Alejandro Fernandez-Martinez2,3, Yandi Hu1, 
Qingyun Li1, Glenn A. Waychunas2.Â  (1) Department of Energy, Environmental and 
Chemical Engineering, Washington University, St. Louis, MO 63130, United StatesÂ  (2) 
Earth Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, 
United StatesÂ  (3) Maison des Geosciences, ISTerre, St. Martin d'Heres, France 

The precipitation of carbonate minerals is widely studied due to its importance in marine 
and sedimentary environments, industrial processes, and geoengineering (e,g., 
geologic CO2 sequestration). However, little is known about the thermodynamic factors 



controlling the extent of heterogeneous nucleation at mineral surfaces exposed to the 
fluids in environmental systems. In this study, we probed CaCO3 nucleation on pristine 
quartz (100) surfaces in solution and with nanoscale resolution, by using an in situ 
grazing incidence small angle X-ray scattering technique. By measuring nucleation 
rates at different solution supersaturations, we could obtain an effective CaCO3/quartz 
interfacial free energy value of a' = 36 ± 5 mJ/m2 for heterogeneous nucleation. This 
observation allows quantitative kinetics analysis, and ultimately will lead to precipitation 
volume estimates that are readily usable in predicting carbonation in many chemical 
processes and in improving reactive transport models. 

COLL 230 

Spectroscopic Studies of Molecular Adsorption and Aggregation at Solid/Liquid 
Interfaces 

Robert A. Walker, rawalker@chemistry.montana.edu, B. Lauren Woods, Eric A. 
Gobrogge, Stefan M. Piontek, Heather S. Blanchard.Department of Chemistry and 
Biochemistry, Montana State University, Bozeman, MT 59717, United States 

Solutes in solution have a choice. They can either remain solvated in the solvent or they 
can adsorb to a surface. Should solutes adsorb, they might form a terminal monolayer 
that inhibits further adsorption, or solutes might continue to accumulate leading to the 
formation of aggregates and/or multilayers. Using TIR-fluorescence and 2nd order 
nonlinear optical spectroscopy, we examine how subtle changes in solute structure, 
solvent identity and substrate composition control molecular adsorption and film 
formation at solid/liquid interfaces. Both steady state and time-resolved data show that 
strong, multi-dentate association between solutes and silica substrates promote 
formation of terminal monolayers, while weaker, sterically-hindered solute-substrate 
interactions generally lead to multilayer formation. These results can also be affected by 
the identity of the solvent, with aprotic solvents being more likely to enhance film 
formation beyond the terminal monolayer limit. In some instances, multilayer growth can 
create new species having markedly different photophysical properties. 

COLL 231 

Reactivity of Surface Species on Mixed-Oxides: Structural Dependence of Si 
Reactivity in Alumosilicates 

Yi Yang, yangyi@wustl.edu, Yujia Min, Young-Shin Jun.Department of Energy, 
Environmental & Chemical Engineering, Washington University, St. Louis, Missouri 
63130, United States 

The kinetics of water-rock interactions are regulated by the reactivities of mineral 
surface species. For mixed-oxides such as alumosilicates, the same surface species 
(e.g., silanol) may present different reactivities due to the variation of neighboring atoms 
in their solid matrix. In this study, the reactivity differences of Si in feldspars were 



characterized in terms of Si release rates. Dissolution experiments were conducted at 
pH ~1.8 for eight natural feldspar samples, differing in interstitial cation and anorthite 
content. The degree of Al-Si ordering of the samples were characterized using Fourier 
transform infrared spectroscope (FTIR) and synchrotron-based X-ray powder diffraction 
(HR-XRD) and used to interpret the observed Si reactivity difference. A combination of 
theoretical analysis and experimental results suggested that the random substitution of 
Al for Si in T2 sites affected the reactivity of Si more significantly than substitutions in T1 
sites. 

COLL 232 

Optical absorption and photoconductivity in epitaxial α-CrxFe2-xO3 films 

Scott A Chambers1, sa.chambers@pnnl.gov, Sara E Chamberlin1, Tiffany C Kaspar1, 
Mark E Bowden1, V. Shutthanandan1, Yong Wang1, Peter V Sushko2.Â  (1) 
Fundamental and Computational Sciences Directorate, Pacific Northwest National 
Laboratory, Richland, Washington 99352, United StatesÂ  (2) Department of Physics 
and Astronomy and London Centre for Nanotechnology, University College London, 
London, United Kingdom 

Cr2O3 and Fe2O3 are both wide-gap insulators with bulk band gaps of 2.2 and 3.3 eV, 
respectively. CrxFe2-xO3 alloys might be expected to exhibit band gaps that scale 
monotonically with x between these two end-member values, as occurs with Si-Ge 
alloys. We show that contrary to this expectation, epitaxial films of CrxFe2-xO3 prepared 
by molecular beam epitaxy exhibit a direct gap that bows downward to a minimum of 
~1.8 eV at x = 0.5, as determined by optical absorption spectroscopy. Photoconductivity 
measurements of the band gap are in progress and thus far agree with the optical 
absorption data quite well. DFT + U calculations of the optical excitation energies have 
also been carried out and reproduce the experimental trend rather well, provided the 
magnetic structures of the alloys are accurately accounted for. Band gap lowering this 
far into the visible is of significant interest for solar light harvesting and photocatalysis. 

COLL 233 

Polarity in low dimensions 

Claudine NOGUERA, claudine.noguera@insp.jussieu.fr, Jacek Goniakowski.Institut 
des Nanosciences de Paris, CNRS, Paris, France 

Polar surfaces present an electrostatic instability requiring substantial charge density 
modifications to become stable. Microscopic compensation processes have been 
extensively studied in the last decades[1]. Recently it has become clear that polarity 
also concerns nano-objects, but that the relevant electrostatic forces and the response 
they induce differ from the known ones and the influence of the substrate becomes 
critical. We will exemplify polarity effects in nano-objects of various dimensionality, size 



and shapes: ultra-thin films, two-dimensional nano-ribbons and islands and we will 
highlight some new features of polarity at the nanoscale [2,3]. 

[1] J. Goniakowski, F. Finocchi, C. Noguera, Rep. Prog. Phys. 2008 71, 016501 

[2] J. Goniakowski, C. Noguera, L. Giordano, Phys. Rev. Lett 2004 93, 215702; 2007 98 
205701 ; Phys. Rev. B2010 81, 205404 

[3] J. Goniakowski, J. Noguera, Phys. Rev. B 2011 83, 115413 ; Phys. Rev. B 2009 79, 
155433 ; Chem Rev accepted 

COLL 234 

Oxide Surfaces 

Laurence Marks, L-marks@northwestern.edu.Materials Science and Engineering, 
Northwestern University, Evanston, IL 60201, United States 

Oxide surfaces are an important frontier, with numerous applications in areas ranging 
from catalysis to oxide electronics. Despite this, our understanding of oxide surfaces is 
relatively primitive. There is a large body of evidence indicating that many oxide 
surfaces reconstruct with large unit cells, making elemental metals or semiconductors 
look simple. Indeed, the simplest perovskite SrTiO3 has many more reconstructions 
than silicon. Using techniques based upon careful collection of diffraction data coupled 
with detailed DFT analyses we have made substantial progress in understanding these 
surfaces over the last few years. For instance, we used a multi-technique solution for a 
series of reconstructions on the SrTiO3 (110) surface as well as a large reconstruction 
on SrTiO3 (001). In this presentation I will give an overview of these surfaces, as well as 
some newer information that shows just how complicated oxide surfaces can be. 

COLL 235 

Atomic structure and reactivity of ferroelectric surfaces: BaTiO3 (001) 

Dawn Bonnell, bonnell@lrsm.upenn.edu.The University of Pennsylvania, Philadelphia, 
pa 19104, United States 

Surface interactions of ferroelectric compounds are crucial to applications ranging from 
information storage to catalysis; however, they are inherently difficult to study at the 
atomic level. This talk will report the reconstructions of BaTiO3 (001) surfaces, describe 
the electronic structure and thermodynamic stability of several representative structures, 
compare the effects of ferroelectric polarization on chemical reactivity, and show the 
effect of surface overlayers on the stability of surface steps. These results are based on 
experimental surface analysis ( STM, STS, LEED, AES, TPD, etc) and first principles 
theory. 



COLL 236 

Oxide materials at the 2-D limit 

Falko P. Netzer, falko.netzer@uni-graz.at.Institute of Physics, Karl-Franzens 
University, Graz, Austria 

Ultrathin oxide films supported on metal surfaces provide oxide-metal hybrid systems 
with novel structural, electronic, magnetic and chemical properties. Here I will address 
oxide nanostructures in the ultimate 2-D limit, that is oxide overlayers with only one unit 
cell in the thickness dimension. We will investigate transition metal oxide monolayer-
type structures that are coupled to group VIII or group Ib noble metal single crystal 
surfaces. Low-D oxide nanostructures on well-defined metal surfaces can be fabricated 
with atomic-scale precision and design control using bottom-up directed self-assembly 
and a surface science methodology. The geometric and electronic structure as well as 
the magnetic properties of Mn oxide and Co oxide monolayers on flat and vicinal Pd 
surfaces have been examined. It is shown that interface bonding, strain release and 
finite size effects play an important role in stabilizing novel structure geometries. A 
complex nano-scale morphology as a result of the interplay of elastic and electronic 
effects has been found for Mn oxide nanostripes on stepped Pd surfaces, displaying 
"magic widths" and a significant restructuring of the Pd substrate surface. For Ni oxide 
on Ag(100), surface embedded nano-island phases have been observed that are 
discussed in terms of the balance between kinetic and thermodynamic effects, as 
revealed by DFT calculations. The discussion will then be extended from binary oxides 
to ternary oxide systems. I will report on the formation and structure of a novel 2-D Cu-
tungstate phase, which has been fabricated using oxide clusters and a 2-D solid state 
chemical reaction route. 

Work supported by the ERC Advanced Grant "SEPON". 

COLL 237 

Ultrathin alumina and zirconia: An STM view 

Michael Schmid, schmid@iap.tuwien.ac.at.Inst. of Applied Physics, TU Wien, Vienna, 
Austria 

High-resolution scanning tunneling microscopy (STM) has led to significant process in 
understanding the structure and reactivity of oxide surfaces, but is virtually impossible 
on bulk samples of high-bandgap insulator such as Al2O3 and ZrO2. This problem is 
circumvented by studies of ultrathin oxides, which provide sufficient conductivity. The 
talk will describe a few rules for successful preparation of ultrathin oxides by oxidation of 
an alloy and examples of STM contributions to understanding the crystallography of 
these films [1-3]. Growth of metals on ultrathin oxides leads to a variety of structures, 
from single adatoms via well-ordered almost monodisperse clusters [4] to large almost 
bulk-like particles and films. Binding of metals to these oxides will be also discussed; 



the ZrO2 surface, though oxygen terminated, strongly binds to metals via its Zr atoms 
[3]. 
 
[1] Kresse et al. (2005), Science 308, 1440 
[2] Schmid et al. (2007), Phys. Rev. Lett. 99, 196104 
[3] Antlanger et al. (2012), Phys. Rev. B 86, 035451 
[4] Buchsbaum et al. (2010), Phys. Rev. B 81, 115420 

COLL 238 

Growth and characterization of conducting oxide single crystals for surface 
science and other studies 

Lynn A Boatner1, boatnerla@ornl.gov, Ulrike Diebold2.Â  (1) Materials Science and 
Technology, Oak Ridge National Laboratory, Oak Ridge, TN 37831, United StatesÂ  (2) 
Institut fur Angewandte Physik, Technische Universitat Wien, Vienna, Austria 

In spite of their compositional simplicity, binary conducting oxides such as ZnO, In2O3, 
SnO2, and VO2 are, in fact, quite complex materials in terms of their physical, 
electronic, optical, and chemical properties and behavior. These complex properties are 
generally sensitive to and usually vary significantly as a function of the stoichiometry, 
purity, and defect characteristics of the material. This complexity, variability, and 
property dependence continues to drive widespread research efforts on these materials 
– e.g., on VO2 whose metal-insulator transition mechanism is still not well understood. 
Single-crystal specimens, in particular, are extremely valuable for carrying out 
investigations whose goal is to shed new light on both the surface and bulk properties of 
these intriguing and useful conducting oxides. Here we describe techniques for the 
growth of single crystal specimens of ZnO, In2O3, SnO2, and VO2 and present 
corresponding results of various recent studies of their surface chemical, structural, and 
physical characteristics. 

COLL 239 

Entropy trend for adsorbed molecules, with applications for analyzing TPD 

Charles T. Campbell, campbell@chem.washington.edu, Jason Sellers.Department of 
Chemistry, University of Washington, Seattle, WA 98195-1700, United States 

We present a new way to determine the standard entropies of adsorbed molecules 
(Sad

0) from TPD data, prove its accuracy by comparison to entropies directly measured 
using equilibrium adsorption isotherms on MgO(100), and apply it to published data to 
extract new entropies for adsorbates on single-crystal oxides. Adsorbate entropies 
linearly track their entropies in the gas-phase at the same temperature (T) as: Sad

0(T) = 
0.70 Sgas

0(T)–3.29R, where R is the gas constant. These entropies, which are ~2/3 of 
that for the gas, are huge compared to most theoretical predictions (e.g. the harmonic 
approximation commonly employed in combination with DFT estimates of reaction 



barriers). This relationship can be used to estimate equilibrium constants and rate 
constants for reactions where such adsorbates are involved, as we demonstrate with 
prefactors for desorption. Trends in adsorption energies on oxides, some obtained using 
this method, will be reviewed. 

Supported by NSF CHE-1010287 

COLL 240 

Osmotic regulation of cell migration and volume in confined microenvironments 

Kimberly M Stroka1,2,3, Hongyuan Jiang4, ZiQiu Tong1,2,3, Sean X Sun2,3,4, 
Konstantinos Konstantopoulos1,2,3, kkonsta1@jhu.edu.Â  (1) Department of 
Chemical and Biomolecular Engineering, Johns Hopkins University, Baltimore, MD 
21218, United StatesÂ  (2) Institute for NanoBioTechnology, Johns Hopkins University, 
Baltimore, MD 21218, United StatesÂ  (3) Physical Sciences - Oncology Center, Johns 
Hopkins University, Baltimore, MD 21218, United StatesÂ  (4) Department of 
Mechanical Engineering, Johns Hopkins University, Baltimore, MD 21218, United States 

During migration through tissues, metastatic cancer cells experience varying degrees of 
physical confinement. We hypothesized that cell volume regulation is especially 
important for migration in confined microenvironments. In combination with live cell 
imaging, we used a microfluidic-based chemotactic device with narrow extracellular 
matrix-coated channels to maintain distinct extracellular osmolarities at the leading and 
trailing edges of the cell. Upon switching from isotonic to hypotonic medium at the top of 
the chamber, we observed a rapid reversal of cell migration direction. A similar 
response was observed in multiple cancer cell lines (AB3 mouse sarcoma, HTB-94 
human sarcoma, and MDA-MB-231 breast cancer), though the threshold osmolarity 
necessary to produce a response varied between cell types. Changes in cell migration 
velocity were accompanied by a decrease in volume, the kinetics and final value of 
which were dependent on the polarity of the osmotic shock (top, bottom, or top and 
bottom of the chamber), osmolarity, and cell type. Importantly, inhibition of actin 
polymerization, but not myosin II, stalled cell reversal after switching medium to 
hypotonic at the top of the chamber, even though actin-inhibited cells migrated normally 
during confined migration in isotonic medium. We also observed that microtubule 
dynamics are drive cell polarity changes, and we expect that ion channels and 
aquaporins will regulate cell volume changes that occur in these confined spaces upon 
osmotic shock. To further explain our results, we are also developing a theoretical 
model that relies on flux of ions and fluid flow into and out of the cell. Together,our 
results indicate that cancer cell migration in confined microenvironments is sensitive to 
fluctuations in extracellular osmolarity, and the location of osmotic shock (leading vs. 
trailing edge of the cell) is critical in directing the cellular response. 

COLL 241 

Controlled liposome fusion mediated by SNARE protein mimics 



Hana Robson Marsden, TingTing Zheng, alexander Kros, 
a.kros@chem.leidenuniv.nl.Dept. Soft Matter chemistry, Leiden Institute of Chemistry, 
Leiden University, Leiden, The Netherlands 

The fusion of lipid membranes is essential for the delivery of chemicals across biological 
barriers to specific cellular locations. Intracellular membrane fusion is particularly 
precise, and is critically mediated by SNARE proteins. To allow membrane fusion to be 
better understood and harnessed we have mimicked this important process with a 
simple bottom-up model in which synthetic fusogens replicate the essential features of 
SNARE proteins. In our fusogens, the coiled-coil molecular recognition motif of SNARE 
proteins is replaced by the coiled-coil E/K peptide complex, which is one ninth the size. 
The peptides are anchored in liposome membranes via pegylated lipids. Here we 
discuss how the liposome fusion process is controlled by different parameters within the 
minimal model. The lipopeptide fusogens form specific coiled coils that dock liposomes 
together, resulting in the merging of membranes via the stalk intermediate. Unusually 
for model systems, the lipopeptides can rapidly lead to fusion of entire liposome 
populations and the liposomes can undergo many rounds of fusion. The rate and extent 
of fusion and the number of fusion rounds can be manipulated by adjusting the fusogen 
and liposome concentrations. 

COLL 242 

Cell traction forces as a predictor of cancer cell invasiveness 

Aron Parekh, aron.parekh@vanderbilt.edu.Department of Otolaryngology, Vanderbilt 
University Medical Center, Nashville, TN 37232, United States 

Our previous work has linked ECM rigidity to increased matrix degradation by 
cytoskeletal structures known as invadopodia. Rigidity is sensed by actomyosin-
generated contractile forces that are transmitted to the matrix surface as traction forces. 
Therefore, we hypothesized that traction forces regulate the invasiveness of carcinoma 
cells in response to ECM rigidity. In this study, we utilized a combined analysis of 
modified invadopodia and traction force assays to show that ECM degradation and 
traction forces, respectively, are linear functions of matrix rigidity for SCC-61 cells. In 
order to determine if ECM degradation is a direct function of traction forces, we treated 
cells with calyculin A to increase contractility and were able to predict the amount of 
matrix degradation based on the level of increased traction forces. These data suggest 
that mechanosensing of matrix rigidity by the actin cytoskeleton via actomyosin 
contractility may be an important mechanism by which invasiveness is regulated. 

COLL 243 

Control of Fusion Activities of HIV GP41 and Ebola Virus Fusion Domains by 
Membrane Lipids 



Sonia M Gregory, Alex L Lai, Sung-Tae Yang, Lukas K Tamm, 
lkt2e@virginia.edu.Department of Molecular Physiology and Biological Physics, 
University of Virginia, Charlottesville, VA 22903, United States 

HIV gp41 and Ebov GP2 fusion domains play critical roles in membrane fusion during 
viral cell entry. In order to understand how they promote fusion, we have determined the 
structures of these FDs and several mutants in different lipid environments and 
correlated them with their fusion activity. Ultimately these studies are designed to find 
ways to inhibit viral infectivity. Cholesterol is an important mediator of HIV-mediated 
fusion [Lai, JMB418:3]. In membranes containing <30% cholesterol, the FD forms an 
alpha helix, but when cholesterol exceeds 30%, the FD forms beta structure. 
Interestingly, both forms are fusogenic and the most important parameter that 
determines fusogenicity is the depth of membrane insertion. The Ebov GP2 FD forms a 
hydrophobic fist-like loop structure in membranes at fusion pH [Gregory 
PNAS108:11211]. When two critical hinge residues stabilizing this structure are 
simultaneously replaced by alanines, the native structure is disrupted and fusion is 
abrogated. 

COLL 244 

Optical stretching of lipid vesicles to characterize bilayer membrane mechanics 

Noah Malmstadt, malmstad@usc.edu.Department of Chemical Engineering and 
Materials Science, University of Southern California, Los Angeles, CA 90089, United 
States 

Lipid membrane bending is an important biophysical process, and an essential element 
of phenomena including viral infection and synaptic vesicle fusion. We present a 
method for measuring the bending energy of lipid bilayer membranes by deforming 
giant unilammelar lipid vesicles (GUVs) in a dual-beam optical trap. This trap is 
integrated in a microfluidic channel, allowing for large numbers of vesicles to be 
analyzed sequentially in a flow-through configuration. In each single-vesicle stress-
strain experiment, optical force is increased by ramping laser power by a factor of by a 
factor of 5 over ~15 seconds. Concurrently, vesicle surface area is measured via video 
microscopy, allowing for area strain to be directly measured. The resulting relationship 
yields a bending modulus for the vesicle. Early results show that the addition of 
cholesterol (up to a concentration of 20 mol%) has a negligible effect on the bending 
modulus of membranes made from singly unsaturated lipids. 

COLL 245 

Kinetic measurements provide new insights into the folding mechanism of a 
fusion peptide and its interaction with membranes 

Kathryn B. Smith-Dupont1, Feng Gai2, gai@sas.upenn.edu.Â  (1) Biochemistry and 
Molecular Biophysics, University of Pennsylvania, Philadelphia, PA 19104, United 



StatesÂ  (2) Chemistry, University of Pennsylvania, Philadelphia, PA 19104, United 
States 

Membrane fusion is one of the key events in many cellular processes and is often 
assisted or necessitated by membrane fusion proteins, which often contain a membrane 
interacting domain or a fusion peptide. While fusion peptides have been the subject of 
many previous studies, their mechanism of action is still not well understood. Herein, 
using the influenza hemagglutinin fusion peptide (HAfp) as a model, we show how 
stopped-flow fluorescence, FRET, and pH-jump techniques and global data analysis 
can be combined to dissect various molecular events underlying peptide-membrane 
interactions in general and to specifically provide new insights into the folding 
mechanism of HAfp. 

COLL 246 

Facile Fabrication of Sub-10 nm Gold Nanoparticles for Visible-Light Carbon 
Monoxide Oxidation 

Jingjing Qiu, Kun Qian, 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 a 
large-scale surface is fundamentally interesting and holds great technological promise. 
We have developed a novel “bottom-up” approach to fabricating sub-10 nm Au 
nanoparticles on a nanostructured Ag surface via a chemical solution deposition by 
using localized surface plasmon resonance (SPR) excitation. The Au nanoparticle sizes 
are tunable from 3 to 10 nm by easily adjusting the deposition time. Unlike the 
nanoparticles synthesized through wet chemistry methods, these Au nanoparticles are 
thermally stable and their surfaces are free of organic ligand protection. Moreover, the 
fabricated Au nanoparticles show high efficiency for CO oxidation in the presence of 
visible light. 

COLL 247 

Highly Spectral Dependent Enhancement of Upconversion Emission with 
Sputtered Gold Island Films 

Hua Zhang, netclive@ucla.edu.Department of Materials Science and Engineering, 
California Nanosystem Inst (CNSI), Los Angeles, CA 90095, United States 

We report an five-fold overall enhacement of upconvertion emission in NaYF4:Yb/Er 
nanocryatals when coupled with gold island films. Spectroscopic studies show that the 
enhancement factors are hlighly depdent on the exact spectral positions and excitation 
power density, with a largest enhancement factor more than 12 observed at slected 
spectral position, which may be attributed to different upconversion processes involved. 



COLL 248 

Solar Steam Generation using nanoparticles 

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

Solar illumination of broadly absorbing metal or carbon nanoparticles dispersed in a 
liquid produces vapor without the requirement of heating the fluid volume. When 
particles are dispersed in water at ambient temperature, energy is directed primarily to 
vaporization of water into steam, with a much smaller fraction resulting in heating of the 
fluid. Sunlight-illuminated particles can also drive H2O-ethanol distillation, yielding 
fractions significantly richer in ethanol content than simple thermal distillation. These 
phenomena can also enable important compact solar applications such as sterilization 
of waste and surgical instruments in resource-poor locations. 

COLL 249 

Structural dependence of SERS at silver nanowires and probing preferential facile 
charge transfer at single crystal TiO2 particles 

Daniel A. Clayton, daclayton@crimson.ua.edu, Shanlin Pan.Department of Chemistry, 
The University of Alabama, Tuscaloosa, Alabama 35487-0336, United States 

SERS signals at various structures formed by silver nanowires are investigated using 
confocal Raman microscopy to understand the effect of the density of interstitials on 
SERS signal. Spatial and spectral dynamics and heterogeneities in both 
photoluminescence and SERS are compared. Incident laser polarization angle 
dependence of the SERS intensity and its spatial distribution were revealed using SERS 
imaging. SERS enhancement capability of interstitials formed by silver nanostructures 
can be used to understand interfacial charge transfer dynamics at the surface of single 
crystal anatase TiO2 synthesized using the hydrothermal reaction. By combining 
photoelectrochemistry and SERS, the charge transfer mechanism and the preferred 
transfer pathway within the crystal can be resolved. 

COLL 250 

Plasmonic stabilization of emissive films for luminescent applications 

Steven Paquette, Lewis Rothberg, rothberg@chem.rochester.edu.Department of 
Chemistry, University of Rochester, Rochester, NY 14534, United States 

Nanotextured metallic films have been used widely for many years to enhance radiative 
processes including Raman scattering and fluorescence. Here we consider whether 
emissive rate enhancement for molecules near metal particles can be used to increase 
the total amount of luminescence derived from an organic film. Increases in emission 
could have applications to fluorescent dye, phosphor and organic electroluminescent 



technologies. We show that we can extract as much as 100 times more light from films 
of 8-hydroxyquinolinealuminum (Alq3) on nanotextured silver integrated over their 
lifetime. Experimentally, we find that this phenomenon cannot be fully explained by 
excited state lifetime reduction and we present studies to determine the root cause of 
the large stabilization. 

COLL 251 

Two-dimensional plasmonic nanosurface for photovoltaics 

Kevin L Shuford, kevin_shuford@baylor.edu.Department of Chemistry, Baylor 
University, Waco, TX 76798, United States 

We investigate a two-dimensional corrugated plasmonic nanosurface for efficient light 
trapping in a photovoltaic cell. The design was chosen to minimize light polarization 
effects and generate robust optical properties for unpolarized sources. It consists of two, 
perpendicular gratings in the silver film that intersect to yield cross-shaped nano-
elements. A thin, silicon film then covers all of this surface structure. An additional 
degree of freedom can be introduced into the design by interrupting the grid in both 
directions. We show that this extra spacing between the array elements can be used to 
tune the absorption properties of the nanosurface. We demonstrate how this two-
dimensional configuration is more efficient than its one-dimensional counterpart in terms 
of the short circuit photocurrent density. We also briefly discuss possible extensions of 
this structure design, which can further enhance the solar cell performance. 

COLL 252 

Photocatalysis, thermodynamics, and polarization curves for a fuel cell 
comprised of an Ag/AgI photocathode and Pt/C anode 

John J. McMahon, mcmahon@fordham.edu, Michael D'Erasmo, James E. 
Lee.Chemistry, Fordham University, Bronx, NY 10458, United States 

The slow oxygen reduction reaction at traditional platinum cathodes limits the output 
power of a fuel cell and the economic viability of fuel cells as an alternative energy 
source. We report a fuel cell where an economical Ag/AgI photocathode replaces the 
usual Pt/C. Following photo-initiated electron transfer from the silver to the AgI 
adsorbate layer electron-hole recombination is frustrated by the band gap in semi-
conducting AgI facilitating photocatalysis. The resultant anionic adsorbate layer readily 
delivers reducing equivalents to oxygen nearly eliminating the overvoltage at the 
cathode, a large source of power loss in the traditional fuel cell. The equilibrium at the 
Ag/AgI photocathode shifts to the pH-independent iodine (I2) reduction reaction under 
irradiation as evidenced by SERS and open circuit cell potential measurements in line 
with expectations of a Pourbaix diagram. We compare cell voltage and polarization 
curves for Ag/AgI photocatalytic cell with those observed for the traditional cell. 



COLL 253 

Long-term stability of metal magic-number clusters 

Anil Desireddy, anil.desireddy@rockets.utoledo.edu, Santosh Kumar, Jingshu Guo, 
Michael Bolan, Wendell Griffith, Terry Bigioni.Department of chemistry, University of 
toledo, Toledo, Ohio 43606, United States 

Magic-number gold clusters have been studied intensely due to their stability and ease 
of synthesis. Although silver clusters are less stable, their optical properties and low 
cost are very attractive. The electronic and geometrical shell closings that are used to 
explain the anomalous abundances of magic-number clusters do not address the long-
term stability and decay of these materials, however. Here we use the relative instability 
of silver clusters to better understand the nature of metal cluster stability. We studied 
the stability of a family of silver glutathionate magic-number clusters as function of size, 
electrostatic and chemical environment. Stability was found to be a non-monotonic 
function of size, with larger clusters decaying into smaller clusters of previously known 
sizes. The net surface charge was important for stability while charge screening was 
not, in contrast to DLVO theory. Using these results, new methods for synthesizing 
specific cluster sizes could be found. 

COLL 254 

Overcoming kinetic barriers to self-assembly using directing fields 

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

The rapidly expanding library of nanoparticles with complex shapes and chemistries 
provides new opportunities to create functional self-assembled materials from these 
building blocks. However, kinetic arrest often frustrates the formation of the equilibrium 
phase encoded by the colloidal interactions or particle shape. Directing fields have 
proven effective at circumventing kinetic arrest. In this work, we demonstrate that, by 
aligning anisotropic dumbbell particles in an steady ac electric field during convective 
deposition, their glassy arrest in a disordered structure can be avoided, leading to close-
packed crystals [1]. In a second example, we toggle an external field at varied 
frequencies, causing field-induced gel-like structures in a magnetorheological (MR) fluid 
to to relax periodically to equilibrium [2]. This demonstrates how kinetic barriers to a 
colloidal phase transition are also subverted through measured, periodic variation of 
driving forces. 

[1] Forster, J. D. et al. Assembly of optical-scale dumbbells into dense photonic crystals. 
ACS Nano 2011, 8, 6695–6700. 
[2] Swan, J. W. et al. Multi-scale kinetics of a field-directed colloidal phase transition, 
Proc. Natl. Acad. Sci. USA 2012, 109, 16023-16028. 



COLL 255 

Magnetically Directed Assembly and Dynamic Manipulation of Binary Colloidal 
Crystals 

Benjamin Yellen1,2, yellen@duke.edu, Ye Yang1, Li Yu2, Patrick Charbonneau3, Josh 
Socolar4, Gabriel Lopez5.Â  (1) Mechanical Engineering and Materials Science, Duke 
University, Durham, NC 27708, United StatesÂ  (2) University of Michigan - Shanghai 
Jiao Tong University, Joint Institute, Shanghai, Shanghai 200240, ChinaÂ  (3) 
Chemistry, Duke University, Durham, NC 27708, United StatesÂ  (4) Physics, Duke 
University, Durham, NC 27708, United StatesÂ  (5) Biomedical Engineering, Duke 
University, Durham, NC 27708, United States 

Assembly of microscopic particles into macroscopic structures can open new pathways 
for the fabrication of complex materials and devices that cannot be produced via 
lithographic methods. Here we demonstrate a versatile colloidal assembly system in 
which the design rules can be tuned to yield over 20 different pre-programmed 
structures, including kagome, honeycomb, square tiles, as well as various chain and 
ring configurations. These structures can be dynamically tuned with the external field. 
The assemblies are created by controlling the relative concentrations and interaction 
strengths between spherical magnetic and non-magnetic beads, which behave as either 
paramagnetic or diamagnetic dipoles when immersed in a ferrofluid. An external 
magnetic field causes like particles to repel and unlike particles to attract. The 
combination of experimental observations and potential energy calculations suggest 
that the lowest energy configuration is determined by two parameters, namely the 
relative strengths of the two dipole moments and their relative concentrations. 

COLL 256 

Dipolar assembly and colloidal polymerization of magnetic nanoparticles and 
nanorods 

Jeffrey Pyun, jpyun@email.arizona.edu.Department of Chemistry & Biochemistry, 
University of Arizona, Tucson, AZ 85721, United States 

Ferromagnetic colloids based on metallic cobalt an interesting class of nanoparticles 
capable of self- assembly via spin dipolar interactions. We will present an overview of 
our efforts on the synthesis, functionalization and assembly of polymer coated 
ferromagnetic cobalt nanoparticles. A novel synthetic methodology, termed, “Colloidal 
Polymerization” will also be discussed where ferromagnetic polystyrene coated cobalt 
nanoparticles were used as “colloidal monomers” to form fused cobalt oxide nanowires. 
Using a combination of dipolar assembly and a nanoparticle conversion chemistryt (e.g., 
oxidation, galvanic exchange), cobalt oxide nanowires with controlled placement of 
noble metal and semiconductor inclusions has been achieved. We will discuss our 
recent efforts to control the sequence, composition and architecture of these dipolar 



assemblies and the resulting electrochemical properties of the converted cobalt oxide 
nanocomposites. 

COLL 257 

Modeling of experimentally studied charged nanoparticle at electrified 
liquid/liquid interface 

Henry Chan1, hchan20@uic.edu, Mrinal Bera1, Hao Yu1, Sabina Tatur1, Wei Bu1, 
Daniel Amoanu1, Daniel Moyano2, Vincent Rotello2, Petr Král1, Binhua Lin3, Mati 
Meron3, Petr Vanýsek4, Mark L. Schlossman1.Â  (1) Univeristy of Illinois at Chicago, 
Chicago, IL 60607, United StatesÂ  (2) University of Massachusetts, Anherst, MA 
01003, United StatesÂ  (3) CARS, University of Chicago, Chicago, IL 60637, United 
StatesÂ  (4) Northern Illinois University, DeKalb, IL 60115, United States 

Voltage control of the surface of charged nanoparticles influences the order of their 
interfacial assembly, which can lead to different optical, magnetic, and electrical 
functionality. X-ray reflectivity and GISAXS measurements demonstrate that cationic 
gold nanoparticles penetrate further into the 1,2-dichloroethane (DCE) side of an 
electrified water/DCE interface as the applied voltage is increased. A similar trend is 
also observed in molecular dynamics (MD) simulations of a single nanoparticle at the 
interface. Ion-ion and ion-nanoparticle correlations and their distributions are studied 
using an atomistic model. We found that there is a strong correlation between the 
charged nanoparticle and supporting electrolytes in the DCE phase. Results from 
different simulation systems will be compared to address the effect of the field, counter-
ions, and electrolyte concentration. These studies address the question of which 
interactions determine the interfacial localization of charged nanoparticles. Future work 
will include MD simulations to illustrate the self-assembly of multiple charged 
nanoparticles that has been observed in experiments. 

COLL 258 

Locking nanoparticles 

Igor Luzinov1, luzinov@clemson.edu, Mikhail Motornov2, Sergiy Malynych1, Bogdan 
Zdyrko1, Yuri Roiter2, Alexander Tokarev1, Ihor Tokarev2, Konstantin Kornev1, Sergiy 
Minko2.Â  (1) Materials Science and Engineering, Clemson University, Clemson, SC 
29634, United StatesÂ  (2) Chemistry and Biomolecular Science, Clarkson University, 
Potsdam, NY 13699, United States 

We report an approach to surface modification of nanoparticles with responsive mixed 
polymer brushes. It was demonstrated that the nanoparticles are capable of 
reorganization in an external magnetic field, which can turn on interactions between the 
particles. The interaction remains unchanged even after removal of the external 
magnetic field. The “locking particles” can be unlocked by applying external stimuli. In 
essence, we have shown that the balancing Brownian motion, the short-range attractive 



and long-range repulsive forces due to the specially tailored mixed polymer brush shell 
of the particles, and the forces experienced by the particles in the external field 
constitute a method to fabricate and reversibly lock 1D wires/chains in liquid matrixes 
(solvent or polymer melt). We also demonstrated that a mixture of two populations of 
nanoparticles with different surface functionalization that provide control over 
intermolecular forces can be used to regulate the length of self-assembled 1D wires. 

COLL 259 

Printing, probing, and analyzing nanoliter droplets with magnetic nanorods 

Kostya Kornev, kkornev@clemson.edu.Materials Science & Engineering, Clemson 
University, Clemson, sc 29634, United States 

Magnetic nanorods are attractive materials enabling assembly, ordering, control, and 
reconfiguration of different magnetic lattices within milliseconds. MilliTesla magnetic 
fields are sufficient to manipulate with these nanorods. In this talk, a few examples of 
applications of magnetic nanorods will be shown. First we will discuss the remote 
controlled rotation of magnetic nanorods providing a new nanoscale tool to probe 
different properties of liquids and solids at the micrometer scale. In particular, we will 
show that with magnetic nanorods one can address the current challenge of the in situ 
characterization of minute amounts of fluids rapidly changing their rheological 
properties. Basic theory of Magnetic Rotational Spectroscopy for rotation of a magnetic 
nanorod in non-Newtonean fluids will be introduced and specific features of rotating 
nanorods will be explained. Then we will experimentally demonstrate that magnetic 
rotational spectroscopy provides rich physicochemical information about the gelation 
processes of polymers and sols. We will show that one can analyze not only polymer 
solutions, but also suspensions enriched with the gel domains being formed. Then we 
will demonstrate a new physical principle of self-assembly of magnetic nanorods into 
droplets of different sizes without using any nozzle. These droplets can be formed on 
demand by taking advantage of the magneto-static interactions between nanorods. 
Using X-ray phase contrast imaging and scaling analysis we will explain the behavior of 
magnetic nematics and their interactions with the droplet surface. 

COLL 260 

Multiplexed motion of magnetic beads on a magnetic ratchet 

Benjamin Yellen1,2, yellen@duke.edu, Yuyu Ouyang2, Mukarram Tahir1, Franco 
Nori3.Â  (1) Mechanical Engineering and Materials Science, Duke University, Durham, 
NC 27708, United StatesÂ  (2) University of Michigan - Shanghai Jiao Tong University, 
Joint Institute, Shanghai, Shanghai 200240, ChinaÂ  (3) Digital Materials Team, Riken 
Advanced Science Institute, Saitama, Japan 

Thermally or deterministically-driven transport of objects through asymmetric potential 
energy landscapes (ratchet-based motion) is of considerable interest as models for 



biological transport and as methods for controlling the flow of information, material, and 
energy. Here, we provide a general framework for implementing the multiplexed 
separation of magnetic colloids based on size. Our approach is based on quasi-static 
(adiabatic) transitions in a tunable potential energy landscape composed of a multi-
frequency magnetic field input signal with the static field of a spatially periodic 
magnetization. By tuning both the phase shifts between the input signals and the 
relative forcing coefficients, medium sized particles can transport across the substrate, 
whereas large or small-sized particles remain trapped in closed orbits (i.e., a bandpass 
filter). The reverse situation in which large and small size particles can be transported, 
whereas medium sized particles are trapped in closed orbits, can also be achieved (i.e., 
a bandgap filter). 

COLL 261 

Magneto-Acoustic assembly of binary colloidal lattices 

Ye Yang1,3, knightyangduke@gmail.com, Lu Gao1,3, Gabriel P Lopez1,2,3, Benjamin B 
Yellen1,3,4.Â  (1) Mechanical Engineering and Materials Science, Duke University, 
Durham, North Carolina 27708, United StatesÂ  (2) Biomedical Engineering, Duke 
University, Durham, North Carolina 27708, United StatesÂ  (3) Triangle Materials 
Research Science and Engineering Center, North Carolina 27708, United StatesÂ  (4) 
University of Michigan-Shanghai Jiaotong University Joint Institiute, Shanghai, China 

Self-assembly of colloidal particle suspensions into a variety of lattice structures has 
potential applications in photonics and biomedical sciences. Among the many different 
colloidal assembly techniques, field assisted assembly has the potential to create 
tunable interactions, which can guide particles into various crystalline configurations. In 
this work, we combine acoustic field and magnetic field to simultaneously control the 
assembled structures at both micro and macro scale. The acoustic field allows the 
particles to be concentrated into well defined regions of pressure minima at the macro-
scale. The magnetic field allows the micro-scale to be controlled by tuning the 
interactions between paramagnetic and non-magnetic particles in ferrofluid solution. In 
some cases, the competition between the acoustic and assembly fields led to the 
creation of several unique novel non-planar structures. The ability to control local 
particle concentration, in particular, has the analogous effect of realizing different 
colloidal pressures, which may serve as a useful tool in bridging the gap between 
simulation and experiment. 

COLL 262 

High-rate Electro-fluidic Directed Assembly of Nanoparticles 

Asli Sirman, sirman.a@husky.neu.edu, Cihan Yilmaz, Sivasubramanian Somu, Jun 
Huang, Ahmed Busnaina.Northeastern University/Mechanical Engineering, Center for 
High-rate Nanomanufacturing, Boston, Massachusetts 02115, United States 



Directed assembly of nanoelements has been used to fabricate devices for diverse 
applications. The challenge in using such techniques consists of developing highly 
scalable, high-rate (fast) assembly techniques for placing nanoelements precisely on 
either conductive or insulating surfaces. Here, we introduce a new, high-rateelectro-
fluidic assembly technique that enables directed assembly on any type of insulating 
surfaces. The significance of this technique is that the assembly process is 100 times 
faster than fluidic assembly (the only technique used today on insulating surfaces). For 
example, fluidic assembly on a 3-inch wafer takes 25 hours; however, the presented 
method takes only 15 minutes to obtain fully assembled structures. Polystyrene Latex 
nanoparticles (50nm and 20nm) have been successfully assembled. We are able to 
achieve full particle coverage with trenches having different orientations and structures 
that exhibits the robustness of the assembly method for any two dimensional 
configuration. 

COLL 263 

Single Nanoparticle Plasmonics 

Richard P Van Duyne, vanduyne@northwestern.edu.Department of Chemistry, 
Northwestern University, Evanston, IL 60208-3113, United States 

Interest in nanotechnology is driven by the unique and novel properties of nanoscale 
materials such as the strong interaction of metal particles with light, caused by localized 
surface plasmon resonances (LSPRs). This effect can be by utilized in sensors and 
optical devices, for which the characterization, control, and optimization of the shape- 
and size-dependent optical properties is paramount. Our studies took advantage of the 
well-defined shape and large size range of the Ag nanocubes provided by Younan Xia's 
group. Single nanoparticle correlated LSPR/electron microscopy/electrodynamics 
calculations quantified differences between otherwise identical Au and Ag cubes, while 
detailing the size-dependence of their resonance energy and substrate effects. Further 
correlation with polarization-dependent scanning photoionization microscopy shows 
strong electric field enhancement of the laser-induced photoemission, identifying 
coherent multiphoton photoelectron emission (MPPE) as the most probable mechanism 
for electron emission from Ag nanocubes. 

COLL 264 

Plasmonic enhancement of light scattering in cellular and molecular imaging 
reveals the secrets of cancer cells in life and in death 

Bin Kang1, Lauren A Austin2, Megan Mackey3, Mostafa A El-Sayed4, 
melsayed@gatech.edu.Â  (1) Chemistry and Biochemistry, Georgia Institute of 
Technology, Atlanta, Ga 30332-0400, United StatesÂ  (2) Chemistry and Biochemistry, 
Georgia Institute of Technology, Atlanta, Ga 30332-0400, United StatesÂ  (3) Chemistry 
and Biochemistry, Georgia Institute of Technology, Atlanta, Ga 30332-0400, United 



StatesÂ  (4) Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, Ga 
30332-0400, United States 

Using the Plasmonic enhancement of Rayleigh scattering by silver or gold 
nanoparticles, we were able to image the behavior of community of cancer cells as they 
are dividing or dying if we increase the concentration of the nanoparticles at the cell 
nucleus. In order to gain molecular information, we were recently able to record the 
enhanced molecular Raman vibration spectra (SERS) of the molecules anywhere in the 
cell during the full cell cycle from birth to division(1)or if we give the cells cancer drugs, 
we can determine the time of the cell death. The potential future applications of this 
technique of PLASMONIC ENHANCED MOLECULAR CELL IMMAGING (PEMCI) in 
molecular cell biology and in medicine will be discussed. 

1.Bin Kang , Lauren A. Austin , and Mostafa A. El-Sayed, Real-Time Molecular Imaging 
throughout the Entire Cell Cycle by Targeted Plasmonic-Enhanced Rayleigh/Raman 
Spectroscopy, , Nano Lett., 2012, 12 (10), pp 5369–5375. 

COLL 265 

Gold nanorods: their ins and outs 

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

Anisotropic noble metal nanostructures, such as gold nanorods, can be prepared in 
aqueous solution with good control over nanoparticle dimensions. In this talk I will 
summarize some of our recent rescults in understanding gold nanorod growth, the 
nature of the surface under various conditions, and what new properties are enabled for 
nanoscale plasmonic particles. 

COLL 266 

Directing the morphology and assembly of gold nanoparticles 

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

The assembly of nanoparticle building blocks is a pre-requisite for the amplification of 
the properties of the components and/or the generation of new features unique to the 
ensemble. Usually, nanoparticles employed for these assemblies are spherical and lack 
a geometrical preference toward directional self-assembly, thus limiting their potential 
applications. In contrast, controlled self-assembly of non-spherical nanoparticles, such 
as gold nanorods, enables these arrays to form defined 1D, 2D or 3D structures with a 
vectorial dependence of the desired properties. We show in this communication several 
examples where the morphology of gold nanoparticles can be modulated by means of 



colloid chemistry methods, and in turn exploited to direct the assembly of such 
nanoparticles into a variety of nanostructures with interesting properties. 

COLL 267 

Controlling the Shape of Silver and Gold Nanostructures with Reaction Kinetics 
and Surface Chemistry 

Chad A Mirkin, chadnano@northwestern.edu.Chemistry, Northwestern University, 
Evanston, IL 60208, United States 

We have shown that we can control the growth of silver and gold nanoparticles from 
small, spherical seeds into anisotropic structures with well-defined shapes and sizes. 
We have achieved this control over particle morphology by developing an 
understanding of the underlying chemistry. A major factor which directs a particle's 
growth pathway is reaction kinetics, which can be controlled by varying reducing agent 
concentration, solution pH, and the presence of halides, which change the reduction 
rate of the precursor metal ions. In the plasmon-mediated synthesis of silver 
nanoparticles, reaction kinetics also can be adjusted by taking advantage of the 
localized surface plasmon resonance properties of the particles and tailoring the 
properties of the light used to irradiate the plasmonic seed particles. Surface chemistry 
also influences growth, exemplified by the passivation of select surfaces of gold 
nanoparticles by silver. The synthesis of novel nanomaterials using these synthetic 
routes will be discussed. 

COLL 268 

Silica and Cells: A special relationship 

C. Jeffrey Brinker1,2, cjbrink@sandia.gov, Jason Townson2, Bryan Kaehr1, Eric 
Carnes1,2, Carlee Ashley1.Â  (1) Sandia National Laboratories, Albuquerque, NM 87106, 
United StatesÂ  (2) Chemical and Nuclear Engineering CMEM, University of New 
Mexico, Albuquerque, NM 87106, United States 

We have shown that yeast, bacterial, and mammalian cells, when introduced into self-
assembling solutions of phospholipids and soluble silica, serve as living colloids 
directing the formation of unique cell/silica interfaces (Science 2006, Nature Chem Biol. 
2010) and architectures through cellular response pathways. The association of silica 
with cellular interfaces has been further explored in recent work, where we have 
discovered a process, Silica Cell Replication (PNAS 2012), wherein mammalian cells 
direct their exact replication in silica. The silica cell replicas preserve nm- to macro-
scale cellular features and dimensions on both the cell surface and interior after drying 
at room temperature - and largely after calcination to 500 C̊. The process appears to be 
self-limiting and self-healing, and remarkably generalizable to any cells of interest. Our 
current hypothesis is that, due to comparable hydrogen bonding strengths, silicic acid 
molecules replace bound water at cellular interfaces and are amphoterically catalyzed 



by proximal proteins and other membrane bound components to form a self-limiting, 
defect-free, nm-thick silica encasement that resists drying and calcination stress. 

COLL 269 

Interactions of peptides and ions with supported lipid bilayers 

Paul Cremer, cremer@mail.chem.tamu.edu.Chemistry, Penn State University, State 
College, PENNSYLVANIA 16803, United States 

Lipid membranes often contain negatively charged lipids such as phosphatidylserine, 
phosphatidylglycerol, phosphatidic acid, and gangliosides. The head groups of these 
lipids contain carboxylate and phosphate groups which can interact with cations and 
positively charged amino acids. Moreover, such lipids are often heavily regulated within 
cells and appear in much greater abundance in the membranes of particular organelles 
and even specific leaflets within these membranes. We have used a combination of 
spectroscopic techniques, microfluidic platforms, and planar supported bilayer 
architectures to study the chemical specificity of positively charged analytes with these 
moieties. Both thermodynamic data and the molecular level details of the systems are 
obtained. The results reveal that binding can not only be highly dependent on the 
specific chemistry of the ligand-receptor interactions, but also on the concentration of 
negatively charged lipids, the presence of additional uncharged lipids in the membrane 
and the chemical nature of the positively charged groups which are binding. In fact, the 
specific chemistry of these interactions (hydrogen bonding, charge transfer, 
hydrophobic interactions, etc…) often dominates over generic electrostatic effects. 

COLL 270 

Interaction of complex liquids with lipid biomembranes 

Y. Elaine Zhu, yzhu3@nd.edu.Department of Chemical and Biomolecular Engineering, 
University of Notre Dame, Notre Dame, IN 46556, United States 

With the increasing use of smart molecular probes and functional nanocolloids for 
various biomedical applications, it becomes critical to understand the interaction of 
complex liquids with cell biomembranes in order to effectively use them with minimal 
cytotoxicity. Deciphered by fluorescence imaging and fluorescence correlation 
spectroscopy in combined with other traditional characterization, this talk will emphasize 
some recent studies in my group of how ionic liquids, nanocluster macroions, and 
nanoparticles interact with cell biomembrane. Using lipid bilayers as model 
biomembranes, I will show that adsorbed molecules and nanocolloids can not only 
disrupt the morphology of lipid bilayers, but also induce their phase transition due to 
sufficiently strong electrostatic attraction. With ionic liquids and nanocluster macroions 
whose dimensions are comparable to lipids, intriguing supramolecular assembly is also 
observed at lipid bilayer interface, showing a strong dependence on the chemical 
makeup of adsorbed ionic species. 



COLL 271 

Synthetic colloidal particles cloaked by natural RBC membranes as biomimetic 
delivery vehicles 

Che-Ming Hu, Ronnie Fang, Brian Luk, Liangfang Zhang, 
zhang@ucsd.edu.Department of Nanoengineering, University of California, San Diego, 
La Jolla, California 92093, United States 

Efforts to extend nanoparticle residence time in vivo have inspired many strategies in 
particle surface modifications to bypass macrophage uptake and systemic clearance. 
Herein I report a top-down biomimetic approach in particle functionalization by coating 
biocompatible nanoparticles with natural red blood cell (RBC) membranes including 
both membrane lipids and associated membrane proteins for long-circulating cargo 
delivery. This approach aims to camouflage the nanoparticle surface with the 
erythrocyte exterior for long circulation while retaining the applicability of the cores that 
support the RBC membrane shell. In vivo results revealed superior pharmacokinetics 
and biodistribution by the RBC-mimicking nanoparticles as compared to control particles 
coated with the state-of-the-art synthetic stealth materials. 

COLL 272 

Layering polymers and nanoparticles at surfaces: Towards spatially organized, 
responsive assemblies 

Svetlana A. Sukhishvili, ssukhish@stevens.edu.Department of Chemistry, Chemical 
Biology and Biomedical Engineering, Stevens Institute of Technology, Hoboken, New 
Jersey 07030, United States 

We discuss principles of construction of layered, responsive, all-polymer or polymer 
nanocomposite materials using a layer-by-layer (LbL) approach. With all-polymer films 
assembled electrostatically, we first explore polymer chain dynamics and its relationship 
to film structure. A combination of fluorescence recovery after photobleaching (FRAP) 
and neutron reflectometry (NR) to probe chain diffusion in directions parallel and 
perpendicular to the substrate, respectively, reveals that at increased salt concentration, 
polyelectrolyte chains move orders of magnitude faster in the direction parallel to the 
substrate. Solution pH, salt concentration and polyelectrolyte type strongly affect 
mobility of polyelectrolyte chains within LbL films and the degree of film layering. We 
then introduce assembly of responsive, layered nanoparticle-polymer films. Such 
materials demonstrate light-triggered, strata-specific shrinkage at resonant excitation 
wavelengths, enabled by precise localization of brush-decorated gold nanostructures 
within LbL films. We discuss potential applications and future development of 
responsive polymer-nanoparticle LbL assemblies. 

COLL 273 



Organization and Dynamics of Cell Signaling in the Immunological Synapse 

Yan Yu, yy33@indiana.edu.Department of Chemistry, Indiana University, Bloomington, 
INDIANA 47401, United States 

A major challenge in biological science and engineering is to understand and control 
how cells communicate. When cells transduce signals, thousands of membrane 
receptors and signaling molecules reorganize into spatially diverse patterns over many 
length scales. Such dynamic process is a key element to ensure the spatiotemporal 
connectivity in cellular signal transduction. A hallmark example is the tight membrane 
junction between immune cells, namely the immunological synapse. Membrane 
receptors reorganize to form protein patterns on multiple length scales from nanometers 
to micrometers. It has been recognized that the spatial organization of proteins is 
directly associated with immune responses, but the underlying mechanisms remain 
unclear. In the presentation, I will describe how advanced fluorescence imaging, 
nanotechnology, and cell biology can be combined to understand the protein 
organization and dynamics in the T cell immunological synapse during signal 
transduction. A combination of multidisciplinary approaches, including single-molecule 
imaging and tracking, lipid bilayer engineering, and surface fabrication, allow us to 
elucidate the interconnectivity between physical phenomena and biochemical signaling. 

COLL 274 

Efficacy of broad spectrum antimicrobials withinheavy traffic textured surfaces 

James H Wynne, james.wynne@nrl.navy.mil, Preston A Fulmer.Chemistry Division, US 
Naval Research Laboratory, Washington, DC 20375, United States 

With the increase in antibiotic-resistant microbes, the production of self-decontaminating 
surfaces has become an area of research that has seen a surge of interest in recent 
years. Such surfaces, when incorporated into commercial products such as children's 
toys, medical devices and hospital surfaces could reduce the number of infections 
caused by pathogenic microorganisms. Within many commercial applications the use of 
textured non-slip surfaces are frequently utilized in order to increase traction and reduce 
the risk of injury; however, frequently these rough surfaces are the cause of abrasions 
in the event of a fall. Research in our laboratory has recently focused on the 
development of a wide range of amphiphilic antimicrobial additives that when combined 
with low volatile organic content coatings afford surface concentration of the active 
compounds as the coating cures. We report the development of antimicrobial coatings 
containing a variety of additives that are active against a broad-spectrum of potentially 
pathogenic bacteria, as well as enveloped viruses and fungi. Additionally, these 
additives were compatible with siloxane, urethane and acrylate coatings which have a 
broad range of real world situations. The efficacy of these surfaces with exposure to 
environmental conditions and wear will be presented along with detailed surface 
characterization. 



COLL 275 

Plasmonic–Magnetic Nanoparticles for Diagnostics, Isolation, and Photothermal 
Destruction of Biomolecules 

Zhen Fan, fanzhen568@gmail.com, Paresh Ray.Chemistry & Biochemistry, Jackson 
State University, Jackson, MS 39217, United States 

We discuss the development of a plasmonic–magnetic nanotechnology-driven approach 
for the targeted diagnosis, isolation, and photothermal destruction of biomolecules. 
Experimental data show that aptamer-conjugated plasmonic/magnetic nanoparticles 
can be used for targeted imaging and magnetic separation of a particular kind of 
biomolecules from a mixture. We also discussed that the aptamer-conjugated 
magnetic/plasmonic nanoparticle-based photothermal destruction of biomolecules is 
highly selective. 

COLL 276 

Biocompatible Multifunctional Nanoparticle for Multimodal Imaging & Therapy of 
Methicillin-resistant Staphylococcus aureus 

Xuemei Dai, dxuemei2002@yahoo.com, Zhen Fan, Paresh Ray.Chemistry & 
Biochemistry, Jackson State University, Jackson, MS 39217, United States 

Last few years a complex problems facing our society is treating Methicillin-resistant 
Staphylococcus aureus (MRSA) infectious. Here we will discuss the development of 
multifunctional nanoparticle for multimodal imaging and therapy of MRSA infections.We 
will discuss the possible mechanism and operating principle of multimodal imaging and 
therapy process. 

COLL 277 

Hybrid CNT/Gold Nanomaterial for Targeted Imaging and Photothermal 
Destruction of Biomolecules 

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

Here we discuss the design of novel aptamer conjugated different shape gold 
nanoparticle decorated SWCNTs hybrid nanomaterial for targeted imaging and 
selective photothermal destruction of biomolecules. We will discuss the possible 
mechanism and operating principle for our process. 

COLL 278 



NMR Analysis of Polymeric Alpha-nucleophiles as Potential Chemical Weapon 
Decontamination Agents 

David J McGarvey1, david.mcgarvey@us.army.mil, William R Creasy2, Lev Bromberg3, 
T. Alan Hatton3.Â  (1) Research and Technology Directorate, Edgewood Chemical 
Biological Command, APG, MD 21010, United StatesÂ  (2) SAIC, APG, MD 21010, 
United StatesÂ  (3) Department of Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, MA 02139, United States 

NMR Analysis has been used to examine the ability of polymeric alpha-nucleophiles 
containing oxime or oximate functional groups to decontaminate super-toxic materials, 
including VX and sulfur mustard(HD). Chemical cascades are presented that can be 
triggered by synthesis of peracids on demand. Polymeric alpha-nucleophiles such as 
polyacrylamidoxime (PANOx) and poly(N-hydroxyacrylamide) (PHA) are potent 
hydrolysis agents of chemical warfare agents (CWA) such as S-2-
(diisopropylamino)ethyl O-ethyl methylphosphonothioate (VX), especially when 
converted to their respective oximate salts at pH values greater than the pKa of oximate 
or amidoximate groups of 7.5 and 10.8, respectively. In the present work, we arrived at 
formulations that possess a universal capability of destroying CWA. By electrostatic 
complexation of polyanionic sodium salts of PANOx and PHA with cationic bleach 
activator, N-[4-(triethylammoniomethyl)benzoyl] butyrolactam chloride (TBBC), we 
obtained complexes that generate peracids in situ in the presence of alkaline hydrogen 
peroxide or ozone. The latter are generated electrochemically on demand, thus 
triggering peracid formation and facile degradation of HD. Organophosphorous esters 
such as VX are hydrolyzed by the action of nucleophiles in the presence of water. 
Results of the CWA degradation by MAS-NMR and other analytical techniques are 
presented. 

COLL 279 

Admicellar Polymerization to compatibilize calcium carbonate with oil-based 
drilling mud: To improve mud performance 

Olugbenga S Ojo, osojo@go.olemiss.edu, John H O'Haver.Department of Chemical 
Engineering, The University of Mississippi, University, Mississippi 38677, United States 

Surface modification of industrial grade extra-fine calcium carbonate (XFCC) via 
admicellar polymerization has been examined as a method to enhance compatibility of 
the substrate with oil-based drilling mud (OBM). A thin film of polystyrene was 
synthesized within the admicelles of Triton X-100 surfactant using 2,2'-
azobisisobutyronitrile (AIBN) as the initiator. The extracted polymer from the treated 
substrate was analyzed and characterized using FTIR, gel permeation chromatography 
(GPC), thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). 
The process presents a possible inexpensive technique to modify calcium carbonate's 
high energy hydrophilic surface into a low energy hydrophobic surface. The modified 



substrate, used as densifier in OBM, is expected to be more compatible with the OBM, 
enhance homogeneity, improve drill cuttings removal and increase fluid reuse. 

COLL 280 

P(VI) and p(4-VP) polymeric particles and their silica composites for situ Co and 
Ni nanoparticles and their use as catalyst in NaBH4 hydrolysis 

Alper Yasar1, lprysr@gmail.com, Nurettin Sahiner1,2, sahiner71@gmail.com.Â  (1) 
Department of Chemistry, Canakkale Onsekiz Mart University, Canakkale, TurkeyÂ  (2) 
Nanoscience and Technology Research and Application Center (NTRAC), Canakkale, 
Turkey 

Poly(vinyl imidazole) (p(VI)) and poly(4-vinylpyridine) (p(4-VP)) particles and their 
composite with silica as (p(VI)-Si) and (p(4-VP)-Si) were synthesized in an oil-in-water 
micro emulsion system. Pores were generated inside particles by removing silica from 
p(VI) and p(4-VP) composites upon HF treatment. The sizes of particles were ranged 
300-800, and 300-600 nm for p(VI), and p(4-VP), respectively. Co and Ni metal 
nanoparticles were prepared within p(VI) and p(4-VP) based particles by the absorption 
of the corresponding metal ions from aqueous solution and reduction with NaBH4 in 
situ.Different parameters affecting the hydrogen production rate from the hydrolysis of 
NaBH4 such as metal types, temperature, NaOH concentration, and metal reloading 
were investigated. For the p(VI)-based particles, the activation energy, the enthalpy, 
and the entropy for the NaBH4 hydrolysis reaction were also calculated as 37.578 
kJmol-1, 34.146 kJmol-1, and -191.22 kJmol-1K-1, respectively. 

COLL 281 

P(4-VP) particles with high functional value 

Nurettin Sahiner1,2, sahiner71@gmail.com, Alper Yasar1, lprysr@gmail.com, Aysel 
Caglar1, ayselcaglar88@hotmail.com.Â  (1) Department of Chemistry, Canakkale 
Onsekiz Mart University, TurkeyÂ  (2) Nanoscience and Technology Research and 
Application Center (NANORAC), Canakkale Onsekiz Mart University, Turkey 

Poly(4-vinyl pyridine) (p(4-VP)) particles were synthesized using ethylene glycol 
dimethacrylate (EGDMA) as cross-linker and ammonium persulfate (APS) as initiator in 
a microemulsion system. The synthesized p(4-VP) particles were modified with various 
modifying agents. The modification was carried out using N-alkyl quaternization agents 
such as 2-bromo ethanol (-OH), 4-bromo butyric acid (-CO2H), 4-bromo butyronitrile (-
CN) and 2-bromoethylamine hydrobromide (-NH2). The size and charge 
characterization of particles were done using DLS and Zeta potential measurements, 
and the modification is confirmed by FT-IR spectrophotometer and titrations. SEM 
and/or optical microscopy were used for the visualization of particles. The modified p(4-
VP) particles were tested for antimicrobial properties against various bacteria such as 
Staphylococcus aureus ATCC 25323, Escherichia coli ATCC 8739, Bacillis subtilis 



ATCC 6633. And the absorption of various species such as metal ions (Co, Ni etc), 
dyes (Rhodamine 6G, fluorescein sodium salt) and pesticide (paraquat) onto p(4-VP) 
based particles were also investigated. 

COLL 282 

Analysis of surface segregating additives for self-decontaminating coatings 

Jeffrey G Lundin, jeffrey.lundin@nrl.navy.mil, Spencer L Giles, Robert F Cozzens, 
James H Wynne.Chemistry Division, Naval Research Laboratory, Washington, DC 
20375, United States 

Surface contamination resulting from a toxic chemical release poses significant risk to 
first responders as well as proximate civilians. Recent progress in self-decontaminating 
coatings has demonstrated the potential for coating surfaces to automatically degrade 
harmful chemicals upon contact. Herein, reactive additives developed to impart self-
decontaminating capability to polyurethane polymer matrices are discussed. 
Specifically, synthetic modification of fullerene and polyoxometalate based additives 
resulted in surface segregating molecules which effectively reduced required additive 
loading concentration while maintaining desired decontamination ability. Hydrophobic 
and hydrophilic moieties were incorporated into both additive classes resulting in a 
series of molecules exhibiting a range of amphiphilic character. Effects on surface 
properties from additive incorporation into commercial polyurethane coatings were 
investigated by SEM, EDS, ATR, contact angle, and confocal laser microscopy. Surface 
segregating capabilities were analyzed and loading concentrations were optimized for 
maximum contaminant degradation. Furthermore, potential degradation pathways 
deduced from contaminant challenge by-product analyses are discussed. 

COLL 283 

Humic Acid particles: Synthesis and Characterization 

Selin Sagbas1, sagbasselin@gmail.com, Cetin Kantar2, Nurettin Sahiner1,3, 
sahiner71@gmail.com.Â  (1) Department of Chemistry, Canakkale Onsekiz Mart 
University, Canakkale, TurkeyÂ  (2) Department of Environmental Engineering, 
Canakkale Onsekiz Mart University, Canakkale, Canakkale 17100, TurkeyÂ  (3) 
Nanoscience and Technological Research and Application Center (NTRAC), Canakkale 
Onsekiz Mart University, Canakkale, Canakkale 17100, Turkey 

Humic acid (HA) is very important natural material in soil fertility, transport of pollutants, 
sediments, and in natural waters due to the different functional groups which are 
capable of binding to metal ions, mineral surfaces and organic contaminants. Due to the 
phenolic and carboxylic acid groups in the natural humic acid subtances, the surface 
charge and the reactivity of HA is mainly variable depending on the medium and the 
nature of HA. In this investigation, novel humic acid hydrogel particles were prepared in 
a single step via a water-in-oil microemulsion system employing different crosslinkers as 



divinylsulfone, glutaraldehyde, epichlorohydrine, and adipoyl chloride. Scanning 
electron microscopy (SEM), dynamic light scattering (DLS), zeta potential measurement 
were used for the characterization of humic acid particles size, charge, and morphology. 
Thermal and structural properties of the crosslinked humic acid particles were evaluated 
by thermogravimetric analysis (TGA) and FT-IR spectroscopy. 

COLL 284 

Self-assembly of poly(4-vynil-N-alkylpyridinium) bromide onto silica: Effect of 
side-chain length on structural aspects at a molecular level 

Allan Oliveira1, Paulo Miranda2, Denise Petri1, dfsp@usp.br.Â  (1) University of Sao 
Paulo, Sao Paulo, Sao Paulo 05508000, BrazilÂ  (2) University of Sao Paulo, Sao 
Carlos, Brazil 

Self-assembly of poly(4-vynil-N-alkyl)pyridinium bromide with alkyl side chains of 2, 5, 7, 
10 or 16 carbons from ethanolic solutions onto flat silica surfaces was studied by means 
of ellipsometry, atomic force microscopy (AFM), contact angle measurements and Sum-
Frequency Generation vibrational spectroscopy (SFG) in the CH3 and CH2 stretch 
region. SFG results showed that longer side chains promote the disorientation of the 
alkyl groups at the surface, corroborating with the contact angle values. Ab initio 
quantum-chemical calculations on the N-alkylpyridinium side-group with Restricted 
Hartree-Fock (RHF) method and 6-311G (d,p) basis set were done to estimate the 
charge distribution along the pyridinium ring and the alkyl side-chain. Quantum-
chemical optimization and Mulliken electron population showed that from C2 to C15 the 
positive charge at the head group (HG) decreased 0.025, while the charge at combined 
HG + α-CH-2 increased 0.037 and for C6 or longer, the alkyl side group presents a tilt in 
the geometry, moving away from the plane. 

 

COLL 285 

Selective Detection and Photothermal Therapy of Cancer Cells using Iron Core 
Gold Shell Nanoparticles: SWCNT Hybrid Nanostructures 

Bhanu Priya Viraka Nellore, bhanupriyareddy.v@gmail.com, Ashton T Hamme 
II.Department of 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 nanoparticle 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 (SWCNTs) arrayed with iron core gold shell nanoparticles 



have the potential to be used for medical diagnosis via 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 a gold 
nanoparticle thereby creating a gold nanoshell. Confirmation of the encapsulation of the 
iron nanoparticles with gold nanoparticles was realized through a combination of UV, 
Raman spectroscopy, and TEM. These iron core gold shell nanoparticles were then 
anchored onto a functionalized SWCNT through the formation of a sulfur carbon bond. 
TEM images provided evidence of the gold shell/iron core nanoparticle decorated 
SWCNTs.  

Acknowledgments: We thank the National Science Foundation (PREM NSF DMR-
633156 and HBCU-RISE: HRD-1137763) and the National Institutes of Health RCMI 
program (G12RR13459 (Analytical CORE facilities)). 

COLL 286 

Directed Assembly of Porphyrins and Phthalocyanines on Graphitic Surfaces 

Meagan Elinski, meagan.elinski@gmail.com, Carrie Carpenter, James 
Batteas.Department of Chemistry, Texas A&M University, College Station, Texas 
77840, United States 

One application of graphene, a two dimensional allotrope of carbon, is its use as the 
semiconducting channel in field-effect transistors (FETs). Since the conductivity of the 
channel is dependent on the transport properties of the material, shifting the bandgap of 
graphene through n- or p-type doping can fine tune the FET switch point. To achieve 
this, the directed assembly of porphyrinoids through the oxidation of highly ordered 
pyrolytic graphite was studied. Oxidation was achieved locally through atomic force 
microscopy (AFM) biased lithography and on a larger scale through UV-Ozone. The 
resulting porphyrinoid on graphite oxide was then studied with Raman spectroscopy and 
AFM for identification and coverage calculations. Once the different interactions are 
understood for the complete set of porphyrinoids the system can be applied to 
graphene. Then with appropriate combinations of electron donating and withdrawing 
porphyrinoids highly tailored FETs can be developed. 

COLL 287 

Stable Anisotropic Gold Nanoparticles and Their Applications as Photothermal 
Heating Materials 

Jiayun Hu, jhu@ilstu.edu, Jun-Hyun Kim.Department of Chemistry, Illinois State 
University, Normal, IL 61790-4160, United States 



A simple synthetic method is proposed to prepare stable anisotropic gold nanoparticles 
possessing a strong and broad absorption band in the presence of poly(N-
isopropylacrylamide). The resulting nanoparticles were thoroughly characterized by UV-
visible spectrophotometer, scanning and transmission electron microscopes, and 
dynamic light scattering, infrared spectrometer, Raman spectroscopy, and gel 
permeation chromatography. These anisotropic gold nanoparticles exhibited prolonged 
stability and showed efficient photothermal heating of water upon exposure to solar-
simulated light due to the unique optical property and high surface-to-volume ratio. 
Subsequently, these nanoparticles were employed in the carbon-carbon bond forming 
reaction in the presence and absence of light irradiation to examine their catalytic 
efficiency. The reaction rate and yield was generated enhanced in the presence of 
these anisotropic gold nanoparticles under light irradiation. 

COLL 288 

Peracid-modified silica as heterogeneous oxygen transfer agents 

Christian A Contreras, Patricia A Ignacio-de Leon, Patricia.Leon@northwestern.edu, 
Justin M Notestein.Department of Chemical and Biological Engineering, Northwestern 
University, Evanston, IL 60208, United States 

Alkyl and aryl peracids have been incorporated onto silica materials either by sol-gel 
synthesis or by grafting of nitrile or ester groups, which were subsequently hydrolyzed 
and oxidized. These materials have been characterized by FTIR, TGA, solid-state NMR, 
and iodometric determination of peracid content. The peracid-modified silicas were 
evaluated as oxygen transfer agents for the epoxidation of linear and cyclic alkenes 
(e.g. n-octene, cyclohexene, cyclooctene and styrene). The use of sol-gel materials 
resulted in better selectivity towards epoxide formation compared to grafted materials. 
The higher surface density of silanols in the latter may have contributed to the ring-
opening of the epoxides into the diols. We can tune the selectivity and throughput of our 
heterogeneous oxidants by varying key parameters such as the structure and surface 
density of the peracids, as well as the structure and surface density of silanol-capping 
moieties. In addition, these organic-inorganic hybrid materials are advantageous for 
ease of handling and separation of products, can be regenerated, and can be readily 
adapted for either batch or flow systems. 

COLL 289 

Giving polypeptide colloidal hybrid particles a gentle buzzcut 

Cornelia Rosu, crosu1@tigers.lsu.edu, Rafael Cueto, Paul Russo.Department of 
Chemistry, Louisiana State University, Baton Rouge, LA 70803, United States 

This work explores the capability of the NaOH etching process for controlling the 
morphology of SiO2 particles coated by a homopolypeptide shell. Polypeptides such as 
poly (Nε-carbobenzyloxy-L-lysine), PCBL and poly (o-benzyl-L-tyrosine), PBTYR, were 



grown by ring opening polymerization of the corresponding N-carboxyanhydrides 
initiated by amino functional groups, decorating the silica surface. These hybrid 
particles, either covalently doped with fluorescein isothiocyanate, FITC, or lacking it, 
have shown different mesoporous structures upon treatment with solution of NaOH as a 
consequence of the selective etching from the interior. The polypeptide shell seemed to 
stabilize the surface against chemical etching. A key approach was developed to 
assess the molecular weight of the grafted polymers on silica surface. Comparative 
control experiments conducted on untethered polypeptide have demonstrated that 
polypeptide degradation did not occur during the treatment and did not affect the value 
of the molecular weight. 

COLL 290 

Self-assembly of Amyloid Beta Peptide over Nitro-Dialkoxy Disulfide 
Functionalized Nano Gold Colloidal Particles 

Kazushige Yokoyama1, yokoyama@geneseo.edu, Amy Tran1, Sophia Hwangbo1, 
Ronny Priefer2.Â  (1) Department of Chemistry, SUNY Geneseo, Geneseo, NY 14454, 
United StatesÂ  (2) Department of Chemistry, Niagara University, Niagara, NY, United 
States 

Aiming to more stably produce an oligomer form of amyloid beta (i.e., a key 
intermediate of fibrillogenesis which eventually leads to Alzheimer's disease), the 
surface of gold colloids were functionalized with nitro-dibenzyloxy disulfide. The 
reversible color change was observed over for all sizes of the tested gold colloidal 
particles ranging between 10 nm and 100 nm. Functionalization of gold colloidal surface 
with nitro-dibenzyloxy disulfide achieved larger amplitude in repetitive peak shift 
between pH 4 and 10 implying a formation of an oligomer under the reversible process. 

COLL 291 

Application of 1,3-Dipolar Cycloaddition toward SWCNT Functionalization and 
Subsequent Attachment of Gold Nanoparticles 

Yunfeng Lin, linyunfengxhj@yahoo.com.cn, Ashton T Hamme II.Department of 
Chemistry & Biochemistry, Jackson State University, Jackson, MS 39217, United States 

Similar to other allotropes of carbon, single walled carbon naonotubes (SWCNTs) are 
insoluble in a variety of solvents. A number of synthetic methods have been used to add 
non-carbon functional groups to SWCNTs in order to make them soluble in organic 
solvents. Among those synthetic techniques is 1,3-dipolar cycloaddition. In our studies, 
we used a synthetic protocol that incorporated the use of nitrile oxides as 1,3-dipoles 
that reacted with the SWCNTs in a [2+3] fashion when heated via conventional methods 
or microwave promotion. In order to confirm that cycloaddition was realized, FTIR was 
used to identify the newly formed ester functional group of the desired product. Reaction 
of the ester functional group of the SWCNT with cysteamine under microwave 



conditions formed the targeted thiol capped SWCNT where the presence of the thiol 
functionality was determined through Raman Spectroscopy. After the thiol capped 
SWCNT was reacted with gold nanoparticles, TEM was used to verify that the gold 
nanoparticle successfully attached to the SWCNT. 

Acknowledgments: We thank the National Science Foundation (HBCU-RISE: HRD-
1137763) and the National Institutes of Health RCMI program (G12RR13459 (Analytical 
CORE facilities)). 
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Synthesis and properties of the nanostructured polyaniline as a support for 
horseradish peroxidase immobilization 

Hangjun Ding1, dinghangjun@163.com, Xinghua Wen2, Huai Yang3, Zhou Yang1, Hui 
Cao1.Â  (1) School of Materials Science and Engineering, Univeristy of Science and 
Technology Beijing, Beijing, Beijing 100083, ChinaÂ  (2) Department of Environmental 
Science and Engineering, Tsinghua University, Beijing, Beijing 100084, ChinaÂ  (3) 
Department of Materials Science and Engineering, Peking University, Beijing, Beijing 
100871, China 

In this paper, we reported a simple and fast immobilization of Horseradish 
peroxidase(HRP) on PANI nanofibers using in situ polymerization. It is found the 
micelles composed with aniline monomer and HRP can act as the soft templates to form 
the PANI nanofibers-HRP. HRP could be attached firmly on the PANI without 
glutaraldehyde which was necessary for the PANI-HRP in the previous literatures. PANI 
nanofibers-HRP was tested to oxidize the Guaiacum Phenol and Methyl Orange and it 
was demonstrated that immobilization significantly enhanced the storage stability of the 
enzyme. When stored at 4℃, no obvious activity loss was observed for the PANI 
nanofibers-HRP after 6 months while only 20% activity of free HRP was maintained at 
the same conditions. After 6 times of usage, almost 70% of the initial activity of PANI 
nanofibers-HRP could be still remained. 

COLL 293 

Surface chemistry of water-covered Si(001)-2×1: silicon radical versus silanol 
reactivity 

François Rochet1, francois.rochet@upmc.fr, Debora Pierucci1,2, Fabrice Bournel1, 
Ahmed Naitabdi1, Jean-Jacques Gallet1, Héloïse Tissot1,2, Stefan Kubsky2, Ulrich 
Köhler3.Â  (1) Laboratoire de Chimie Physique MatiÃ¨re et Rayonnement, UniversitÃ© 
Pierre et Marie Curie, Paris, FranceÂ  (2) SOLEIL Synchrotron Facility, Saint Aubin BP 
48 GIF-sur-YVETTE CEDEX, FranceÂ  (3) EXPERIMENTALPHYSIK IV SURFACES, 
RUHR University BOCHUM, Bochum, Germany 



Water react dissociatively on the Si(001)-2x1 surface, preserving the dimerization. 
Monohydrides and silanols are present on the surface, together with a low (10-2 ML) 
surface concentration of isolated dangling bonds, whose electronic structure is identical 
to those found on the H-terminated surface.1 Therefore by analogy the case of the H 
terminated surface, radical chain reactions (via H jumps) between isolated dangling 
bonds and pi bonded molecules are expected.2 However (i) radical reactions via OH 
jumps, together with direct reactions with (ii) silanols and (iii) monohydrides must be 
envisaged. We present here a study of the chemical reactivity of the water-covered 
Si(001) surface exposed to alkenes, carboxylic acids and aldehydes, using synchrotron 
x-ray photoemission and scanning tunneling microscopy in combination. While, alkenes 
likely react via a radical mechanism (H jump), carboxylic acid grafting consumes surface 
OH and an ester is formed. The reaction of aldehydes is discussed in terms of the 
formation of (hemi-)acetals or of ethers. Compared with classic organic reactions 
(esterification,acetal formation) which are slow/reversible, the grafting of 
aldehydes/carboxylic acids is efficient on the water-covered Si(001)-2x1. This class of 
high selectivity reactions is a interesting option for the grafting of organic molecules on 
Si(001), especially for polyfunctional molecules, which generally adopt multiple bonding 
configurations on the clean Si(001) surface. 

References: 

(1) J.-J. Gallet, F. Bournel, F. Rochet, U. Köhler, S. Kubsky, M.G. Silly, F. Sirotti, and D. 
Pierucci, J. Phys. Chem. C, 2011, 115 (15), pp 7686–7693 

(2) Lopinski, G. P.; Wayner, D. D. M.; Wolkow, R. A. Nature 2000, 406, 48– 51 
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Synthesis and Superlattice of Metal Oxide Nanoparticles 

William W Yu, wyu6000@gmail.com.Department of Chemistry and Physics, Louisiana 
State University Shreveport, Shreveport, LA 71115, United States 

Metal oxide nanoparticles of Fe3O4, ZnFe2O4, AlFe2O4, and ZnMnFe2O4, have been 
synthesized with adjustable size in different ranges. They are monodisperse and 
dispersible in organic solvents, such as chloroform, hexane, and toluene; they can be 
easily transferred into aqueous phase using amphiphilic polymers and small surfactants 
for biological and environmental applications. The synthesized spherical metal oxide 
nanoparticles can self-assemble into superlattices in solution through the control of 
temperature variation rate. 

COLL 295 

Size Effect Investigation of Palladium Nanoparticles Supported into Silica 
Colloids as the Catalyst for Suzuki Cross Coupling Reaction 



Marsha Sintara, msintara@chm.uri.edu.Chemistry, University of Rhode Island, 
Kingston, Rhode Island 02882, United States 

Palladium nanoparticles (Pd NPs) provide high activity in catalyzing Suzuki cross 
coupling reaction, which is the most versatile reaction for forming carbon-carbon bond, 
due to its high surface to area ratio. Silica colloids are used as the support for Pd NPs to 
provide heterogeneous catalysis for the reaction. Size factor is very important in the 
activity of the catalyst. 

Four different sizes of Pd NPs stabilized by PVP are synthesized using seed-mediated 
growth method and supported onto silica colloids. Besides that, four different sizes of 
silica colloids were synthesized as the support of seed Pd NPs. All of the catalysts were 
used for Suzuki reaction of phenylboronic acid and iodobenzene. The size effect of the 
PdNPs supported by silica colloids was compared by comparing the turnover number 
(TOF) of each of the catalyst. We found out that the smaller the size of the Pd NPs, the 
higher the activity of the catalyst. 

COLL 296 

Static and Dynamic Surfaces to Control Stem Cell Differentiation 

Preston Fulmer1, preston.fulmer@nrl.navy.mil, Daniel Ratchford1,2, Thomas 
O'Shaughnessy1, Daniel Barlow1, Pehr Pehrsson1, Stanislav Tsoi1,2, Lisa Fitzgerald1, 
Bradley Ringeisen1.Â  (1) Naval Research Laboratory, United StatesÂ  (2) National 
Research Council Post-Doc, United States 

Traditional in vitro stem cell differentiation is controlled via chemical stimuli. However, 
recent reports have indicated that mechanical stimuli can influence differentiation as 
well. A number of methods were employed to further elucidate the mechanisms by 
which such stimuli control human mesenchymal stem cell differentiation: nanostructures 
(Si nanowires), matrix elasticity (PDMS of varying stiffness), and mechanical force 
(ultrasound). Additionally, novel surface treatments of materials were investigated to 
determine their ability to enhance stem cell adhesion and proliferation on a variety of 
novel surfaces. Differentiation was monitored by standard molecular biology methods 
(immunostaining, qPCR) as well novel methods including atomic force microscopy 
(AFM) and ATR-FTIR. These novel material/surface treatments exhibited increased 
rates of cell adhesion and stem cell differentiation when compared to polystyrene plastic 
controls. When combined with in vitro differentiation monitoring via AFM and ATR-FTIR, 
this system allows for increased differentiation rates, and increased ease of monitoring 
differentiation. 

COLL 297 

Nano-faceted Metal Surfaces: Catalysis and Nano-templates 



Wenhua Chen, wchen@physics.rutgers.edu, Quantong Shen, Robert A. 
Bartynski.Department of Physics and Astronomy, Rutgers, The State University of New 
Jersey, Piscataway, NJ 08854, United States 

In this work, nano-faceted metal surfaces have been used as model catalysts for 
various reactions and as nano-templates for growth of metallic nanostructures. Faceting 
of metal surfaces is a form of self-assembly on the nanometer scale and occurs when 
an initially planar surface of a metal single crystal converts to a nano-faceted surface 
with “hill and valley” structure exposing new crystal faces on the nanometer scale when 
covered by gas or metal followed by annealing in vacuum or upon annealing in gas. 
Annealing Ir(210) in O2 leads to formation of nano-faceted O/Ir(210) that consists of 
three-sided pyramids exposing (311), (31-1) and (110) faces on each pyramid, and 
clean faceted Ir(210) can be routinely prepared in-situ by reaction with hydrogen at 
400K. We have carried out a series of reactions on clean planar Ir(210) and clean 
faceted Ir(210) with different facet sizes to probe for structure sensitivity and size effects 
on the nanometer scale. Annealing Ru(11-20) in NO2 produces ridge-like faceted 
Ru(11-20) surface exposing (10-11), (10-1-1), (01-11) and (01-1-1) faces. Faceted 
O/Ru(11-20) facilitates growth of Au nanoclusters at room temperature which 
preferentially nucleate within valleys of the faceted surface. This work is supported by 
DOE (Contract No. DE-FG02-93ER14331). 

COLL 298 

Nanopatterns of multidentate adsorbates fabricated through particle lithography: 
Comparison of surface degredation of alkanethiols versus multidentate thiols 
using atomic force microscopy 

Lauren Englade-Franklin1, lengla5@lsu.edu, Lu Lu1, Zachary Highland1, Gabrielle 
Perry1, T. Randall Lee2, Jayne Garno1.Â  (1) Department of Chemistry, Louisiana State 
University, Baton Rouge, LA 70803, United StatesÂ  (2) Department of Chemistry, 
University of Houston, Houston, TX 77204, United States 

Multidentate thiol self-assembled monolayers (SAMs) form multiple thiol-gold bonds to 
the surface which should improve the overall stability of the films. Using atomic force 
microscopy (AFM) we are investigating the structure and properties of multidentate 
SAMs in comparison to traditional n-alkanethiol SAMs, which have a single thiol link to 
gold surfaces. Test platforms of thiol SAMs were prepared using particle lithography 
and investigated under different conditions. Monolayers of traditional alkanethiols were 
compared side-by-side with multidentate thiols using AFM. The performance of the 
multidentate adsorbates and stability can be evaluated systematically as a function of 
the structure, e.g. the nature of the headgroup, junction, and tailgroups. The extent of 
surface degradation can be viewed directly with AFM images, and significant changes 
are evident after ex situ exposure to heat, light, or chemical reagents. These studies will 
enable a quantitative evaluation of the resist qualities of multidentate adsorbates. 

COLL 299 



Directed self-assembly of fibronectin using particle lithography with 
organosilanes 

ChaMarra K. Saner, csaner1@lsu.edu, Cody N. Leegwater, Jayne C. 
Garno.Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803, United 
States 

An approach will be described for high-throughput patterning of fibronectin using the 
headgroups of organosilane self-assembled monolayers to achieve spatial selectivity at 
the nanoscale. By combining particle lithography with organosilane self-assembly, 
regularly arranged nanostructures can be prepared for immobilizing proteins. For 
particle lithography, basic bench chemistry steps of mixing, heating, centrifuging and 
drying were used to rapidly and reproducibly prepare billions of nanostructures with 
relatively few defects. The organosilane nanopatterns provide a surface template for 
studies of biological systems, such as for studies of the extracellular matrix protein, 
fibronectin. The nanopatterns furnish a robust surface platform that can sustain multiple 
successive measurements with scanning probe microscopy, and may also be useful for 
mediating surface directed growth of cells. Scanning probe studies will be presented 
which evaluate the surface conformation of the protein after immobilization. The 
nanopatterning approach enables fundamental investigations of protein-binding 
interactions for application in bioassays and biosensor surfaces. 

COLL 300 

STM Analysis of the Electronic Structure of Isolated Dangling Bonds on Variously 
Doped Water-Saturated Si(001)-2 x 1 Surfaces 

François Rochet1, Ahmed Naitabdi1, Debora Pierucci1, Nicholas Williams2, 
williamsn2@chc.edu.Â  (1) Department of Physical Chemistry, UniversitÃ© Paris 6, 
Paris, Ile de France 75005, FranceÂ  (2) Department of Chemistry, Chestnut Hill 
College, Philadelphia, Pennsylvania 19118, United States 

Using scanning tunneling microscopy and spectroscopy (STM/STS), the electronic 
properties of isolated dangling bond (IDB) defects on variously doped n and p-type 
water saturated Si(001) – 2 x 1 surfaces are examined. Analysis of the IDB surface 
density and STM tip height at the IDB defects for samples of different dopant type and 
concentration provide valuable insight into the reactivity of the unsaturated surfaces, as 
well as the electronic structure of the IDBs. The information acquired from the 
topological height maps of the STM images is then correlated to STS curves of the IDB 
defects on the variously doped sample surfaces. Using this data, further insight is 
garnered toward an explanation of the IDB charge state, which is neutral for all dopant 
concentrations except for heavily doped n-type silicon, which is negatively charged. 

COLL 301 

Functionalization of Titanium Nanoparticles and Titanium Plates 



Max V Korzec2, Z1615767@students.niu.edu, Stephen Craig1, Zhenbin Niu1.Â  (1) 
Department of Chemistry, Duke University, Durham, NC 27713, United StatesÂ  (2) 
Department of Chemistry and Biochemistry, Northern Illinois University, Dekalb, IL 
60115, United States 

Titanium Dioxide nanoparticles can be functionalized with a variety of aldehyde, amine, 
or silane groups under “simple” chemical conditions. The hydroxy groups surrounding 
the oxidized titanium are susceptible to react with a collection of practical chemicals that 
allow for antibody and protein attachments. Dopamine, 3,4 dihydroxybenzaldehyde, and 
APTS have produced consecutive results. Though not in substantial quantities, 
confirmations of attachment to the Titanium Dioxide nanoparticles were characterized 
using 1H, 13C-NMR and IR. Techniques and methods were transferred to Oxidized 
Titanium plates, where X-ray photoelectron spectroscopy was used to quantify surface 
binding. Surface functionalization of Titanium metal has been investigated to construct 
reliable ventricular assist devices. Current devices oppose natural biological flow 
through the tubular structure, presenting problems with specific protein buildup. The 
goal is to investigate and quantify functionality on Titanium nanoparticles to eventually 
transfer data and methods to use for alternate antibody and protein attachments to 
Titanium metal. 

COLL 302 

Loading of gold nanoparticles and nanoshells into human serum albumin 
nanoparticles for targeted drug delivery 

Donna V. Peralta, dvweaver@uno.edu, Tina Trosclair, Marta Sans, Matthew A. 
Tarr.Department of Chemistry and Advanced Materials Research Institute, University of 
New Orleans, New Orleans, LA 70148, United States 

Recently, much progress has been made in the use of nanoparticles (NPs) as early 
detection and treatment options for many different types of cancer and other diseases. 
Human serum albumin (HSA), the most abundant human blood protein, has been 
studied as a promising cancer detection and treatment carrier system. HSANP colloids, 
formed via a desolvation and cross linking method have had major success; with the 
size of the HSANPs having crucial importance for loading and in vivo performance. This 
research reports an efficient method for preparing, loading and characterizing HSANPs 
colloids by varying preparation parameters and notably further improving the purifying 
step, which is key to understanding yield and formation dynamics. Furthermore, the 
desolvation and cross-linking creation method was employed to encase already formed 
gold nano-shells (AuNSs) and solid gold nanoparticles (AuNPs) into HSANPs. These 
relatively non-toxic, metallic gold nano particles offer combinational therapy via imaging 
and photo-thermal ablation techniques. 

COLL 303 

Interfacial Tension Measurements at Elevated Temperatures/Pressure 



Kyle Karinshak, kyle.karinshak@ou.edu, Brian P Grady, Guangzhe Yu.CMBE, 
University of Oklahoma, Norman, Oklahoma 73072, United States 

Research into the interfacial tension of various asphaltenes dissolved in toluene and 
crude oils at elevated temperatures and pressures required the construction of a special 
cell. A custom-made heating jacket enabled us to raise the cell to the desired 
temperature while still allowing for a picture of the drop for determination of drop shape 
and hence interfacial tension. A special high temperature window was required to 
withstand both the pressure and allow a photograph of the drop. Two input valves 
allowed us to input the heavy phase and light phase separately. Once equilibrium had 
been reached, the light phase would be injected until a satisfactory bubble formed. The 
change in densities of both phases with respect to temperature needed to be accounted 
for. Measurements were usually made for one to two hours at 25 °, 50 °, 75 º, 100 °, 
and 125 °C, with the capability of measurements as high as 175 °C. 

COLL 304 

Antimicrobial nanoparticles coating of cotton using simultaneously enzymes and 
ultrasound 

Sonia Touriño Eirin, sonia.tourino@upc.edu, Kamelia Traeger, Tzanko 
Tzanov.Chemical Engineering, Universitat PolitÃ¨cnica de Catalunya, Terrassa, 
Barcelona 08211, Spain 

ZnO nanoparticles (NPs) have received increasing attention as antibacterial 
materials[1]. It has been shown that the antibacterial effect of ZnO depends on the 
particle size[2]. Enzymatic pre-treatment of cotton fabrics previously showed to improve 
the uniformity and reduce the size of ZnO NPs, thus increasing their antimicrobial 
efficiency[3]. Herein, we developed a coating process for cotton fabrics using 
simultaneously cellulases/ZnO/ultrasound. Uniform coating with high antibacterial 
activity was obtained in this similtaneous process employing low concentration of ZnO 
(2mM).  

[1] Stoimenov, P.K., et al., Metal Oxide Nanoparticles as Bactericidal Agents. Langmuir, 
2002. 18 (17): p. 6679-6686. 

[2] Yamamoto, O., Influence of particle size on the antibacterial activity of zinc oxide. 
International Journal of Inorganic Materials, 2001. 3 (7): p. 643-646. 

[3] Perelshtein, I., et al., Enzymatic pre-treatment as a means of enhancing the 
antibacterial activity and stability of ZnO nanoparticles sonochemically coated on cotton 
fabrics. Journal of Materials Chemistry, 2012. 22 (21): p. 10736-10742. 
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Simultaneous coating of hybrid bio nanocomposite (Chitosan/Zinc Oxide 
nanoparticles) using ultrasounds to enhance the antimicrobial activity of Cotton 
Fabrics 

Sonia Touriño Eirin, sonia.tourino@upc.edu, Petya Petkova, Kamelia Traeger, Tzanko 
Tzanov.Universitat PolitÃ¨cnica de Catalunya, Terrassa, Barcelona 08211, Spain 

Synthesis of hybrid material (chitosan/ZnO nanoparticles) was performed using different 
concentrations of ZnO and chitosan. Cotton fabrics were successfully coated by means 
of a simultaneous sonochemical deposition of two compounds with intrinsic antibacterial 
activity, chitosan and ZnO nanoparticles (NPs). The sonochemical process for cotton 
coating with hybrid antimicrobials was optimised in terms of compounds concentrations, 
processing pH, time, and solvent used. Considering that high concentration of ZnO NPs 
renders the fabrics rather hydrophobic without significantly improving further their 
antimicrobial performance 2 mM ZnO NPs and 0.3 % of chitosan were selected as the 
optimum concentrations to be used in the simultaneous sonochemical coating process. 
The hybrid chitosan-ZnO coating material displays higher antibacterial activity when 
compared to the coatings comprising the individual components as chitosan. 

COLL 306 

Anisotropic Forces and Adhesion in Gecko Inspired Biomimetic Surfaces 

Joseph Cremaldi, jcremald@tulane.edu, Kejia Jin, Noshir Pesika.Department of 
Chemical and Biomolecular Engineering, Tulane University, New Orleans, LA 70118, 
United States 

This research focuses on the advancement of novel biomimetic surface modification 
based on gecko structures. The gecko's toe uses a fibrillar adhesive system to allow 
anisotropic friction, thereby allowing it to move on vertical surfaces with ease or even 
upside down. These structures have been mimicked using polymer microstructures at 
which point a tribometer is used to measure friction forces as well as the normal force of 
adhesion. Furthermore, another level of mimicking has inserted tilted structures into the 
picture, allowing for anisotropic interactions in friction. Current results are comparable to 
the natural gecko's characteristics. New studies are in progress to observe the 
efficiency of the synthetic structures in different environments and in scaling the test 
surfaces. Once realized, these materials would be applicable to those situations in 
which chemical adhesives are utilized. 

COLL 307 

Bridged polysilsesquioxane spheres as stabilized UV absorbers for sunscreens 

Stephanie Tolbert, stolbert@email.arizona.edu, Douglas Loy.Chemistry and 
Biochemistry, University of Arizona, Tucson, Arizona 85721-0041, United States 



Compromises to healthy skin are frequently caused by extended exposure ultraviolet 
(UV) radiation. While commercial sunscreen ingredients are successful at initial 
protection, they are severely limited in safety and effectiveness due to UV-induced 
decomposition and skin allergies. Efforts to mitigate ingredient instability involve 
microencapsulation within a metal alkoxide shell. Unfortunately, leaching can occur, 
resulting in dangerous skin penetration. Preliminary investigations with bridged-dansyl 
spheres detail that covalent incorporation of a bridged silsesquioxane is preferred to 
securely attach the ingredient to the silica matrix and minimize leaching. Additionally, 
monodisperse spheres are easily prepared, are visibly transparent in cosmetic 
formulations, and display increased UV stability over that of un-incorporated and 
pendant silsesquioxane counterparts. Current efforts involve the preparation and first 
investigation of bridged silsesquioxane analogues of commercial sunscreen ingredients 
for incorporation within silica spheres. As such, these new ingredients can eliminate the 
problems associated with current sunscreens. 

COLL 308 

Surface Modification of Carbon Hard Sphere Via Surface Initiated Atom Transfer 
Radical Polymerization 

Lakhinder Kamboj, lkamboj@tulane.edu.Chemical and Biomolecular Engineering, 
Tulane University, New Orleans, Louisiana 70003, United States 

Lubricants play an integral role in the operation of several technologies and in biology 
also, ranging from moving parts in machinery to the biolubrication of artificial joints. We 
have found that a colloidal dispersion consisting of easily synthesized highly spherical 
and uniform carbon particles coupled with surface grafting of polymers that results in a 
very effective water soluble lubricant with low friction coefficient and excellent surface 
wear protection. We propose that these particles would increase the overall friction 
coeffient than without the grafted polymer. These particles use a rolling mechanism 
similar to nano –or microscale ball bearing under confinement. The effect of several 
parameters of lubrication including the thickness of the grafted polymer layer, type of 
polymer grafted, along with the size and porosity of the carbon particles will be 
presented. 

COLL 309 

Photocatalytic degradation of 4-chlorophenol: Effects of Ag and Au and its 
activity in a multi-stage reactor 

Pramoch Rangsunvigit, pramoch.r@chula.ac.th, Sitthicahi Tangsatjatham, sumaeth 
chavadej.Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, 
Thailand 

Photocatalytic activities of Ag/TiO2 (Degussa P25), Au/TiO2 (Degussa P25) and 
temperature treated TiO2 (Degussa P25) on the 4-chlorophenol degradation were 



studied. A batch-type reactor was used to carry out the reaction with suspended TiO2, 
while a continuous multi-stage reactor was used for immobilized TiO2 under an 
irradiation of 11 W low pressure mercury lamp with the wave length of 200-300 nm. 
From the batch type reactor, the presence of either temperature treated TiO2, Ag/TiO2 
or Au/TiO2 affects insignificantly the 4-CP degradation compared to the photolysis. In 
contrast, TiO2 significantly affects the formation/degradation of intermediates, 
hydroquinone and hydroxyhydroquinone. The presence of Ag and Au does not improve 
the catalytic activity of TiO2 in the 4-CP degradation but it affects the degradation of the 
intermediates. TiO2 was immobilized on the cylindrical stainless steel mesh by dip-
coating with the suspension of TiO2 (Degussa P25) in methanol and used as the 
catalyst in the multi-stage reactor unit. The titania on the stainless steel mesh support 
was found to be well adhered and its activity was still high after the regeneration. 

COLL 310 

Improved Analysis for Determining Diffusion Coefficients from Short Single-
Molecule Trajectories with Photoblinking 

Bo Shuang, bs16@rice.edu.Department of Chemistry, Rice University, Houston, Texas 
77005, United States 

Two Maximum Likelihood Estimation (MLE) methods were developed for optimizing the 
analysis of single-molecule trajectories that include phenomena such as experimental 
noise, photoblinking, photobleaching, and translation or rotation out of the collection 
plane. In particular, short, single-molecule trajectories with photoblinking were studied, 
and our method was compared with existing analytical techniques applied to simulated 
data. The optimal method for various experimental cases was established, and the 
optimized MLE method was applied to a real experimental system: single-molecule 
diffusion of fluorescent molecular machines known as nanocars. 

COLL 311 

The interaction of dibenzothiophene with Ag clusters on oxidized and reduced 
TiO2(110) 

Elizabeth R. Webster, elizabethwebster@sandiego.edu, Aileen Park, 
aileenpark@sandiego.edu, Victoria C. Park, Miranda Stratton, Lauren Benz.Department 
of Chemistry and Biochemistry, University of San Diego, San Diego, CS 92110, United 
States 

We have investigated the interaction of dibenzothiophene (DBT) with a TiO2(110) 
surface using temperature programmed reaction spectroscopy and X-ray photoelectron 
spectroscopy. DBT molecularly desorbs from a reduced surface with a desorption 
activation energy of 110 kJ/mol. No reaction products were observed, and no residual 
carbon or sulfur accumulated on the surface. We also studied the effect of metallic silver 
nanoparticles on the desorption activation energy, as well as the interaction of DBT with 



the oxidized surface, and oxidized supported Ag clusters. The results of this work are 
important in understanding the adsorptive removal of DBT and related compounds from 
petroleum using supported Ag clusters. 

COLL 312 

Synthesis and Self-Assembly of Mono-Functionalized Thiophenes 

Laura E. Heller1, laura.heller@fandm.edu, Julianne Whitleigh1, Danielle F. Roth1, 
Elisabeth M. Oherlein1, Felicia R. Lucci1, Kristopher J. Kolonko2, Katherine E. Plass1.Â  
(1) Department of Chemistry, Franklin & Marshall College, Lancaster, PA 17603, United 
StatesÂ  (2) Department of Chemistry, Siena College, Loudonville, NY 12110, United 
States 

Self-assembly of thiophene compounds at interfaces can influence the properties of 
devices with components containing these ubiquitous functional groups, yet this process 
is poorly understood. Here the influence of substitution on self-assembly of 
alkylthiophenes is studied to uncover the affects of substitution on the patterns formed 
by molecules at the liquid/solid interface. Monofunctionalized thiophene derivatives 
including N-octadecyl-2-thiophenecarboxamide, N-octadecyl-3-thiophenecarboxamide, 
N-octadecyl-N'-2-thiophene-urea, and N-octadecyl-N'-3-thiophene-urea were generated 
and the self-assembled monolayers were studied using scanning tunneling microscopy 
(STM). It is apparent that different moieties and ring-substitution positions influence 
packing pattern. Attaching amide functional groups at the 2- versus the 3-position 
affected the orientation of molecules within the monolayer in a manner consistent with a 
drive toward centrosymmetricity. Introduction of urea functionality induced dramatic 
changes in the molecular conformation and hydrogen-bonding pattern. The monolayers 
were modeled using molecular mechanics and analyzed using DFT calculations to 
explore why changes in molecular structure influenced the packing patterns. 

COLL 313 

Multi-photon photochemistry to map the local fields of plasmonic nanocrescents 

Rebecca Goldstein1, rsg0828@westminstercollege.edu, Cara Barnes1, Xiaojin Jiao2, 
Steve Blair2, Jennifer Shumaker-Parry1.Â  (1) Department of Chemistry, University of 
Utah, Salt Lake City, Utah 84112, United StatesÂ  (2) Department of Electrical and 
Computer Engineering, University of Utah, Salt Lake City, Utah 84112, United States 

Plasmonic nanocrescents are asymmetric structures with non-uniform, polarization 
dependent near-field distributions. We investigated the near-field distribution of 
nanocrescents using localized photo-polymerization. Polymerization of SU-8 photoresist 
was initiated through two-photon absorption (TPA). AFM was used to visualize the 
topography of cross-linked polymer relative to gold nanocrescents. Due to the sensitivity 
of TPA to local intensity, we expected areas of cross-linked polymer to represent the 
spatial distribution of enhanced fields. After exposure and development of SU-8 coated 



nanocrescents, polymerized regions were characterized with AFM and results were 
compared to scanning electron microscopy (SEM) analysis. We observed a strong 
polarization dependence of the near-field due to the different plasmon resonance 
modes which were excited. Regions of polymerized SU-8 were partially correlated with 
the near-field distributions predicted by simulations. A better understanding of the near-
field plasmonic nanocrescents has implications for applications of the structures in 
sensing and spectroscopy. 

COLL 314 

Fabrication of Poly(glycerin)-b-Poly(e-caprolactone) Polymer Vesicles in Capillary 
Microfluidic Devices 

Sang Woo Han, medmexdark@naver.com, Jin Woong Kim.Department of Applied 
Chemistry, Hanyang University, Ansan, Gyeonggi-do 426-791, Republic of Korea 

We introduce a versatile microfluidic approach for fabricating monodisperse 
polymersomes with a new type of biocompatible and biodegradable block copolymers, 
polyglycerin(PG)-b-poly(e-caprolactone)(PCL). We use double emulsions as templates 
for the assembly of amphiphilic PG-b-PCL block copolymers into a vesicle structure. We 
observe how molecular architectures of block copolymer affect formation polymer 
vesicles in microfluidic devices. Depending on the block ratio between PG and PCL, the 
dewetting of template double emulsions can be controlled. To observe the ability of our 
polymersomes to encapsulate hydrophilic biomolecules, we encapsulate dextran probes 
in the core of polymersomes. In response to an osmotic pressure, the polymersomes 
break and release the probes. The vesicle system fabricated in this study provides a 
method for drug encapsulation and releasing and may potentially be applied in the fields 
of cosmetics, dermatology, and pharmaceuticals. 

COLL 315 

Photonic blocks: templated colloidal crystals 

Katherine R Phillips1, kphillips@fas.harvard.edu, Nicolas Vogel2, Joanna 
Aizenberg1,2.Â  (1) Department of Chemistry and Chemical Biology, Harvard University, 
Cambridge, Massachusetts 02138, United StatesÂ  (2) School of Engineering and 
Applied Sciences, Harvard University, Cambridge, Massachusetts 02138, United States 

Inverse opals are highly ordered, porous materials consisting of the negative space in a 
colloidal crystal. Their high periodicity gives them color, as these materials behave as 
three-dimensional photonic crystals. We investigated the use of doctor blading to 
template colloids and a silica precursor into pre-made molds, allowing for the formation 
of individual photonic crystal pieces. The shape of the mold was varied to change the 
packing of the colloids, identified by electron microscopy. These changes were then 
analyzed with optical spectroscopy to identify the effect of substrate geometry on the 
resulting optical properties of these photonic blocks. 



COLL 316 

Solution self-assembly of multidentate organothiols on Au(111) studied in situ 
using scanning probe microscopy 

Tian Tian1, ttian2@tigers.lsu.edu, T. R. Lee2, Jayne C. Garno1.Â  (1) Chemistry, 
Louisiana State University, Baton Rouge, LA 70803, United StatesÂ  (2) chemistry, 
University of Houston, Houston, TX 77204, United States 

The solution self-assembly of multidentate organothiols onto Au(111) was monitored in 
situ using time-lapse scanning probe microcopy (SPM). For regular n-alkanethiols, 
densely-packed monolayers typically are formed from dilute solutions within an hour or 
less; however, self-assembled monolayers (SAMs) of bulkier multidentate thiols were 
found to assemble more slowly. A clean gold substrate was first imaged in ethanolic 
media. Next, a solution of multidentate thiol was injected into the liquid cell. As time 
progressed, molecular-level details of the surface changes at different time intervals 
were revealed by high resolution SPM images. Nanoshaving and nanografting protocols 
were used to investigate the orientation of adsorbed molecules. Since the dimensions of 
n-alkanethiols have been well-studied, the thickness of the multidentate thiol film was 
also 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 317 

Solid-liquid surface functionalization of biopolymeric platforms with plant-derived 
polyphenols 

Guillem Rocasalbas, guillermo.rocasalbas@upc.edu, Kristina Ivanova, Petya Petkova, 
Tzanko Tzanov, tzanko.tzanov@upc.edu.Chemical Engineering, Universitat 
PolitÃ©cnica de Catalunya, Terrassa, Barcelona 08222, Spain 

This work reports a straightforward approach for covalent functionalization of solid 
biopolymeric platforms with plant-derived flavanoid-based antioxidants in order to 
generate materials with improved antioxidant and antimicrobial properties. The novelty 
of this approach consists in the use of thiolysis - a common analytical method for 
proanthocyanidins characterization – in a heterogenic phase reaction to covalently 
functionalize natural macromolecules such as chitosan with bioactive phenolic moieties. 
It is known that proanthocyanidins undergo depolymerization in acid medium, where in 
the presence of nucleophiles form stable flavan-3-ol derivatives. Based on this reaction, 
flavan-3-ol moieties from polyphenol extract of Hamamelis virginiana are incorporated 
covalently on previously thiolated chitosan matrix. The phenolics-functionalized chitosan 
possess improved antioxidant and antimicrobial properties in vitro 

COLL 318 



Determination of surface tension and its components of aqueous solutions using 
liquid-liquid interfacial tensions 

Hokyung Song, shkmss@gmail.com, Bi-min Zhang Newby.Department of Chemical 
and Biomolecular Engineering, University of Akron, Akron, Ohio 44325-3906, United 
States 

The purpose of this study is to provide a method that can determine surface tension and 
its components of aqueous solutions. We hypothesized that lower interfacial tensions 
between the aqueous solution and probe liquids would allow us to obtain more accurate 
surface tensions. One reason is that the lower interfacial tension would likely provide a 
smaller driving force for the solutes to transport to or from the water/oil interface. To 
verify our hypothesis, the surface tensions of several aqueous solutions: water, 3.5 wt. 
% salt, 30 wt. % sucrose, phosphate buffered saline, and a cell culture medium were 
determined. Probe liquids of benzaldehyde(BA), ethyl acetate(EA), ethyl ether(EE), 
benzene(BZ), and octane(OC) were selected based on their interfacial tensions with 
water and their polarity. In general, three probe liquids are needed to solve for the 
Lifshitz – van der Waals and acid/base components of the surface tension. Four 
combinations of the probe liquids were compared: BA-EA-EE, BZ-EA-EE, OC-EA-EE, 
and OC-BZ-EE, based on a sensitivity analysis with a 5% of error to the interfacial 
tensions of water and each of the probe liquids. Experimentally, the pendant drop 
method was utilized to determine the interfacial tensions. For water, due to the absence 
of solutes, all four combinations lead to similar values of surface tension and its 
components. However, when the solutes are presented, the values varied with the 
combination of the probe liquids used. More accurate values were indeed found to be 
resulted from the combination (i.e. BA-EA-EE) that had lower interfacial tension with 
water. 

COLL 319 

Application of scanning probe-based nanolithography for studies of multidentate 
thiol self-assembled monolayers formed on Au(111) 

Xianglin Zhai1, xzhai1@lsu.edu, Tian Tian1, T. Randall Lee2, Jayne C. Garno1.Â  (1) 
Department of Chemistry, Louisiana State University, Baton Rouge, Louisiana 70803, 
United StatesÂ  (2) Department of Chemistry, University of Houston, Houston, Texas 
77204, United States 

Although detailed investigations of monothiolated self-assembled monolayers (SAMs) 
have been reported, few studies have been accomplished for bidentate or tridentate 
thiol adsorbates. One may predict that bulkier multidentate SAMs would exhibit 
differences for the kinetics, stability and surface organization in comparison to n-
alkanethiols. We are combining liquid imaging with scanning probe-based 
nanolithography to enable side-by-side imaging of the surface structures of multidentate 
adsorbates versus n-alkanethiol SAMs (i.e. film thickness, periodicity). By increasing the 
force applied to the probe, selected small regions can be shaved away to expose the 



substrate. This furnishes a local measurement of film thickness, referencing the 
uncovered patches as a baseline. Using a liquid sample cell, fresh reagents can be 
introduced to the system and step-wise surface changes before and after 
nanofabrication can be monitored in situ. With a liquid environment studies of surface 
reactions can be accomplished with molecular views using time-lapse imaging. 

COLL 320 

Dynamics of nanoparticles in non-Newtonian aqueous dispersions 

Firoozeh Babaye Khorasani, firoozehbkh@gmail.com, Ramanan Krishnamoorti, 
Jacinta Conrad.Department of Chemical and Biomolecular Engineering, University of 
Houston, Houston, TX 77204-4004, United States 

The transport properties of nanoparticles in soft complex media are relevant for polymer 
and hydrogel nanocomposites but are still poorly understood. We use single-particle 
tracking to measure the diffusional dynamics of nanoparticles in non-Newtonian 
aqueous polymer solutions, which serve as models of viscoelastic porous media. We 
track the motion of polystyrene nanoparticles of diameter 400 nm in aqueous solutions 
of hydrolyzed polyacrylamide whose radii of gyration are comparable to the diameter of 
the nanoparticles over a wide-range of dilute and semi-dilute concentrations. At all 
concentrations, the mean-square displacement (MSD) of nanoparticles at long times is 
linearly proportional to time, indicating diffusive motion. The viscosity extracted from the 
MSD systematically varies with polymer concentration but is smaller than the zero shear 
rate viscosity measured at each polymer concentration using bulk rheometry, indicating 
that the dynamics cannot be explained in the context of microrheology of viscous 
solutions. 

COLL 321 

Influence of clay minerals on the mobility of positively charged nanoparticles in 
soil 

Whitney L Dudek, WLD007@BUCKNELL.EDU, Molly M McGuire.Department of 
Chemistry, Bucknell University, Lewisburg, Pennsylvania 17837, United States 

In order to understand how the mobility of positively charged nanoparticles is influenced 
by the clay minerals in a soil environment, atomic force microscopy (AFM) was used to 
observe the interactions of swelling clays with TiO2 nanoparticles. By measuring the 
swelling changes in individual quasi-crystals of a clay mineral, which were exposed to 
an aqueous suspension of nanoparticles of various sizes, the degree to which different 
types of nanoparticles may be incorporated into the interlayer regions of the clay 
minerals was determined. The behavior on the nanoscale was correlated with mobility in 
a soil environment in a series of column experiments. 

COLL 322 



Nanostructured films of octadecyltrimethoxysilane prepared on indium tin oxide 
substrates using particle lithography: Control of surface coverage and density 

Susan D. Verberne-Sutton, sverbe2@tigers.lsu.edu, Sean Hill, Sang G Youm, 
Evgueni E. Nesterov, Jayne C. Garno.Department of Chemistry, Louisiana State 
University, Baton Rouge, LA 70803, United States 

We have developed a method for creating organosilane nanostructures on indium tin 
oxide (ITO) using particle lithography and immersion. Glass substrates with ITO films of 
different thickness and corresponding resistivity were coated with mesospheres and 
immersed into silane solutions. Silica mesospheres provide a surface mask to prepare 
periodic arrangements of billions of regular nanostructures with relatively few defects. 
These spaces can then be further modified to create islands of desired chemical 
functionalities such as with a second silane using steps of surface-initiated 
polymerization. The masks were removed by solvent rinsing with sonication and then 
immersed into a second silane to create the nanoislands within the matrix. Samples 
were analyzed using contact and tapping-mode atomic force microscopy to evaluate the 
height, arrangement and geometries of the nanostructures. The nanostructures provide 
a foundation for chemical patterning or for molecular-level studies of the conductive or 
photophysical properties of samples. 

COLL 323 

Utillizing fluorescence spectroscopy to investigate the cholesterol induced liquid 
ordered phase formation in liposomes 

Brett Dunn, bdunn@monmouthcollege.edu, Jacob Hutton, Audra 
Sostarecz.Department of Chemistry, Monmouth College, Monmouth, Illinois 61462, 
United States 

The liquid ordered domain has been show to participate in signal transduction and 
protein targeting as in Alzheimer's Disease (AD) progression. These domains result 
from cholesterol induced phase changes with properties intermediate of the liquid 
crystalline and the liquid gel phase and have been verified to exist in the plasma 
membrane outer leaflet. This phase can be identified using fluorescent tagged lipids that 
probe membrane environments. The behavior of a fluorescent probe will either indicate 
ordered or disordered regions. Dipalmitoyl-phosphoethanolamine-N-(7-nitro-2-1,3-
benzoxadiazol-4-yl) or 1-oleoyl-2{12-[7-nitro-2-1,3-benzoxadiazol-4-yl 
)amino]dodecanoyl}-phosphoserine were incorporated into liposomes containing various 
phospholipid:cholesterol ratios. The composition of the liposomes can be altered to 
contain different lipids or non-lipid components including Beta Amyloid protein, a major 
constituent of plaques resulting from AD progression. 
Dipalmitoylphosphatidylcholine/cholesterol liposomes were used as method validation 
while dipalmitoylphosphatidylserine/cholesterol liposomes were used to investigate 
domain formation in the inner leaflet. Liposome data was compared to both AFM 
images and Langmuir monolayers. 



COLL 324 

Synthesis of Au/Ag-CdS Hybrid Nanostructures as Efficient Photocatalysts 

Leanne E. Mathurin, lmathuri@uark.edu, Shutang Chen, Jingyi Chen.Department of 
Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR 72701, United 
States 

Metal-semiconductor hybrid nanostructures have attracted considerable attentions due 
to their unique photophysical and photochemical properties. These properties are 
closely associated with not only the size and shape of each component, but also the 
interface or interparticle spacing between the two components. Herein, we report a 
synthetic approach to control the architectures of the Au/Ag-CdS hybrid nanostructures. 
This approach allows for precisely tuning the size of the Au/Ag and the aspect ratio of 
the CdS in a Janus structure. The photocatalytic activities of these nanostructures are 
studied by the photodegradation of the organic dyes. We then correlate the 
morphologies of these hybrid nanostructures with their optical properties and 
photocatalytic activities. 

COLL 325 

Fundamentals of Ligand Exchange on Gold Nanorods 

Neil Dolinski, ndolinsk@eden.rutgers.edu, Robert C Wadams, Laura 
Fabris.Department of Materials Science and Engineering, Rutgers Universtiy, 
Piscataway, NJ 08854, United States 

Gold nanorods have gained interest in the recent years due to their numerous potential 
plasmonic applications. In order to fully exploit their potential, it is however necessary to 
functionalize the surface of gold nanords by replacing the native CTAB (cetyl 
trimethylammonium bromide) bilayer. These ligand exchange reactions often require the 
addition of a cosolvent, such as acetone, in order to facilitate the exchange. However, 
not much is known about the solution properties following cosolvent addition. 

Herein, the effects exerted by the addition of acetone on the CTAB bilayer and on the 
nanorods were investigated. The properties of the CTAB micelle were analyzed by 
surface tensiometry and those of the nanorods by optically investigating their 
aggregation behavior at variable acetone and CTAB concentration. It was found that at 
high acetone concentrations the nanorods aggregated but did so following an 
interesting and unexpected behavior. 

COLL 326 

Antioxidation properties of cerium oxide nanocrystals depending on nanocrystal 
diameters and surface coatings 



Seung Soo Lee, sl9@rice.edu, Hema L. Puppala, Minjung Cho, Vicki L. 
Colvin.Department of Chemistry, Rice University, Houston, Texas 77005, United States 

In this study, we quantitatively studied the effects of the diameter and surface coating of 
monodisperse cerium oxide nanocrystals on their reactivity towards H2O2. These 
materials are formed in organic solvents by the high temperature decomposition of 
cerium precursors, and subsequently phase-transferred into water using amphiphilic 
coating agents. Quantitative analysis of the antioxidant capacity of nanoceria using GC-
MS and a luminol test revealed that two moles of H2O2 reacted with every mole of 
cerium (III), supporting the hypothesis that the reaction proceeds via a Fenton-type 
mechanism. Smaller diameter cerium oxide nanocrystals have more cerium (III) and 
thus are more reactive towards H2O2; over a period of several weeks, the resulting 
cerium (IV) returns to cerium (III) and the nanocrystals can be used again to react with 
peroxide. If the surface coatings were in excess of 2 nanometers thick, the samples 
could not undergo more than a few redox cycles before precipitating. In contrast, 
nanoscale CeO2 coated with a very thin bilayer provided colloidally stable material that 
could undergo repeated redox cycling over 6 months and was able to reduce excess of 
H2O2 more than 20 times. Finally, oleic acid-coated nanocrystalline ceria had nine times 
higher antioxidant capacity than Trolox in an oxygen-radical absorbance capacity 
(ORAC) assay. These data suggest that appropriately derivatized nanocrystalline ceria 
could serve as a scavenger for radical species in biological media. 

COLL 327 

Antimony and arsenic partitioning in contaminated streambed sediment of a 
semi-arid creek 

Jessica L. Ruiz, jessica.ruiz@students.tamuk.edu, Jianhong Ren.Department of 
Environmental Engineering, Texas A&M University-Kingsville, Kingsville, Texas 78363, 
United States 

Streambeds contaminated by mining and smelting activity are often significant sources 
of contamination to river systems due to retention of heavy metals in streambed 
sediment. Streambed sediment and water chemistry conditions, including pH, ionic 
strength, and redox, regulate metal release. In this study, sequential extraction was 
applied to sediment cores collected from a semi-arid creek impacted by antimony (Sb) 
smelting activity, to determine the specific sediment fractions retaining Sb and arsenic 
(As), and the potential for metal release. Results showed the majority of total Sb and As 
concentrations were associated with poor crystalline iron (Fe) oxides in the sediment. 
Antimony and As release from this fraction is relatively stable under measured stream 
pH and salinity conditions, but metals may become available if changes in these 
parameters occur. Pore water was analyzed for determination of observed distribution 
coefficients for Sb and As, and were found to decrease along depth. 

COLL 328 



Giving molecules the squeeze: The effects of organic lubricants on the 
interactions between surfaces with nanoscopic curvature studied by molecular 
dynamics 

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

Understanding the dynamics and mechanics of molecular films on surfaces with 
nanoscopic curvature is critical to understanding nanoparticle dispersion and catalysis, 
as well as the effects of organic lubricants at solid-solid interfaces which are dominated 
by asperity contacts. Past studies employing spectroscopy, atomic force microscopy, 
and molecular dynamics have focused on the effect of surface curvature on the 
properties of self-assembled monolayers derived from organosilanes, using 
nanoparticles as model surfaces with tunable surface curvature. To understand how 
organic lubricants behave at asperity contacts, contact simulations of asperity surfaces, 
i.e. nanoparticles, with organic films and organic lubricants, have been conducted to 
study their effects on the contact mechanics and surface forces, pressures, and strains 
at asperity contacts in molecular detail. The use of nanoparticles as model surfaces 
facilitates extension of this information to systems including metal oxide nanoparticles 
and quantum dots, in particular the effects of capping layers upon their properties. 

COLL 329 

Adsorption of loaded polymeric micelles on silica surface 

Ming Zhang, brightzhang09@gmail.com, Mustafa Akbulut, Jessica Soto-
Rodríguez.Department of Chemical Engineering, Texas A&M University, College 
Station, Texas 77843-3122, United States 

This study focuses on adsorption and removal of drug-loaded polymeric micelles on and 
from silica surface. It is found that the adsorption process for this system is only partially 
reversible, and most of the adsorbed particles do not desorb from the silica surface 
even upon rinsing with a large amount of water for long time. The adsorption rate 
constant decreases with increasing particle size. Some fraction of the adsorbed 
particles can be removed via rolling or sliding, which is generated by hydrodynamic 
forces acting parallel to the surfaces. The removal rate constant increases with 
increasing particle size. 

COLL 330 

Optimization of the r2 relaxivity dynamics for iron oxide based magnetic 
nanoparticles depending on their sizes, coatings, and types 

Minjung Cho1,2, mc12@rice.edu, Seung Soo Lee1, Ghazal Rashidi1, Gabriela 
Escalera1, Paolo Decuzzi2, Vicki L. Colvin1.Â  (1) Department of Chemistry, Rice 
University, Houston, Texas 77006, United StatesÂ  (2) Department of Translational 



Imaging& Nanomedicine, The Methodist Hospital Research Institute, Houston, Texas 
77030, United States 

In this work, we have prepared size controlled iron oxide (Fe3O4) nanoparticles ranging 
from 4 to 40 nm and different types of ferrite nanoparticles (e.g. AlFe2O4, NiFe2O4, 
ZnFe2O4, MnFe2O4, and MnZnFeO4). These size tunable iron oxide based 
nanoparticles were transferred to water using oleic acid (OA), octylamine modified poly 
(acrylic acid) (PAA-OA), Poly (maleic anhydride-alt-1-octadecene) (PMAO), PMAO-
poly(ethylene glycol) (PEG) (PMAO-PEG), and lauryl acrylate (LA)-poly 2-acrylamido-2-
methylpropane surfonic acid (PAMPS) (PAMPS-LA). The relaxivities of hydrated iron 
oxide magnetic nanoparticles, especially r2 (1/T2), were optimized and examined 
depending on their particle diameter (d), average molecular weight (Mw) of phase 
transfer agents, and types; the r2 relaxivity of 35 nm iron oxide capped oleic acid was 
510 S-1mM-1. Moreover, in vitro cell toxicological studies revealed that various polymer 
coated iron oxide based T2 contrast agents had no significant effect on human dermal 
fibroblasts (HDF) even at high concentration (e.g. 6000 uM). By designing the relaxivity 
dynamics with their sizes, surface coatings, and types, it will give an efficient T2 iron 
oxide MRI contrast agents offering high r2 relaxivity. 

COLL 331 

Spectroscopic studies of reversible adsorption to functionalized solid/liquid 
surfaces 

Eric A Gobrogge1, eric.gobrogge@chemistry.montana.edu, Robert A Walker1, Jessica 
H Ennist1, Mary Cloninger1, Daniel LaFranier2.Â  (1) Department of Chemistry and 
Biochemistry, Montana State University, Bozeman, MT 59717, United StatesÂ  (2) 
Montana Apprenticeship Program, Montana State University, Bozeman, MT 59717, 
United States 

Silica substrates have been functionalized with dendrimers having specific compositions 
for the express purpose of reversibly removing regulated organic contaminants from 
aqueous solutions. These chemically tailored surfaces have been characterized using 
XPS and surface specific vibrational spectroscopy (VSFS). The first generation of these 
materials uses covalently attached cyclodextrins to bind aqueous phase aromatic 
solutes including phenols and chlorobenzenes. Bulk Raman studies show that inclusion 
complexes are formed between β-cyclodextrin and these analytes. Furthermore, 
fluorescence data show increased quantum yields and longer emission lifetimes for 
fluorescent analytes when bound by the cyclodextrin. VSFS data from the functionalized 
surfaces show that a silica surface covered with covalently attached β-cyclodextrin 
reversibly adsorbs p-cresol within minutes. Collectively, these experiments provide a 
strong foundation that can be used to rationally design new generations of materials for 
environmental remediation applications. 

COLL 332 



Nonlinear studies of adsorption to polar and charged solid/liquid interface 

Lauren Woods, woodslauren88@gmail.com, Robert Walker.Department of Chemistry 
and Biochemistry, Montana State University, Bozeman, Montana 59717, United States 

Resonance enhanced second harmonic generation (SHG) was used to examine the 
effect of surface charge on adsorption to silica/aqueous interfaces using para-
nitrophenol (pNP). pNP adsorption to silica surfaces from an acidic solution (pH = 1,5) is 
characterized by SHG spectra showing a single excitation wavelength (310 nm) that is 
measurably blue-shifted from the bulk aqueous limit (at 318 nm). ΔGads of pNP to the 
silica/aqueous (pH 1,5) interface is ~25 kJ/mole. At higher pH (pH > 7), SHG spectra 
show two excitation wavelengths at 310 nm and 330 nm that are interpreted in terms of 
pNP sampling two different solvation environments. The longer wavelength species is 
assigned to pNP sharing its proton with a deprotonated –SiO- surface group. Using 
SHG field strength as a measure of surface population, both species have ΔGads values 
of ~22kJ/mol and these adsorption energies appear to be independent of pH (above pH 
7). 

COLL 333 

Phase behavior and electrophoretic deposition of LPEI-PAA complexes 

Nicole Zacharia, Ryan Davis, R.A.Davis856@gmail.com.Department of Mechanical 
Engineering, Material Science Program, Texas A&M University, College Station, Texas 
77840, United States 

Linear poly(ethyleneimine) (LPEI) and poly(acrylic acid) (PAA) were mixed to create 
polyelectrolyte complexes. The phase behavior of these complexes was studied over 
the pH range from pH 4.0 to pH 6.0 to determine the mixing ratio at which complexes 
were no longer soluble and formed solid precipitates. It was found that in this pH range 
precipitation occurred only when a molar excess of PAA was present. Multilayers of 
PAA and soluble, charged complexes were formed by mixing LPEI in molar excess with 
PAA were also prepared to study complex behavior. The multilayer was produced by 
alternately dipping an indium-tin oxide (ITO) coated glass slide in solutions of the 
complexes and PAA. A voltage was applied to the substrate to aid in the deposition of 
the oppositely charged LPEI rich complexes or PAA and to study how the complexes 
behaved under an applied potential. 

COLL 334 

Effect of Oxygen in Admicellar Polymerization of Silica Particles in Forming 
Polystyrene or Poly(methyl methacrylate) Thin Film 

Poh Lee Cheah, pohlee_ch@yahoo.com.Department of Chemical Engineering, 
University of Mississippi, Oxford, MS 38677, United States 



The effect of oxygen on the reaction kinetics of and polymer formed through admicellar 
polymerization on silica particles was studied. The system consists of 
cetyltrimethylammonium bromide (CTAB) as the surfactant template, styrene or methyl 
methacrylate (MMA) as the monomer and azoisobutylnitrile (AIBN) as the free radical 
initiator. Different techniques of oxygen purging using direct bubbling or freeze-pump-
thawed cycles were examined and the formed polymer was compared. Polymer films 
were extracted and characterized using Fourier Transform Infrared (FTIR), 
Thermogravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC) and Gel 
Permeation Chromatography (GPC). The results showed that effect of purging out the 
oxygen significantly increased the initiator efficiency resulting in the formation of high 
molecular weight and low polydispersitiy thin polymer films. Surface characterization 
using Atomic Force Microscopy (AFM) showed more uniform polymer coverage. This 
study addresses an alternative choice of PMMA as a “green” polymer thin film and the 
minimal use of toxic radical initiator in obtaining a better product, providing us a more 
environmental friendly surface modification technology. 

COLL 335 

Synthesis and tunability of silver gallium sulfide nanocrystals 

Tyler Hurlburt, hurlbutj@whitman.edu, Steven M Hughes.Chemistry, Whitman College, 
Walla Walla, WA 99362, United States 

Bandgap tunability of semiconductor nanocrystals is an area of much active research. 
Traditionally changes in emission wavelength are observed as an effect of particle size 
and quantum confinement. Recently, it has been shown that emission wavelength may 
also be tuned by varying the composition in I-III-VI semiconductor nanocrystals. In this 
work, we present findings on the bandgap tunability of AgGaS2 nanocrystals by altering 
the stoichiometry of silver and gallium present in the final crystal structure. Composition 
was controlled by varying precursor ratios during synthesis. The particles were 
characterized by photoluminescence to determine the emission wavelength, TEM for 
particle size and shape, and XRD to find the resulting crystal structure. 

COLL 336 

Rapid fabrication of hollow microspheres with a hybrid nanoscale double-shelled 
structure 

Yingqing Wang1, ywang6@tulane.edu, Bhanukiran Sunkara1, Jibao He1, Gary L. 
McPherson2, Vijay T. John1.Â  (1) Department of Chemical and Biomolecular 
Engineering, Tulane University, New Orleans, LA 70118, United StatesÂ  (2) Chemistry 
Department, Tulane University, United States 

Hollow microspheres have received significant attention due to their potential 
applications such as controlled drug release, chemical sensing, encapsulation, energy 
storage, catalysis and imaging. Several approaches, including hard or soft templates 



methods, have been applied to synthesize hollow microspheres. In the present work, we 
demonstrate a novel approach to synthesize hollow microspheres where a silica shell is 
created rapidly through silica condensation at the aerosol droplet's gas-liquid interface, 
locking in chemical constituents in the interior. This is achieved using an aerosol based 
process where we have exploited salt bridging concepts to lock the surfactant CTAB 
and sucrose together with iron oxides in the interior of a droplet while a silica shell is 
allowed to form on the droplet surface. Subsequent pyrolysis process results in a 
buildup of internal pressure forcing carbon formation as a second inner layer which is 
attached to the silica shell. This new assembly method is expected to be a common 
approach to fabricate various hybrid double layer hollow microspheres with unique 
potential properties. In addition, the integration of magnetic iron oxide particles into the 
shells opens up further opportunities in magnetic stimuli responsive materials. 

COLL 337 

Microwave-assisted synthesis of triangular silver nanoplates: Influence of seed 
clusters 

Daniel A. Decato, dahljenn@uwec.edu, Anneliese E. Laskowski, Jennifer A. 
Dahl.Department of Materials Science, University of Wisconsin-Eau Claire, Eau Claire, 
WI 54702, United States 

Silver nanoparticles were produced by an aqueous synthesis using a variable frequency 
microwave reactor system, where silver nitrate is reduced by polyvinylpyrrolidone, with 
no other reagent present. Here, microwave-assisted synthesis reduces reaction time 
significantly (from days to minutes) compared to conventional heating methods, even if 
the nominal reaction temperature is identical. Thermodynamic nanocrystal growth 
mechanisms predict that the only shape present after microwave synthesis should be 
spheres due to the ultrafast evolution of particles, but a bimodal population of triangular 
nanoplates and spheroidal particles was obtained under microwave conditions. The 
development of triangular nanoplates provides further evidence that, in the absence of 
other shape directing agents, nanocrystal shape is largely dictated by the configuration 
of the initial seed clusters. 

COLL 338 

Gold nanoparticles in the mitochondria 

Jie An Yang, yang136@illinois.edu, Sway Wu, Catherine J Murphy.Department of 
Chemistry, University of Illinois at Urbana Champaign, Urbana, Illinois 61801, United 
States 

The use of gold nanoparticles (Au NPs) has been gaining traction in the arena of 
biomedical imaging and sensing due to their large scattering coefficient and low toxicity. 
The versatility of Au NPs is also enhanced by functionalizing them with various ligands. 
Previously, we have shown that Au NPs can be coated with a hybrid bilayer of 



phospholipids of phosphatidylcholine and phosphatidylserine. Here, we study the 
biocompatibility of these hybrid Au NPs with prostate cancer cells (PC3) and human 
dermal fibroblast cells (HDF). Interestingly, while studies show that hybrid Au NPs enter 
the cells via an endocytotic route, TEM images suggest that these Au NPs ultimately 
ended up in the mitochondria, causing its disruption over longer incubation times. 

COLL 339 

Soft networks of crosslinked gold nanoparticle films formed at an air-water 
interface 

Tayo A. Sanders II, dahljenn@uwec.edu, Mariah N. Sauceda, Jennifer A. 
Dahl.Department of Materials Science, University of Wisconsin-Eau Claire, Eau Claire, 
WI 54702, United States 

The structural dynamics of thin films of surfactant molecules can be characterized by 
their behavior in a Langmuir trough, where the molecules reside at the air-water 
interface. Less common is the use of a trough for the fabrication of organized two-
dimensional arrays of alkanethiol-capped gold nanoparticles. Here, hydrophobic 
nanoparticles are introduced to the air-water interface as a solution in hexanes; as the 
solvent evaporates, the floating nanoparticles can be compressed into a close-packed 
monolayer. Preliminary studies have explored the relationship between film morphology 
and the length of the hydrocarbon chain; it has been found that nanoparticles capped 
with alkanethiols having chain lengths <C16 form poorly organized films with low 
collapse pressures. We have found such films are greatly improved when crosslinked 
by alkanedithiols prior to compression within the trough. The resulting soft networks of 
nanoparticles exhibit increased collapse pressures and remain intact when transferred 
to a solid substrate. 

COLL 340 

Chemical ordering in metal-based composite nanocrystals 

Gregory W. Dye, gwdye@crimson.ua.edu, Shane C. Street.Department of Chemistry, 
University of Alabama, Tuscaloosa, Alabama 35487, United States 

The production of nano-scale materials with predictable and reproducible composition 
and morphology has been a continuing problem for researchers in nanomaterials. 
Hyper-branched polyethyleneimine, as a polymer scaffold, was complexed in aqueous 
solution with Co2+ and Pt4+

 in various ratios to form metal alloy CoxPt1-x nanomaterials. 
Chemical reduction of the scaffold-metal precursor complex results in the kinetically-
favored crystalline, amorphous phase. This research examines whether photo-reduction 
of the precursor complex results in a thermodynamically-favored chemically-ordered 
crystalline phase, while also achieving a narrow size distribution. As-prepared sample 
and grain-by-grain measurements are conducted in order to ascertain the effect of 
chemical versus photo-reduction and molar ratios of precursor compounds on 



composition and structure. Preliminary results show that the size control previously 
reported in the literature is achievable through photo- and chemical reduction, and that 
the polymer prevents aggregation in solution. 

COLL 341 

Swelling behavior of thin polymer films monitored by ellipsometry and 
nanomechanical response 

Mercedes del Rey1, Georgia Delmilio Bloisi2, Denise Freitas Siqueira Petri2, Montserrat 
Calleja1, Javier Tamayo1, Priscila Monteiro Kosaka1, priscila@imm.cnm.csic.es.Â  (1) 
Department of Dispositives, Sensors and Biosensors, Bionanomechanics Lab, Institute 
of Microelectronics - Madrid (CSIC), Tres Cantos, Madrid 28760, SpainÂ  (2) 
Department of Chemistry, Institute of Chemistry, University of SÃ£o Paulo, Sao Paulo, 
Sao Paulo 05508-900, Brazil 

Poly(hydroxylethyl methacrylate), PHEMA, swells in water, making its application in the 
production of soft contact lenses one of the most relevant. PHEMA thin films were spin-
coated from 30g/L solutions prepared in methanol onto Si wafers or Si microcantilevers. 
The swelling behavior of such films was investigated by ellipsometry (wavelength: 632.8 
nm) and nanomechanical response. The ellipsometric angles were measured under 
relative humidity (RH) of 25%, 62%, 70% and 96% and 24±0.5 oC. PHEMA's mean 
index of refraction values decreased exponentially from 1.516±0.005 (25% RH) to 
1.476±0.009 (96% RH). The mean thickness values increased exponentially from 
57.9±0.5 nm (25% RH) to 63.2±0.8 nm (96% RH). Microcantilever resonance frequency 
was recorded at RH from 0-80%. A frequency shift of 0.2 kHz was detected, 
corresponding to a 4% increase of mass. Microcantilever deflection was recorded at RH 
cycles (0-82% RH). The MC moved downwards as RH increased, causing deflections of 
~60±5 μm. 

COLL 342 

Design, fabrication and characterization of mechanically patterned 
polydimethylsiloxane substrates using thiol-ene chemistry 

Ye Tian, tian24y@mtholyoke.edu, Wei Chen.Department of Chemistry, Mount Holyoke 
College, South Hadley, MA 01075, United States 

Polydimethylsiloxane (PDMS) is an important material with promising applications in 
biomedical engineering. The objective of this research is to fabricate mechanically 
patterned PDMS as a substrate to study cell mechanotaxis, which refers to the 
phenomenon that cells migrate to stiffer regions on a substrate where a stiffness 
gradient is present. Photo-initiated thiol-ene chemistry using thiol- and vinyl-
functionalized PDMS prepolymers allows us to impart temporal and spatial control of 
Young's moduli across PDMS substrates. Atomic force microscopy (AFM) is used to 
characterize surface modulus of crosslinked PDMS substrates using various 



mechanical models. The Johnson-Kendall-Roberts (JKR) model appears to be the one 
that results in the best match between surface and bulk moduli. The effect of 
hydrophilization treatment of the PDMS substrates on surface modulus will also be 
evaluated by AFM force measurements. 

COLL 343 

Generating Randomly Rough Surfaces and Roughness Gradients using 
Electrochemical Deposition 

Rajesh Venkatasubramanian, rvenkata@tulane.edu, Kejia Jin, Noshir S 
Pesika.CHEMICAL AND BIOMOLECULAR ENGINEERING, TULANE UNIVERSITY, 
NEW ORLEANS, LA 70118, United States 

A novel approach to reproducibly generating randomly rough surfaces over large areas 
and generating surface roughness gradients is presented. By tuning the electrochemical 
deposition potential for silver onto an electrode, the island nucleation density can be 
systematically varied resulting in thin films of different roughness. We find that the 
potential range that significantly influences the surface roughness also corresponds to a 
reaction/mixed-controlled deposition regime. The roughness can be replicated onto 
other moldable materials, thus enabling future studies involving the effect of surface 
roughness. 

COLL 344 

Nuclear-Targeted Gold and Silver Nanospheres: A Fundamental Study in Cellular 
Death Mechanisms 

Lauren A. Austin, laustin40@gatech.edu, Samera Ahmad, Mostafa A. El-
Sayed.Department of Chemistry & Biochemistry, Georgia Institute of Technology, 
Atlanta, GA 30332-0400, United States 

Plasmonic nanoparticles (NPs) have become a useful platform in the biomedical field 
due to their potential use in disease diagnosis and treatment. It has previously been 
reported that nuclear-targeting gold (AuNSs) and silver (AgNSs) nanospheres both 
induce DNA damage and an increased cytotoxicity in cancer cells; their perturbation of 
the cell cycle differs. In the present work, we investigated the cellular death mechanism 
induced after human oral squamous cell carcinoma (HSC-3) cells were treated with 
nuclear-targeting AuNSs and AgNSs. Through flow cytometry, confocal microscopy, 
and western blotting, we were able to analyze the effects of targeted NPs treatment at 
the intracellular level. Results suggest that nuclear-targeted AgNSs caused greater 
apoptotic populations when compared to AuNSs due to the generation of reactive 
oxygen species (ROS). Current studies investigating possible apoptotic pathways 
triggered after treatment with nuclear-targeted AuNSs and AgNSs are also discussed. 

COLL 345 



Construction of a Simple Millifluidic Reactor for the High-throughput Synthesis, 
Functionalization, and Monitoring of Gold Nanospheres and Nanorods  

Samuel E Lohse, slohse@illinois.edu, Jonathan Eller, Catherine J Murphy.Department 
of Chemistry, University of Illinois Urbana-Champaign, Urbana, Illinois 61801, United 
States 

The controlled synthesis of many functionalized nanoparticles above the milligram scale 
continues to be a significant challenge. The synthesis of functionalized nanomaterials in 
flow reactors provides a viable approach to circumvent the shortcomings of traditional 
batch synthesis, providing improved control over product properties and the potential for 
high-throughput synthesis. Here, we demonstrate the construction and operation of a 
millifluidic reactor assembled entirely from commercially available components. This 
reactor facilitates the high-throughput synthesis of a variety of functionalized gold 
nanoparticles (AuNPs), including gold nanorods (AuNRs) with controlled aspect ratios. 
The high-throughput synthesis approach facilitated by the flow reactor permits the rapid 
synthesis of AuNRs on the gram scale. The reactor can also be adapted to enable high-
throughput surface functionalization of AuNPs and real-time monitoring of AuNP growth. 
We have used the flow reactor to facilitate the synthesis of a library of functionalized 
AuNPs for the study of how AuNP surface chemistry influences their interactions will cell 
membranes. 

COLL 346 

Preliminary evaluation of the impact of silver nanoparticles on the germination 
and growth of radish seeds exposed to lead and aluminum 

Jesse Chabrier Rodriguez, ejferrer@ponce.inter.edu, Braulio Acevedo Batista, Eulalia 
Medina Perez, Jose Ramirez Domenech, Edmy J Ferrer Torres.Department of Science 
and Technology, Interamerican University of Puerto Rico, Ponce, Puerto Rico 00715, 
United States 

The indiscriminate disposal of metals in the environment is threatening for the 
conservation and management of ecosystems, biodiversity, agriculture, and health 
issues. The use of silver nanoparticles (AgNO3) in bioassays is an innovative strategy 
to: assess plants as environmental biomonitors for metals, such as lead and aluminum, 
and analyze the potential use of silver nanoparticles in bioremediation. Radish seeds, 
characteristically with rapid growth and high adaptability, were tested for germination 
and early growth rate on laboratory controlled conditions and open field conditions using 
spherical silver nanoparticles of approximately 20 nm. Solutions with different 
proportions of lead and aluminum and nanoparticles showed an increase and decrease 
in the germination rate. However, growth rate was significantly inhibited. Further studies 
will explore the potential use of silver nanoparticles for bioremediation and compare the 
impact of silver nanoparticles with other nanoparticles such as zinc and cadmium. 

COLL 347 



Nanoparticle and Protein Size Analysis by LiquiScan-ES 

Elisabeth Loecken, elisabeth.loecken@tsi.com, Sherrie Elzey.TSI, Incorporated, 
Shoreview, MN 55124, United States 

LiquiScan-ES is a versatile ion mobility spectrometry system that relies on first-principle 
analysis to determine the size and molecular weight of nanoparticles, macromolecules, 
and complexes in the range of 2.5 nm to ~ 1 µm (8 kDa to > 80 MDa). Droplets 
produced by an electrosprayed analyte solution are neutralized, resulting primarily in 
singly charged ions. The sizing of the ions in a gaseous state is accomplished by 
differential mobility analysis in an electrical field and subsequent detection by 
condensation particle counting. Samples can be analyzed rapidly and reproducibly with 
high resolution, sensitivity, and accuracy in comparison with standard analytical 
methods. This technique is also independent of the optical properties of the analyte and 
solvent and can produce an accurate measurement of multimodal distributions. Indeed, 
LiquiScan-ES has proven to be a valuable tool for analyzing and quantifying 
nanoparticles and macromolecules such as proteins, DNA, carbohydrates, polymers, 
and aggregates.  

 
 
 
 



 
 

COLL 348 

Use of silver nanoparticles to reduce Escherichia coli and Enterococcus from 
waste water 

Braulio Acevedo Batista, ejferrer@ponce.inter.edu, Mariel del R Baez Miranda, 
Wanda I Maldonado, Eulalia Medina Perez, Edmy J Ferrer Torres, Lourdes Diaz 
Figueroa.Department of Science and Technology, Interamerican University of Puerto 
Rico, Ponce, Puerto Rico 00715, United States 

Microbiological contamination in natural and potable waters remains a pressing global 
issue that our society still facing in the new millennium. Thanks to the accelerated 
growth in the field of the nanotechnology new strategies using nanometallic particles are 
been investigated as an alternative use of regular antimicrobial. Silver is well known for 
its antimicrobial characteristic. This project investigates the effect of silver nanoparticles 
and nanoprisms on Escherichia coli as a model for Gram-negative bacteria and 
Enterococcus faecalis as a model for Gram-positive bacteria as a way to corroborate 
the result obtained in other investigations. Bacteriological tests were performed in a 
form that reassembles an antibiogram. It is important not to just come up with a solution 
but to come up with a cost effective solution, it's why we synthesized our silver spherical 
nanoparticles and our silver nanoprisms by using nanomaterial's that can be prepared in 
a simple and cost-effective manner. 

COLL 349 

Comparative study of the antimicrobial effect of different antibiotics mixed with 
CdS and bimetallic Ag-Au core-shell nanoparticles in Staphulococcus aureus and 
Escherichia coli 



Mariel del R. Baez Miranda, ejferrer@ponce.inter.edu, Gilberto Baez Miranda, Braulio 
Acevedo Batista, Eulalia Medina, Lourdes Diaz Figueroa, Edmy J Ferrer 
Torres.Department of Science and Technology, Interamerican University of Puerto Rico, 
Ponce, Puerto Rico 00715, United States 

Due to the rapid emergence of resistant microorganisms to different antibiotics, we have 
to resort other areas of science to create new antimicrobial agents. Nanotechnology has 
a great impact in this area since nanoparticles can improve the antimicrobial effect of 
antibiotics. The aim of this study is to develop new and effective methods against 
resistant bacteria. The antibacterial effect was evaluated using CdS and bimetallic Ag-
Au core-shell nanoparticles with different concentrations of the following antibiotics: 
Gentamicin, Cephalexin and Ciprofloxacin. Antibacterial activities against Escherichia 
coli (ATCC 10536) and Staphylococcus aureus (ATCC 25923) were investigated by 
determining the minimum inhibitory concentration (MIC). The results showed that some 
nanoparticles are effective in growth inhibiting in these microorganisms by increasing 
the effectiveness of the antibiotic. A previous study revealed that antibiotics mixed Ag, 
Au, and ZnO nanoparticles increased the potential of a specific concentration of 
antibiotics while in others it decreased. 

COLL 350 

Ionic liquid and cation effects on the synthesis of silver iodide nanoparticles 

Leo Seballos, lseballos@csbsju.edu.Department of Chemistry, College of Saint 
Benedict/ Saint John's University, St. Joseph, MN 56374, United States 

An ionic liquid of either 1-butyl-3-methylimidazolium tetrafluoroborate (BMImBF4), or 1-
butyl-3-methylimadazolium hydrogen sulfate (BMImHSO4) was added to a water-in-oil 
micro emulsion to observe the effect of ionic liquids on the kinetics of forming silver 
iodide nanoparticles inside a reverse micelle template of Polyethylene glycol tert-
octylphenyl ether (Triton X-100) surfactant. The objective was to evaluate the 
effectiveness of ionic liquids to form nanoparticles of uniform size. A time driven uv-vis 
absorbance measurement was used to approximate the relative population of 
nanoparticles with a size that corresponds with an exitonic peak of 420 nm. The results 
show a faster increase in the relative population of nanoparticles as ionic liquid was 
used. It is suspected that the presence of ionic liquids allowed a faster rate of 
intermicellar exchange of precursor ions which coupled with the ionic liquids. 

COLL 351 

Determination of heavy metals in water using silver, gold and semiconductor 
nanoparticles 

Isuanett Maldonado Aponte, ejferrer@ponce.inter.edu, Jamie A Velez Castro, Eulalia 
Medina Perez, Jose I Ramirez Domenech, Edmy J Ferrer Torres.Department of 



Science and Technology, Interamerican University of Puerto Rico, Ponce, Puerto Rico 
00715, United States 

Nanomaterials present novel properties with the possibility of new contributions in the 
forensic science field. Determination of drugs, xenobiotics and heavy metals are critical 
in the elucidation of poisoning and death. Nanomaterials can be applied to the analysis 
of trace evidence; gunshot residues, heavy metals and halogenated organics materials. 
In this work we use nanostructure materials for detection of toxic agents in water 
samples. We successfully achieved the synthesis of Ag, Au, ZnO and CdS 
nanoparticles using microwave technology. In this work we summarized the 
nanoparticles interactions with water samples containing different quantities of heavy 
metals and chlorinated compounds. Characterization of these materials was performed 
using UV-Vis spectroscopy, IR, TEM and XRD techniques. Our study will contribute in 
the elaboration of new simple methods, providing better detection limits. 

COLL 352 

Functionalization and characterization of noble metals nanoparticles with 
antibiotics 

Pedro Rivera Pomales, ejferrer@ponce.inter.edu, Jean M Luna Martinez, Eulalia 
Medina Perez, Lourdes Diaz Figueroa, Edmy J Ferrer Torres.Department of Science 
and Technology, Interamerican University of Puerto Rico, Ponce, Puerto Rico 00715, 
United States 

Metal noble nanoparticles such as: gold, silver and copper have been used in several 
biological, technological and medical applications. Our research focused in the 
synthesis of noble metals nanoparticles functionalized with antibiotics. We prepared the 
noble metals nanoparticles using two different reducing agents, ascorbic acid and 
sodium borohydride. The gold nanoparticles show an absorption band between 500nm 
and 550nm, silver nanoparticles show a band between 400 to 450 and the copper 
nanoparticle show the band between the 550nm to 600nm. Then, we interacts the silver 
and gold with three different antibiotics (cephalexin, ciprofloxacin and clindamycin). 
After the addition of the antibiotics to the colloidal silver and gold nanoparticles sample, 
we observed a change in absorption, a red shift and the creation of the new peak. The 
interaction of the antibiotics with Cu nanoparticles will be presented. Concentrations 
profiles are evaluated to establish the sensitivity and selectivity of the method. 

COLL 353 

Tuning activity of multi-metallic catalysts by designing and synthesizing model 
catalytic surfaces 

Xiaofang Yang, xiaofang@princeton.edu, Bruce E Koel.Department of Chemical and 
Biological Engineering, Princeton University, Princeton, NJ 08544, United States 



Catalysis plays a key role in the development of new processes for clean energy and 
sustainable chemistry. Specifically, the main challenge is to develop advanced catalysts 
with the merits of low-cost, high activity and selectivity, and durability used in many 
catalytic processes. To rationalize the search for high performance catalysts, our lab 
specializes in synthesizing model alloy systems with well-controlled surface 
compositions and surface structures. We extensively explored variety of key factors that 
impact the catalytic properties such as alloying effect, support effect, surface 
segregation, formation of surface phases and nanostructures, and roles of faceting 
planes, low coordinated sites. In this work, three electrocatalysts, i.e., Au on 
Pd3Fe(111), Pt ML on polycrystalline Hf-Ir and Pt ML on faceted C/Re(11-21) and 
O/W(111) nanotemplates, were prepared in vacuum, characterized using surface 
science techniques, and evaluated for their electrocatalytic activity for the oxygen 
reduction reaction (ORR), hydrogen evolution reaction (HER), and ethanol oxidation 
reaction (EO). 

COLL 354 

Tailoring electronic properties of zinc oxide nanoparticles via the attachment of 
organic acid linkers 

Kate Rodriguez, rodriguezke@washjeff.edu, Rosalynn Quinones, Robbie 
Iuliucci.Department of Chemistry, Washington and Jefferson College, Washington, PA 
15301, United States 

Recently there has been much interest in the electronic and photonic properties of zinc 
oxide (ZnO) nanostructures as foreseeable applications include their use in solar cells. 
For such purposes, controlling surface functionalization is crucial and can be 
accomplished by the attachment of organic acids via the formation of self-assembled 
monolayers (SAMs). In this study, ZnO nanoparticles (<100 nm in size) were modified 
with organic SAMs containing phosphonic, hydroxamic, and sulfonic acid head groups. 
The modified nanoparticles were then characterized via infrared spectroscopy (IR), 
solid-state nuclear magnetic resonance spectroscopy (SS-NMR), powder X-ray 
diffraction (PXRD), and scanning electron microscopy (SEM). UV-Vis absorption data 
was then used to determine the optical band gap of the systems, and cyclic voltammetry 
(CV) was used to determine the charge transfer effect of the samples. It was 
determined that both type of acid and concentration of acid have a noticeable impact on 
the properties of the ZnO. 

COLL 355 

Layer-by-Layer Silica Templated Assembly at the Nanoscale 

Juan Pablo Hinestrosa, hinestrosajp@ornl.gov, Scott T Retterer.Center of Nanophase 
Material Sciences, Oak Ridge National Laboratory, Oak Ridge, TN 37831, United States 



Templated assembly of silica onto nano- and micro-scale organic templates was 
achieved using a combination of chemical lift-off and aqueous solution chemistry 
performed under mild conditions of pH and temperature. Well-defined nanopatterns 
were created by electron beam lithography and used as templates for the generation of 
silica nanostructures. Initially, an amine-silane monolayer was vapor deposited onto the 
patterned substrates and subsequently reacted with silicic acid solutions made in 
buffers of varying pH and salt content at room temperature. The process of vapor 
treatment followed by the templated assembly of silica in aqueous solution could be 
repeated multiple times to perform layer-by-layer deposition while keeping the 
nanoscale organic templates intact. It was observed that the conditions for the silicic 
acid deposition, namely pH, salts and solution age, had a strong effect on thickness of 
each layer and the morphology of the amorphous silica formed. 

COLL 356 

Normal and 'Negative' Hysteresis Loops in Cyclic i-V Measurement Using Single 
Nanopipettes and Pumping Ions against Concentration Gradient 

Yan Li, yli34@student.gsu.edu, Dengchao Wang, Warren Brown, Juan Liu, Maksim 
Kvetny, Gangli Wang.Department of Chemistry, Georgia State University, Atlanta, 
GEORGIA 30329, United States 

We recently reported that the forward and backward current-potential curves cross at a 
non-zero cross-point in cyclic i-V measurements using single nanopipettes in ionic 
solutions. The cross-point separates a resistance-capacitance loop with normal phase 
shift from another one with negative phase shift. In this presentation, the transport 
behaviors of ions across a nanometer scale interface confined inside a single 
nanopipette are studied by steady-state and transient electroanalytical methods. A 
series of symmetric and asymmetric ionic concentrations inside and outside of the 
nanopipettes were employed. The nature of the nanoscale substrate-solution interface 
and its impact on the transport of ions against concentration gradient, the concept of ion 
pumping, will be discussed. 

COLL 357 

Fabrication of self-assembled template-based metal nanowires and metal 
nanoparticles using covalent bonding. 

Parisa Pirani, ppirani@uno.edu, Matthew A Tarr.Chemistry, University of New Orleans, 
New Orleans, LA 70148, United States 

The project involves fabrication of different nanoconjugates by self-assembling of metal 
nanowires (NW) and metal nanoparticles (NP) using covalent bonding as linkers. These 
nanoassemblies can be applied as building blocks in nano-electronic circuits. By 
attaching carboxylating agents to metal nanowires incorporated in a template, the 
carboxylic acid functionalities will be restricted to locate just on the tips of the metal 



nanowires in a position-specific manner. Dissolving the template yields nanowires 
tagged with carboxylic acid groups. The formation of amide bond between the 
carboxylic acid modified nanowires and amine-modified nanoparticles is the driving 
force for creation of the nanoassemblies. 

COLL 358 

Synthesis of bimetallic silver-gold core-shell nanoparticles and their application 
to drug detection 

Dali Santiago Green, ejferrer@ponce.inter.edu, Jean M Luna Martinez, Eulalia Medina 
Perez, Humberto Del Canto Rozas, Edmy J Ferrer Torres.Department of Science and 
Technology, Interamerican University of Puerto Rico, Ponce, Puerto Rico 00715, United 
States 

New methods for drugs detections are necessary to improve the time and sensitivity for 
drug testing. Our goal is the development of a simple strategy to produce bimetallic 
silver-gold core-shell nanoparticles for the study of drugs interactions. Formation of the 
NPs was achieved by the reduction of the AgNO3 with NaBH4 and HAuCl4 with sodium 
citrate with polyethylene glycol. A conventional microwave was applied for complete the 
synthesis. This technology offers minimization of reaction times and stabilization of 
nanoparticles. In this research, we explore the interactions with Ultram and silver-gold 
core shell NPs. These nanoparticles show a peak centered around 523 nm. A new band 
formation centered in 230 nm was observed for the Ultram – core shell NPs 
performance. Characterization of the nanoparticles was performed using UV-Vis 
absorption spectroscopy and Transmission Electron Microscopy. 

COLL 359 

Reaction of hydrogen and organic peroxides with titanium impregnated films 

Travis H. James, travis.james@okstate.edu, Cody Cannon, Allen Apblett, Nicholas F. 
Materer.Department of Chemistry, Oklahoma State University, Stillwater, OK 74078, 
United States 

Reactions of gaseous hydrogen peroxide with titanium isoproproxide-
hydroxypropylcellulose films prepared through sol-gel formation were investigated. The 
films were prepared with varied loadings of titanium isoproproxide on both glass and 
polycarbonate slides. When exposed to peroxide vapor the films changed from colorless 
to yellow. Higher titanium isoproproxide loadings displayed a more intense coloration 
over the course of exposure. In addition, the measured initial rates were dependent on 
the mass loadings, with films having higher titanium isoproproxide loadings showing 
more rapid colorization. However, films with the highest loadings displayed an increased 
tendency to crack and peel. 

COLL 360 



Use of Manganese ferrite (MnFe2O4) spinel nanoparticles as a alternative to 
remove nitrate in drinking water 

Anthony Lopez Collazo, ejferrer@ponce.inter.edu, Gilberto Baez Miranda, Jean M 
Luna, Madeline Leon Velazquez, Eulalia Medina Perez, Edmy J Ferrer Torres, Wanda I 
Maldonado Navarro.Department of Science and Technology, Interamerican University 
of Puerto Rico, Ponce, Puerto Rico 00715, United States 

The concentration of nitrates in underground water has steadily increased over the last 
decades. As a result, this nitrate concentration has largely exceeded the required 
drinking water standards. Nitrates can block oxygen transport when ingested through 
water. Our work focuses in the application of manganese ferrite spinel nanoparticles 
(MnFe2O4) to remove nitrates from drinking water. This type of supermagnetic 
nanoparticle (SMP) has been used to remove contaminants in water, due to its 
electromagnetic properties. We successfully achieved the synthesis of the NPs by two 
different methods. Inverse micelle water/toluene system with polyvinyl alcohol as 
surfactant and low temperature combustion techniques using urea, glycine and glucose 
as fuels and chemical-precipitation method were performed. A black nanostructure 
powder was obtained using both methods. Both products show magnetic properties. 
Characterization of the nanoparticles was obtained using vibrating sampler 
magnetometer (VSM) and transmission electron microscopy (TEM). 

COLL 361 

Protein dynamics in ion-exchange chromatography 

Andrea P Mansur1, apm3@rice.edu, Lydia Kisley1, Jixin Chen1, Wen-Hsiang Chen2, 
Mohan-Vivekanandan Poongavanam3, Sagar P Dhamane3, Katerina Kourentzi2, 
Richard C Willson2,3, Christy F Landes1.Â  (1) Department of Chemistry, Rice Univeristy, 
Houston, Texas 77005, United StatesÂ  (2) Department of Chemical and Biomolecular 
Engineering, University of Houston, Houston, TX 77004, United StatesÂ  (3) 
Department of Biology and Biochemistry, University of Houston, Houston, TX 77004, 
United States 

Biologics such as recombinant proteins and monospecific monoclonal antibodies have 
become an important part of the pharmaceutical industry in recent years. The 
purification of biologics has presented new challenges due to their larger size and 
complexity compared to traditional small synthetic molecules. The most common 
purification method is ion-exchange chromatography. In our study we observed our 
protein alpha-lactalbumin using single molecule spectroscopy at both traditional, single 
charge adsorbents and at a unique cluster-charged adsorbent Ion-exchange 
chromatography surface. This was done in order to discover the molecular mechanisms 
influencing protein interactions with different adsorbent structures. By analyzing 
association and dissociation data we have concluded that charge clusters not only 
increase the occurrence of specific interactions, but are in fact required for specific 



interactions to occur between the protein and stationary phase. This presentation 
discusses the methods and conclusions behind this critically important result. 

COLL 362 

Video Microscopic Measurement of Static and Dynamic Surface Tension at High 
Temperatures 

Yufei Duan1, yduan1@tulane.edu, Srinivasa R Deshiikan2, Kyriakos D 
Papadopoulos1.Â  (1) Chemical and Biomolecular Engineering, Tulane University, New 
Orleans, Louisiana 70118, United StatesÂ  (2) Xerox Corporation, Wilsonville, Oregon 
97070-1000, United States 

High-temperature measurements of static surface tensions by optical imaging of the 
liquid/gas interface inside a tapered micropipette which was placed within a 
microcapillary, were achieved by coating an electrically conductive, transparent, tin-
doped indium oxide (ITO) thin film as a heating jacket on the outer surface of the 
microcapillary. The precision of this video microscopic technique was discussed by 
measuring static surface tensions of water, n-hexadecane, and n-decane at various 
temperatures, and the range achieved in the experiments was from 25 °C to 110 °C for 
n-decane and 25 °C to 200 °C for n-hexadecane. The experimental set up was further 
used for determining temperature-change induced dynamic surface tension, and for 
analyzing the effects of different factors on the dependence of surface tension on 
temperature and time. 

COLL 363 

Inexpensive synthesis of low-density nanofibrous vanadia monoliths from VOCl3 

Tyler M Fears, tmf9rc@mst.edu, Shruti Mahadik-Khanolkar, Jeffrey G Winiarz, 
Chariklia Sotiriou-Leventis, Nicholas Leventis.Department of Chemistry, Missouri 
University of Science and Technology, Rolla, Missouri 65409, United States 

Nanoporous vanadia (VOx) has applications in catalysis, Li intercalation, and low-
density sacrificial energy absorption. The traditional method for synthesis of high-quality 
nanoporous VOx aerogels is the controlled hydrolysis of expensive vanadium alkoxides. 
We present a synthetic method utilizing VOCl3 that reduces the cost of VOx aerogels by 
a factor of 10 while maintaining the nanomorphology of conventional methods. 
Vanadium nitride aerogels were formed via pyrolysis under NH3. The gels were 
characterized via SEM, TEM, XRD, XPS, UV-Vis, and Raman spectroscopy. 



 

 
 

COLL 364 

Bimetallic Copper-Gold Nanoclusters Protected with Mixed Dithiolate and 
Monothiol Ligands 

Tarushee Ahuja, tahuja1@gsu.edu, Cecil V Conroy, Jonathan W Padelford, Jie Jiang, 
Maksim Kventy, Gangli Wang.Department of Chemistry, Georgia State University, 
Atlanta, GEORGIA 30303, United States 

Bimetallic nanoalloys display novel properties and functions defined by the metal 
composition and the synergistic effects from the surface. The impacts of surface 
increase as the overall nanoalloy size decreases to a few nanometers or less, or novel 
surface bond structures emerge. Here in, we describe the synthesis of bimetallic 
nanoclusters composed of copper and gold cores stabilized by a mixed monolayer of 
dithiolate durene (Durene-DT) and monothiolate phenylethanethiol (PhC2S) ligands. Via 
the variation of synthetic conditions, unique Cu-Au nanoclusters are obtained. Discrete 
absorption bands and near infrared (IR) photoluminescence are observed in optical 
studies. Electrochemical measurements reveal the activities such as quantized double 
charging at lower potential window and Cu redox signals. The nanoclusters are 
characterized by 1H NMR, mass spectroscopy, transmission electron microscopy and 
energy dispersive X-ray analysis, etc. Ongoing studies include further elucidation of the 
chemical composition and structures, especially the metal-thiolate interactions at the 
core-ligand interfaces. 

COLL 365 

Stability studies of P3HT:PCBM/electrode interfaces 

Rachel Aga, rachel.aga@wright.edu, Long Le.Chemistry, Wright State University, 
Dayton, OH 45435, United States 



The polymer/electrode interface has crucial effects on the properties exhibited by 
organic devices, such as polymer-based photovoltaics (PPVs). One of the most 
researched material for PPVs is the P3HT:PCBM blend (poly(3-hexylthiophene:phenyl-
C61-butyric acid methyl ester). In this work, the stability of the interface formed between 
an electrode and the P3HT:PCBM blend has been studied by I-V measurements in 
nitrogen environment, thus eliminating the influence of oxygen and moisture. It was 
observed that when Al is used as an electrode, the dark I-V characteristic of the device 
changes slowly and stabilizes only after several hours. The results suggest diffusion of 
Al atoms into the active polymer layer. In the presence of an aluminum oxide layer, the 
device exhibited fairly stable dark I-V. As will be shown, the stability of the 
polymer/electrode interface significantly influences the resulting macroscopic properties, 
such as photoconducting properties and thermal annealing effects. 

COLL 366 

Crystallization of RDX on 2D Templates: Surface and Solvent Effects 

Pranoti Navare, pn179@georgetown.edu, Ilana G. Goldberg, Jennifer A. 
Swift.Department of Chemistry, Georgetown University, Washington, D.C. 20057, 
United States 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX ) is a polymorphic secondary explosive 
which is commonly used in military and industrial applications. Though widely studied, a 
detailed understanding of how the crystal growth conditions affect the physical 
properties of this compound remains incomplete. Towards this goal, we have 
investigated the template-directed crystallization of RDX on 2D self-assembled 
monolayers (SAMs). Results show that the surface functionality and the growth solvent 
both play a significant role in determining the crystal morphology, nucleation density and 
surface orientation. Analysis of the intermolecular interactions occurring at different 
crystal/SAM interfaces as well as the material's growth rate anisotropy provides some 
insight into how heterogeneous nucleation and growth affects the material properties. 

COLL 367 

Hypoxia-Induced Disassembly and Active Tumor Targeting of LbL Nanoparticles 

Erik C Dreaden1,2, edreaden@mit.edu, Stephen W Morton1,2, Jason Deng1,2, Paula T 
Hammond1,2.Â  (1) Koch Institute for Integrative Cancer Research, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139, United StatesÂ  (2) 
Department of Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139, United States 

Integrated polymer nanotechnologies provide exciting new opportunities for 
multicomponent drug delivery to solid tumors. These strategies can maximize tumor-
specific drug delivery and provide both spatial and temporal control over the release of 
compounds, leveraging optimal therapeutic synergy and minimizing off-target effects. 



Koch Institute researchers in the Hammond Lab are developing modular 
nanotechnology platforms for combinatorial RNA interference and cancer chemotherapy 
that incorporate colloidal drug carriers and multifunctional layer-by-layer (LbL) polymer 
assemblies. These constructs allow for the inhibition of currently un-druggable targets 
and recapitulate the optimal sequencing and timing of drug combinations screened in 
vitro. Herein, we present recent progress in engineering tumor-targeting stealth polymer 
multilayer components for these novel particle technologies that disassemble at hypoxic 
tumor pH. These multifunctional LbL components both stabilize and block non-specific 
adsorption, bind cell surface adhesion receptors associated with drug-resistant, tumor-
initiating, and drug-resistant cellular phenotypes, and selectively erode at hypoxic tumor 
pH. 

COLL 368 

Kinetics of ethanol formation from carbon dioxide using supported copper oxide 
electrocatalyst 

Joel Nino Bugayong, jbugay1@lsu.edu, Gregory Griffin.Department of Chemical 
Engineering, Louisiana State University, Baton Rouge, LA 70803, United States 

The kinetics of electrochemical conversion of carbon dioxide to ethanol at a constant 
applied potential of -1.7 (Ag/AgCl) was demonstrated in two types of supported copper 
(I) oxide catalyst; namely (1) Cu2O nanoparticles pasted unto a Toray carbon fiber 
paper by a nafion binder, (2) electrochemically deposited Cu2O layer on a nafion-coated 
Toray carbon fiber paper. GC-FID measurements reported average formation rates of 
2.5 ± 0.2 and 0.9 ± 0.2 µmol/cm2*hr with faradaic efficiencies of 5.1 ± 0.7 and 2.2 ± 0.5 
% respectively for t = 110 minutes. 

 

 
 



COLL 369 

Green-synthesis of silver nanoparticles with Artemisia capillaris extracts 

Youmie Park1, youmiep@inje.ac.kr, Hwa Jung Noh1, Yong-Jae Kim2, Seonho Cho2.Â  
(1) College of Pharmacy, Inje University, Gimhae, Gyeongnam 621-749, Republic of 
KoreaÂ  (2) National Creative Research Initiatives (NCRI) Center for Isogeometric 
Optimal Design, Seoul National University, Seoul, Republic of Korea 

By using a green-synthetic approach, we used both water and 70% ethanol extracts of 
Artemisia capillaris as a reducing agent for generating silver nanoparticles (AgNPs). 
The formation of AgNPs was confirmed by using UV-Vis spectrophotometry, Fourier 
transform infrared spectroscopy, high resolution-transmission electron microscopy and 
atomic force microscopy. The average diameter was 29.71 nm with the water extract 
and 29.62 nm with the 70% ethanol extract. AgNPs exerted a significant enhancement 
of antibacterial activity against five strains (Pseudomonas aeruginosa, Escherichia coli, 
Enterobacter cloacae,Klebsiella oxytoca,and Klebsiella areogenes) when compared 
with the extract alone. AgNPs generated by the 70% ethanol extract showed slightly 
higher antibacterial activity than those produced with the water extract. These results 
suggest that plant extracts have the potential in being powerful reducing agents for the 
production of biocompatible AgNPs with enhanced antibacterial activities. 

COLL 370 

Enhanced anticoagulant activity with heparin-reduced gold nanoparticles 

Hyun-Seok Kim1, Sang Hui Jun2, Yean Kyoung Koo3, Seonho Cho1, Youmie Park2, 
youmiep@inje.ac.kr.Â  (1) National Creative Research Initiatives (NCRI) Center for 
Isogeometric Optimal Design, Seoul National University, Seoul, Republic of KoreaÂ  (2) 
College of Pharmacy, Inje University, Gimhae, Gyeongnam 621-749, Republic of 
KoreaÂ  (3) Natural Products Research Institute and College of Pharmacy, Seoul 
National University, Seoul, Republic of Korea 

Heparin is an acidic polysaccharide currently used as an intravenous anticoagulant 
drug. In this report, heparin was used as a reducing agent for the green-synthesis of 
gold nanoparticles (AuNPs). Its nanotopography was extensively studied with atomic 
force microscopy. The newly prepared AuNPs with mostly spherical and amorphous 
shapes showed its characteristic surface plasmon resonance bands at 525-528 nm. The 
average diameter measured to be either 20.26 ± 3.35 nm or 40.85 ± 8.95 nm, 
depending on the precursor salt and heparin concentrations in the reaction mixture. The 
evaluation of the anticoagulant activity of heparin-reduced AuNPs exhibited prolonged 
prothrombin time (26.7% increase), thrombin time (21.8% increase), and activated 
partial thromboplastin time (23.2% increase) compared with the control heparin. 
Therefore, the combination of two materials, heparin and AuNPs, produces a synergistic 
effect on anticoagulant activity demonstrating the possible applications in the area of 
nanomedicine and nanobiotechnology. 



COLL 371 

Hydrophobic recovery of polydimethylsiloxane surfaces after oxygen plasma 
treatment 

Lien D Nguyen, nguye37l@mtholyoke.edu, Mimi Hang, Wei Chen.Department of 
chemistry, Mount Holyoke College, South Hadley, MA 01075, United States 

Oxygen plasma treatment is commonly used to impart hydrophilicity to inherently 
hydrophobic polydimethylsiloxane (PDMS). However, the effect of plasma treatment on 
PDMS prepared from the commercial kit, Sylgard 184, is short-lived as hydrophobic 
recovery is observed within hours. The rapid hydrophobic recovery is attributed to the 
migration of low molecular weight (LMW) species to the surface. The effect of LMW 
species was investigated by deliberately adding them to a simplified PDMS system 
fabricated using hydrosilylation of vinyl and -SiH functionalized PDMS prepolymers. 
Long exposure to high vacuum was also evaluated as a method to remove LMW 
species and to slow down recovery. After short vacuum exposure, the rate of recovery 
was proportional to the percentage of LMW species added and inversely proportional to 
the molecular weight of the species. After extended vacuum exposure, these trends 
were eliminated and hydrophobic recovery of all PDMS systems including Sylgard 184 
was substantially reduced. 

COLL 372 

Surface-modified gold nanorods for self-assembly 

Ariane Vartanian, vartani2@illinois.edu, Catherine Murphy, Steven 
Zimmerman.Department of Chemistry, University of Illinois at Urbana-Champaign, 
Urbana, IL 61801, United States 

Hybrid organic-gold nanostructures couple the functionality and synthetic flexibility of 
organics with the plasmonic properties of metallic nanoparticles. Gold nanorods 
(AuNRs), due to their inherent anisotropy, feature highly tunable optical properties and 
selective surface modification at the longitudinal or transverse axes. These attributes 
lead to fascinating self-assembly phenomena and can be exploited to design 
photothermal materials triggered by tunable wavelengths. In this research, we capped 
AuNRs with a variety of organic species, including 'clickable' azide moieties and 
hyperbranched polymers capable of hosting small molecules. With this diverse library, 
we investigated the partitioning of the modified AuNRs into novel vesicles. This 
research advances the development of plasmonic, stimuli-sensitive materials. 

COLL 373 

Ultrafast Thermal Analysis of Surface Functionalized Gold Nanorods in Aqueous 
Solution 



Jingyu Huang1, huang142@illinois.edu, Jonglo Park2, Wei Wang2, Catherine J 
Murphy1, David G Cahill2.Â  (1) Department of Chemistry, University of Illinois at 
Urbana-Champaign, Urbana, IL 61801, United StatesÂ  (2) Department of Materials 
Science and Engineering, and Materials Research Laboratory, University of Illinois at 
Urbana-Champaign, Urbana, IL 61801, United States 

The thermal transport properties of surface-functionalized gold nanorods in aqueous 
solution are investigated with transient absorption, following femtosecond pumping of 
the longitudinal localized surface plasmons. The thermal conductivities and heat 
capacities of surfactant and polymer coating layers are extracted from transient 
absorption; thicknesses of the layers are measured by dynamic light scattering. The rate 
of change of the absorption of gold nanorods in aqueous solution varies with the probe 
laser wavelength due to the shift in the plasmon resonance created by heating of media 
surrounding the particles. The measurements of the cooling dynamics of gold nanorods 
are optimized by pumping and probing at the absorption peak of the sample. The heat 
capacity of the surfactant cetyltrimethylammonium bromide (CTAB) layer is ~2.0 J cm-3 
K-1; the thermal conductivity of the CTAB layer drops from 0.24 W m-1 K-1 to 0.18 W m-1 
K-1 at solution concentrations above the CTAB critical micelle concentration. Layer-by-
layer polyelectrolyte coatings using poly(acrylic acid) (PAA) and polyallyamine 
hydrochloride (PAH) increase the thermal conductivity and heat capacity of the surface 
layer; greater water penetration into PAH-terminated surface layers have increased the 
thickness, thermal conductivity, and heat capacity relative to PAA-terminated layers. 

COLL 374 

A Novel Gel Completely Composed of Salts 

Mariela Robledo, mrobled1@asu.edu, Denzil S Frost, Nathaniel Kroeger, Lenore L 
Dai.School for the Engineering of Matter, Transport, and Energy, Arizona State 
University, Tempe, Arizona 85287, United States 

Room temperature molten salts, or ionic liquids (ILs), are novel materials that have 
received heightened attention due to their unique molecular nature and wide range of 
applications. They are salts with irregularly shaped ions that resist crystalline packing 
and thus remain liquid at room temperature. Herein we describe the spontaneous 
gelation of a binary mixture of ionic liquids in the absence of any additional gelator 
molecules. The two ILs are mutually miscible (although inter-diffusion is slow) up to a 
certain point, at which the system forms a viscoelastic gel. Using confocal laser 
scanning microscopy, we describe the gelation process on a microscopic level with 
emphasis on the self-assembled fiber morphologies. Furthermore, we also provide 
rheological and thermophysical properties on this unique gel. This unique system has 
potential applications in batteries, coatings, lubricants, etc. 

COLL 375 



Investigation of Salt-Surfactant Mesophases and Its Application of Materials 
Synthesis 

GOZDE BARIM, barim@fen.bilkent.edu.tr, Cemal Albayrak, Omer Dag.Chemistry, 
Bilkent University, Ankara, Ankara 06800, Turkey 

Formation of LiI-non-ionic surfactant (10-lauryl ether, C12EO10 and Pluronics) lyotropic 
liquid crystalline (LLC) mesophases with and without I2 and incorporation of LiI/I2 couple 
into LiCl-non-ionic surfactant LLC mesophases have been investigated using XRD, 
POM, DSC, UV-vis absorption, FTIR, Raman, and conductivity measurement 
techniques. LiI can be directly assembled into LLC mesophases in the presence of a 
minimum amount of water. I2 can be incorporated into the LLC phase without disturbing 
the mesophase up to 0.2 mole ratio for LiI-C12EO10 and LiCl-C12EO10. Like in many 
solvents, some I- can be converted into I3

- ion that its concentration can be increased by 
the addition of I2 into the LLC media. The XRD patterns and POM images clearly 
showed that the above mixtures form stable LLC mesophases in a very broad salt 
concentration. Overall the LiI and LiCl-LiI with and without I2 and non-ionic surfactants 
form stable LLC mesophases with high ionic conductivities. 
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COLL 376 

Preparation and subsequent surface PEGylation of crosslinked 
poly(dimethylsiloxane) substrates with tunable moduli 

Wanxin Wang, wang28w@mtholyoke.edu, Wei Chen.Department of chemistry, Mount 
Holyoke College, South Hadley, MA 01075, United States 

Mechanical patterns on cell culture substrates can be potentially used as effective cues 
in directing cell migration. Fully functional substrates require not only readily tunable 
modulus but also proper surface properties to ensure proper interactions with the 
surrounding media. In this study, crosslinked poly(dimethylsiloxane) (PDMS) with 
tunable modulus ranging from 50 to 1000 kPa was fabricated using platinum-catalyzed 



hydrosilylation from vinyl and -SiH functionalized prepolymers. To overcome 
hydrophobicity of the PDMS surface, vinyl-terminated poly(ethylene glycol) (v-PEG) was 
grafted onto crosslinked PDMS thin films containing excess -SiH functionality via 
surface hydrosilylation reaction. Efficiency of surface PEGylation is controlled by 
surface density of -SiH groups, molecular weight of v-PEG, and catalyst concentration. 

COLL 377 

Optical Properties of encapsulated squaraine dyes in aqueous solutions 

James Kenneth Park1, jim.park.515@gmail.com, David Sukwon Chung2, suk-
won_chung@brown.edu, Ester Yang3, yang22e@mtholyoke.edu, Curie Ahn4, 
curie13@gmail.com, Sung-Jae Chung5, schung65@yahoo.co.kr.Â  (1) Jefferson High 
School, Shenandoah Junction, WV, United StatesÂ  (2) Department of Chemistry, 
Brown University, Povidence, RI, United StatesÂ  (3) Mount Holyoke College, South 
Hadley, MA, United StatesÂ  (4) California Institute of Technology, Pasadena, CA, 
United StatesÂ  (5) Department of Chemistry, Marymount University, Arlington, VA, 
United States 

Due to the strong absorption and emission properties which respond to the surrounding 
medium, squaraine dyes have been receiving significant attention as a potential 
candidate of photosensitizers for photodynamic therapy (PDT) applications. Therefore, 
squaraine dyes have been extensively investigated in recent years, from both 
fundamental and technological viewpoints. We Encapsulation of squaraine dyes with 
amylose, and conformational transitions of amylose upon complexation with the dyes 
were investigated using UV-visible, fluorescence, and circular dichroism (CD) spectra 
and two-photon absorption properties in various DMSO/H2O mixtures. 

COLL 378 

Functionalized Colloidal Supported Metal Nanoparticles (CSMNs) as Efficient 
Recyclable Nanocatalysts for Liquid-Phase Heck Reaction 

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

Transition metal nanoparticles show excellent catalytic activity because of their small 
size. We investigate the catalytic activity, stability and recycling potential of two different 
types of nanocatalysts. The two types of catalysts used are the palladium nanoparticles 
supported onto the surface of functionalized and unfunctionalized silica colloids. We 
used aminopropyltriethoxysilane (APTES) as the linker to functionalize silica colloids. 
These catalysts are used to catalyze Heck-reaction between styrene and iodobenzene 
that forms trans-stilbene. The fresh and recycled catalysts are characterized using TEM 
and EDS to observe any changes that might be taking place to the catalysts after its use 
in the reaction. Our studies showed that the palladium nanoparticles supported onto 
unfunctionalized silica colloid supports showed more catalytic activity compared to the 



palladium nanoparticles supported onto functionalized silica colloid supports after the 
first cycle of Heck-reaction. However, the palladium nanoparticles supported onto 
functionalized silica colloid supports showed more stability and recycling potential 
compared to palladium nanoparticles supported onto unfunctionalized silica colloid 
supports. 

COLL 379 

Hierarchical surface patterning by wettability controlled nanoparticle transfer 
from wrinkled surfaces 

Christoph Hanske1, christoph.hanske@uni-bayreuth.de, Mareen Müller1, Vera Bieber1, 
Sarah Jessl1, Alexander Wittemann2, Andreas Fery1.Â  (1) Department of Physical 
Chemistry II, University of Bayreuth, Bayreuth, GermanyÂ  (2) Department of Colloid 
Chemistry, University of Konstanz, Konstanz, Germany 

Assemblies of nanoparticles are promising building blocks for future lab-on-a-chip 
devices such as sensors. Recently, ordered arrays of nanoparticles have been realized 
by convective assembly on surface-wrinkled elastomers. While this simple and 
lithography-free procedure is compatible with a variety of functional particles, 
technological applications require a transfer of the formed colloidal assemblies onto flat 
solid substrates. We present a new method in which colloidal assemblies are 
transferred by capillary forces. In contrast to classical “lift-off and transfer” methods, 
conformal contact between the particles and the target substrate is not required. 
However, successful particle transfer depends on the wettability of the target substrate 
and can be suppressed by a hydrophobic monolayer. By chemical surface patterning 
locally controlled particle transfer is possible with high precision. Our method is robust 
enough to conduct multiple colloid deposition steps, resulting in hierarchical structures 
that could find application in plasmonic sensing or the construction of metamaterials. 

COLL 380 

Partial Molar Volume Measurements of Water Molecular Interactions in AOT 
Reverse Micelles 

John Deak, john.deak@gmail.com, Christina A. Emeigh, Thomas Parkes.Department 
of Chemistry, University of Scranton, Scranton, Pennsylvania 18510, United States 

Partial molar volume measurements are used to investigate how water molecular 
structure and interactions varies in nanoconfined spaces. The experiments are 
performed in AOT reverse micelles wherein the size of the water droplet and the relative 
proportion of interfacial water can be easily controlled by the simple formulation ratio w0. 
Partial molar volume measurements of water in reverse micelles are relatively few; 
however, some have suggested novel structural changes in the liquid water domain 
occurring at w0values in the 9-13 range. [Langmuir 2000, 16, 3633-3635] Because this 
observation does not correlate well with other determinations of water properties in AOT 



reverse micelles, our research will investigate these changes using three different 
approaches to measuring partial molar volume: via a technique we are developing that 
uses dynamic light scattering measurements of reverse micelle diameter, via bulk 
density measurements, and also via traditional solution methods. Experiments are 
performed over a range of reverse micelle size in order to assess the effect of nano-
confinement on water interactions. 

COLL 381 

DFT Studies of How Particle History and Bonding Competition Effect Reactivity in 
Model Rultile TiO2-Water Interfaces 

Diane L Neff, Sara E Mason, sara-mason@uiowa.edu.Department of Chemistry, 
University of Iowa, Iowa City, IA 52245, United States 

The water vapor present under environmental and operation conditions transforms the 
exposed surfaces of solid oxides into reactive oxide-metal interfaces with 
stoichiometries and functional groups different from those found under ultra-high 
vacuum conditions. Here, the interaction of gas-phase CO2 and SO2 with hydroxylated 
TiO2 surfaces is studied using DFT-based modeling. Our goal is to address 
fundamental questions of oxide-water interface reactivity, as well as to aid in explaining 
literature experimental studies that report distinct reactivity of surface hydroxyl groups 
towards the two triatomic species. Using atomistic thermodynamics, we explore how the 
preparation or history of TiO2 may influence surface structure and, importantly, surface 
functional group identity, under ambient conditions. We model CO2 and SO2 adsorption 
at various surface functional groups, and also consider additional proton rearrangement 
between surface hydroxyl groups and adsorbates. We report adsorption energies, 
details of atomic and electronic structure, vibrational frequency analysis, and details of 
electronic structure. From our results we suggest which surface reaction mechanisms 
give rise to the most stable adsorption products. 

COLL 382 

Rapid contents release from QPA-DOPE containing vesicles as a result of a 
reduction-induced phase transition 

James E Winter, jwinte6@lsu.edu, Robin L McCarley.Department of Chemistry, 
Louisiana State University, Baton Rouge, Louisiana 70803, United States 

The potential is great for liposome drug delivery systems that provide specific contents 
release at diseased tissue sites upon activation by upregulated enzymes; however, this 
potential will only come to fruition with mechanistic knowledge of the contents release 
process. NAD(P)H:quinone oxidoreductase type 1 (NQO1) is a target for reductively-
responsive liposomes, as it is an enzyme upregulated in numerous cancer tissues and 
is capable of reducing quinone propionic acid (QPA) trigger groups to hydroquinones 
that self cleave from dioleolylphosphatidylethanolamine (DOPE) liposome surfaces, 



thereby initiating contents release. Here we report that the observed contents release is 
associated with a lamellar to inverted hexagonal phase transition (Lα→HII), based on 
31P NMR lineshapes for QPA-DOPE giant unilamellar vesicles (GUVs) before and after 
chemical reductive activation. Furthermore, the rate of contents release is rapidly 
accelerated due to the presence of increasing amounts of palmitoyl-oleoyl 
phosphatidylethanolamine (POPE) in large unilamellar vesicles (LUVs). 

COLL 383 

Tortuosity of nanoporous hosts determines the into which polymorph confined 
pharmaceuticals crystallize 

Gitte Graubner1, gitte.graubner@uni-osnabrueck.de, Gopalakrishnan Trichy 
Rengarajan1, Nicole Anders2, Nicole Sonnenberger3, Dirk Enke2, Mario Beiner3, Martin 
Steinhart1.Â  (1) Institute of Chemistry of New Materials, University of Osnabrueck, 
Osnabrueck, GermanyÂ  (2) FakultÃ¤t fÃ¼r Chemie und Mineralogie, UniversitÃ¤t 
Leipzig, Leipzig, GermanyÂ  (3) Naturwissenschaftliche FakultÃ¤t II, Martin-Luther-
UniversitÃ¤t Halle-Wittenberg, Halle, Germany 

We show that the polymorph into which acetaminophen confined to nanoporous hosts 
crystallizes can be determined by the tortuosity of the nanopore system. If crystal 
growth rather than nucleation dominates crystallization and parent crystals growing into 
the pores are available, uniformly oriented form II crystals form in the straight cylindrical 
pores of anodic alumina (AAO). Under otherwise identical crystallization conditions, 
more stable forms I or III predominantly grow in controlled porous glasses (CPGs) with 
continuous, spongelike pore systems. Fast-growing crystals in CPGs impinge on the 
pore walls after growth paths of a few 10 nm and occupy only a negligible volume 
fraction. These results shed light on the mechanism underlying oriented crystallization in 
two-dimensional confinement, which was reported for a broad range of functional 
materials, and should have significant impact on the mesoscopic design of drug delivery 
systems as well as on other areas such as nanowire-based organic electronics. 

COLL 384 

Adsorption of poly(vinyl alcohol) onto gold nanoparticles from dilute aqueous 
solution 

Yen Nguyen, nguyen.yen331@gmail.com, Wei Chen.Department of chemistry, Mount 
Holyoke College, South Hadley, MA 01075, United States 

Stabilization of Gold nanoparticles (AuNPs) to prevent them from aggregation is 
important to ensure their unique electronic and optical properties. Citrate reduced 
AuNPs are stabilized by the absorbed citrate moieties. The electrostatics repulsion, 
however, is lost under low pH and/or high ionic strength conditions. In this research, 
poly(vinyl alcohol) (PVOH), a neutral and water-soluble polymer, was adsorbed onto 
AuNPs to impart nanoparticle stabilization in solution. This study focused on the effects 



of AuNP size and PVOH molecular weight and degree of hydrolysis on adsorption. 
Dynamic light scattering was used to measure hydrodynamic diameters of AuNPs, 
PVOH chains, and their conjugates. Langmuir adsorption isotherms were constructed to 
characterize binding constant and maximum polymer adsorbed. Binding constant 
depends strongly on PVOH degree of hydrolysis and the maximum amount adsorbed is 
mainly a function of PVOH molecular weight. The conformation of AuNP-PVOH 
conjugates depends on the relative sizes of AuNPs and PVOH chains. 

COLL 385 

Structural characterization of soy protein nanoparticle aggregates from high 
shear microfluidization 

Lei Jong, lei.jong@ars.usda.gov.National Center for Agricultural Utilization, US 
Department of Agriculture, Peoria, IL 61604, United States 

Soy protein nanoparticles were produced with a microfluidizer and characterized in 
terms of particle size, size distribution, morphology, rheological properties, and 
aggregate structure. Three stages of structure breakdown were observed when the soy 
protein dispersion was passed through the microfluidizer. A sudden change in the 
aggregate size was observed after a certain number of passes through the 
microfluidizer; such change was both concentration and pH dependent. Rheological 
measurements of these soy protein emulsions showed that both viscosity and 
storage/loss modulus decreased as the aggregate size of soy protein was decreased, 
indicating reduced interactions between the aggregates. The fractal dimension of the 
soy protein aggregates was estimated from the properties of a continuous matrix 
embedded with the aggregates. 

COLL 386 

Chemical immobilization of bone morphogenetic protein 2 on ceramic scaffolding 
enhances substrate bioactivity 

Drew C Farrell, farrelld@duq.edu, Jared D Romeo, Ellen S Gawalt.Department of 
Chemistry and Biochemistry, Duquesne University, Pittsburgh, PA 15282, United States 

Bone morphogenetic protein 2 (BMP-2) is a member of the TGF-β growth factor family 
that exhibits multiple functionalities in the process of bone remodeling. As such, surface 
modification of intrinsically bioactive ceramic scaffolds with BMP-2 could serve to further 
enhance the osteogenic effects of the scaffolds at a bone defect site. In this study, 
calcium aluminate and calcium phosphate scaffolds were modified with BMP-2 by direct 
surface adsorption or chemical immobilization utilizing an organic linker system. The 
effect of surface modification was evaluated by human osteoblast growth at Days 1, 4, 
and 7 using a Live/Dead Cytotoxicity assay. Differentiation of adult mesenchymal stem 
cells was evaluated on the substrates using an alkaline phosphatase assay. It was 
shown that the method of biomolecule attachment as well as scaffold composition 



influenced cell viability and differentiation and that chemically immobilized BMP-2 on 
CaP scaffolds promoted cell viability to the highest degree. 

COLL 387 

Gold Nanoparticle-Induced Cell Death: Solid Gold Nanospheres versus Hollow 
Gold Nanocages 

Megan A. Mackey, mmackey7@gatech.edu, Mahmoud Mahmoud, Mostafa A. El-
Sayed.Department of Chemistry and Biochemistry, Georgia Institute of Technology, 
Atlanta, GA 30332, United States 

Recently, we have shown that targeting the cancer cell nucleus with solid gold 
nanospheres, using a cancer cell penetrating/pro-apoptotic peptide (RGD) and a 
nuclear localization sequence peptide (NLS), inhibits cell division, thus leading to 
apoptosis. In the present work, we report the use of peptide-conjugated solid gold 
nanospheres and hollow gold nanocages to induce cell death in cancer cells. Gold 
nanocages were found to exhibit an enhancement in terms of, cell cycle changes, 
reduction of ATP, generation of reactive oxygen species (ROS), and, most important, 
the ability to induce apoptosis and necrosis. This evidence suggests that the presence 
of silver oxide (i.e. oxidized metallic silver) on the inner cavity of the hollow cage causes 
ROS generation and thereby induces greater cell death than the solid spheres. Another 
suggested cause is the packing of ligands on the surface of the cage, namely the pro-
apoptotic RGD peptide, which would render an extended conformation of ligands on the 
surface of the cage, thereby enhancing their biochemical activity. Overall, the results 
here have important implications in understanding the interactions between 
nanomaterials and living systems and provide new information based on not only the 
metallic composition, but the shape of the nanocomposite. 

COLL 388 

Surface enhanced fluorescence using silica-coated gold nanorods 

Nardine S Abadeer1, abadeer2@illinois.edu, Elissa M Grzincic1, Frances Venable2, 
Catherine J Murphy1.Â  (1) Department of Chemistry, University of Illinois at Urbana-
Champaign, Urbana, IL 61801, United StatesÂ  (2) Department of Chemistry, Park 
University, Parkville, MO 64152, United States 

Gold nanorods are rod-shaped nanoparticles with unique optical properties. The 
collective oscillation of surface electrons (called plasmons) causes electromagnetic field 
enhancement near a gold nanorod surface. Recently, researchers have exploited this 
property to achieve increased excitation rates and emission from fluorescent dyes when 
they are near gold nanorods. This phenomenon, known as surface-enhanced 
fluorescence, is distance dependent. When a dye molecule is too far away, the strength 
of the electromagnetic field is reduced and when a dye molecule is too close to a 
plasmonic surface there is non-radiative energy transfer and fluorescence quenching 



occurs. 
Herein, we investigated the distance dependent fluorescence of a series of fluorescent 
dyes put at a fixed distance from gold nanorods. Gold nanorods having aspect ratios 1 – 
4 were synthesized using the well-known method developed by Murphy and El-Sayed. 
Distance dependence was achieved by coating gold nanorods with a dielectric silica 
shell that was varied between 10 and 40 nm using a modified Stöber method. The dye 
molecules were then loaded onto the silica surface through electrostatic or covalent 
interactions. Fluorescence excitation and emission were measured to determine how 
distance from the gold nanorod surface affected fluorescence behavior. We find that the 
wavelengths of dye excitation and emission as well as the silica shell thickness can 
affect fluorescence behavior. 

COLL 389 

Controlling temperature and light response of layer-by-layer assemblies of hybrid 
nanoparticles grafted with responsive diblock copolymer brushes 

Yelu Shi, shiyelu@gmail.com, Svetlana Sukhishvili.Department of Chemistry, Chemical 
Biology and Biomedical Engineering, Stevens Institute of Technology, Hoboken, New 
Jersey 07030, United States 

We report on synthesis and layer-by-layer (LbL) assembly of hybrid nanoparticles 
(hNPs) composed of gold nanoparticles (Au NPs) grafted with dually stimuli-responsive 
diblock copolymer brushes. hNPs with varied block lengths were prepared by surface-
initiated atom transfer radical polymerization (SI-ATRP) of N-isopropylacrylamide 
(NIPAM) and sodium methacrylate (NaMA). The brush grafting density, polymer 
molecular weights and block lengths of grafted polymers were determined by a 
combination of thermogravimetric analysis (TGA) of hNPs, and nuclear magnetic 
resonance (NMR), Fourier transform infrared spectroscopy (FTIR) and gel permeation 
chromatography (GPC) of poly(N-isopropylacrylamide)-block-poly(methacrylic acid) 
(PNIPAM-b-PMAA) cleaved from Au NPs. In solution, hNPs demonstrated swelling that 
was strongly dependent on solution pH and temperature. LbL assembly of hNPs with 
branched polyethyleneimine (BPEI) resulted in robust films stable in a wide range of pH 
values. Importantly, temperature and light response of these films could be controlled by 
PNIPAM's block length of grafted polymers. 

COLL 390 

Pronounced Effects of Anisotropy on Plasmonic Properties of Nanorings 
Fabricated by Electron Beam Lithography 

Rachel Near1, racheldnear@gmail.com, Christopher Tabor2, Jinsong Duan2,3, Ruth 
Pachter2, Mostafa El-Sayed1.Â  (1) Department of Chemistry and Biochemistry, Georgia 
Institute of Technology, Atlanta, Georgia 30332, United StatesÂ  (2) Materials and 
Manufacturing Directorate, Air Force Research Laboratory, Wright Patterson Air Force 



Base, OH 45433, United StatesÂ  (3) General Dynamics Information Technology, 
Dayton, OH 45431, United States 

Gold nanoring dimers were fabricated via Electron Beam Lithography. The coupling 
between the inner and outer surfaces of a single nanoring renders it very sensitive to 
any anisotropy. The nanorings demonstrate exceptional sensitivity to asymmetries in 
particle shape and high index substrate effects. This results in a Fano lineshape for the 
dipolar plasmon resonance bands. The traditional file preparation methods for 
theoretical modeling are unable to accurately represent this slight anisotropy. 
Accordingly, a method was developed for preparing the files describing the nanoparticle 
shape for theoretical calculations wherein an SEM image of the particle(s) is directly 
used to create the file. This method is easy to execute and should therefore become the 
new paradigm for particle shape descriptions in future calculations. The improved 
sensitivity of these nanorings due to their geometry and increased field enhancement in 
the cavity make them attractive for absorption or fluorescence enhancement 
applications in the future. 

COLL 391 

Micellar assembly and dynamics of one-Directional arborols 

Mohammad Abu-Laban1, mabula1@tigers.lsu.edu, Javoris Hollingworth1, Jirun Sun2, 
M. Graca H. Vicente1, Paul S. Russo1.Â  (1) Department of Chemistry and 
Macromolecular Studies Group, Louisiana State University, Baton Rouge, LA 70803, 
United StatesÂ  (2) Polymers Division, National Institute for Standards and Technology, 
Gathersburg, MD 20899, United States 

One-directional [9]-6 arborols are half-dumbbell-shaped dendrimers which possess a 
large hydrophilic head consisting of nine hydroxyl groups ([9]-), and a hydrophobic 
moiety composed of a 6-carbon alkyl chain. In a previous report,1the critical micelle 
concentration (CMC) of these molecules was determined (8.8 mM). See Figure 1 for the 
molecular structure of a single [9]-6 arborol. Dynamic light scattering was used to 
determine the diffusion coefficient of [9]-6 self-assembly at various concentrations, 
above and below the CMC. The hydrodynamic radii of the micelles were plotted as a 
function of concentration to gain insight about the micellar structural properties. 



 

 
 

1. Sun, Jirun, Muruganathan Ramanathan, Derek Dorman, George R. Newkome, 
Charles N. Moorefield, and Paul S. Russo. "Surface Properties of a Series of 
Amphiphilic Dendrimers with Short Hydrophobic Chains." Langmuir 24.5 (2008): 1858-
862. 

COLL 392 

Synthesis and characterization of biocompatible Gadolinium Oxide nanoparticle 
MRI contrast agent 

Nasim Taheri, nt6@rice.edu, Minjung Cho, VIcki Colvin.Chemistry, Rice University, 
Houston, Texas 77030, United States 

In this work Gadolinium oxide (Gd2O3) nanoparticles, as potential MRI contrast agents, 
were synthesized in a broad range of diameters through high temperature thermal 
decomposition method. Characterization was carried out by Transmission electron 
microscopy (TEM), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy 
(XPS). The biocompatible hydrated Gd2O3 nanoparticles formed in the next step using 
Polyethylene glycol (PEG) as surface coating, which were shown stable over long time, 
based on Dynamic Light Scattering (DLS) data. High longitudinal relaxivity (r1) of 
biocompatible PEG coated Gd2O3 nanoparticles were obtained by optimizing their core 
diameter and PEG average molecular weight. We observed no significant toxicity of 
PEG coated Gd2O3 on human dermal fibroblasts (HDF) according to in vitro cell 
toxicological studies. Based on the result of this work, our biocompatible Gadolinium 
Oxide nanoparticles have the potential to be promising MRI contrast agents due to their 
high r1 value and low toxicity. 



COLL 393 

Formation of Conducting Networks by Liquid-Bridging in Colloidal Self-
Assemblies 

Seung Chul Park, wings1@snu.ac.kr, In-Ho Lee, Jun-Hee Na, Sin-Doo 
Lee.department of electrical engineering, Seoul National University, Seoul, Gwanak-gu 
151-744, Republic of Korea 

Recently, conductive networks have attracted much attention for potential use in 
microelectronics and nanophotonics. For practical applications, it is important to develop 
a simple and reliable method of fabricating conductive networks. There have been 
several approaches to the construction of such networks, for example, photolithography 
for metal inter-connection, ink-jet printing using silver ink. However, these methods limit 
the feature resolution on a micrometer scale and uniformity over large area. 

Here, we present a powerful way of producing conductive networks by liquid bridging in 
self-assembly of colloidal particles. Since the capillary force is generated between the 
close-packed colloidal particles, the assembly can be used as a template for a 
conducting material in the liquid state. Through the liquid-bridging phenomenon, the 
conducting networks of the order of submicrometer can be spontaneously formed 
depending on the spin-coating rate. Our approach is expected to play a critical role in 
developing diverse electronic and optoelectronic devices. 

COLL 394 

Behaviors of quinoxaline dendrimners at the air-water interface 

Soyoung Choi1, cindy0207@hanmail.net, Hwan Kyu Kim2, Daewon Sohn1, 
dsohn@hanyang.ac.kr.Â  (1) Department of chemistry, Hanyang university, seoul, 
Seongdong-gu 133-791, Republic of KoreaÂ  (2) Department of Advanced Materials 
Chemistry, korea university, Sejong City, Sejong-ro 339-700, Republic of Korea 

Molecular conformation and orientation of 2,3-bis(4-(2,3-bis(4-methoxyphe-
nyl)quinoxalin-6-yloxy)phenyl)quinoxaline-6-carboxylicacid ([G2-DPQ]-CO2H: G2) and 
2,3-bis(4-(2,3-bis(4-(2,3-bis(4-methoxyphenyl)quinoxalin-6-yloxy)phenyl)quinoxalin-6-
ylox y)phenyl)quinoxaline-6-carboxylicacid ([G3-DPQ]-CO2H: G3) at the air-water 
interface have been investigated using surface pressure-area isotherms by Langmuir-
Blodgett technique, Atomic Force Microscopy, UV-vis spectroscopy, and X-ray 
reflectivity. 

In the case of G2, the surface pressure-surface area isotherm shows a steep increase 
around 100 Å2/molecule. G2 experiences a direct transition from the gaseous phase to 
the solid phase, and molecules are compressed without complicated transitions. The 
monolayer of G2 is aligned straightly at 5 mN/m. At higher surface pressure near 20 
mN/m, G2 molecules maintain their ordering and form a close-packed arrangement. 



In contrast to G2, the isotherm for G3 shows a gradual increase owing to the flexibility of 
G3 molecules. G3 molecules form circular domains at the surface pressure of 1 mN/m 
as a result of the difference in hydrophobicity between the core group and the peripheral 
end group. Upon further compression, G3 made many aggregate domains, size of ~ 40 
nm. 

COLL 395 

Synthesis of Magnetic Catalyst with Multiple Core-shell structure and Its High 
Activity for Styrene Epoxidation 

Ge Wang, gewang33@126.com, Xiaowei Zhang, zxwzxw008@163.com, Mu Yang, 
Hongyi Gao, Jie Yu, Wanchun Guo, Jinzhang Tao.Department of Materials Science and 
Engineering, University of Science and Technology Beijing, Beijing, Beijing 100083, 
China 

Fe3O4/CuO/mesoporous silica (mSiO2), a novel magnetic catalyst with multiple core-
shell structure was successfully fabricated. The Fe3O4 core was modified with 
polyacrylic acid (PAA) via a simple one-step solvothermal method. The carboxylate 
groups of PAA had a strong coordination with copper cations, which promoted the 
efficient load of CuO. The outer mesoporous silica shell not only provides catalytic 
reaction channels, but also develops a strong protect layer to avoid the loss of active 
CuO. The as-synthesized Fe3O4/CuO/mSiO2 can catalyze styrene epoxidation, in which 
the conversion of styrene is almost 100% and the selectivity of styrene oxide is more 
than 90%. The results are better than the reported ones. The catalyst can be separated 
from the reaction system quickly under magnetic field, and re-used for further at least 10 
runs without obvious decrease of efficiency. We thank the National Natural Science 
Foundation of China (Grant No. 50836001 and No. 51272028) for support. 

COLL 396 

Amphiphilic Structure-Surface Property Relationships of Monosaccharide-Based 
Surfactants 

Hary L Razafindralambo, h.razafindralambo@ulg.ac.be, François Nitsch, Gaëtan 
Richard, Pascal Laurent, Aurore Richel, Christophe Blecker, Michel Paquot.Gembloux 
Agro-Bio Tech, University of Liege, Gembloux, Wallonie 5030, Belgium 

A set of monosaccharide-based renewable surfactants has been prepared, structurally 
checked, and systematically screened for different activities and functionalities. These 
compounds vary in the polar headgroup, linker, and hydrophobic tail. Beyond the goal to 
find out the most potential valuable surfactants for each measurment, relationships 
between chemical structure, basic properties, and functionalities have been examined 
by comparing compounds differing in a single structural variable. In this paper, we show 
and explain the impact of the anomeric alpha or bêta, neutral or acid sugar derivatives, 



equatorial or axial position of hydroxyl group, alkyl chain substitute attachment position, 
number, and length on surface properties of sugar-based surfactants. 

COLL 397 

Enhanced fluorescence of nano-sized colloids for the targeted 
immunofluorescence labeling 

Hyong-Jun Kim, hkim@kongju.ac.kr.Chemical Engineering, Kongju National 
University, Cheonan, Republic of Korea 

Fluorescence labeling is a very useful analytical technique for investigating the structure 
of live cells. Inorganic quantum dots or organic fluorescent dyes have been used in the 
immunofluorscence labeling due to their high quantum yield, high molar extinction 
coefficients, broad absorption with narrow light emission, and good photo physical and 
chemical stability. But, the semi-conducting quantum dots are toxic for any living cell 
and self-quenching of organ fluorescent molecules is critical for a steady imaging. Thus, 
developing highly emissive, biocompatible, and chemically readily modifiable 
luminescent materials is strongly desired. Here, we report the enhanced 
photoluminescence of nano-sized colloids with heterocyclic organic compounds for 
possible use in the field of immunofluorescence labeling. 

COLL 398 

Nitric Oxide (NO) release from self-assemled monolayers 

Colin S Schmucker, schmuckerc@duq.edu, Ellen S. Gawalt.Department of Chemistry 
and Biochemistry, Duquesne University, Pittsburgh, Pa 15282, United States 

Nitric oxide (NO) is a molecule that has significant biological consequences. It is 
involved in signaling pathways, acts as a vasodilator, and can cause dispersal of 
biofilms in the human body. This project was designed to create a nitric oxide (NO) 
releasing film that was responsive at biological conditions. Previous research has 
shown that S-nitroso-N-acetyl-D,L-penicillamine (SNAP) liberates NO at biological 
temperatures (37 °C) but IS stable at room temperature. Here, SNAP was immobilized 
on a substrate (stainless steel 316L) using a self-assembled monolayer of 12-
aminododecanoic acid. First, the amine terminus of the monolayer was functionalized 
with N-acetyl-L-penicillamine (NAP). Then, the thiol group of the NAP was converted to 
a thionitrite group yielding an even monolayer of SNAP on a model substrate. Reactions 
were analyzed by surface infrared spectroscopy and MALDI-TOF MS. 

COLL 399 

Preparation and evaluation of biocompatible surface using Perhydropolisilazane 



Yusuke Tanatsugu, mik@chem.tokushima-u.ac.jp, Shinsuke Nakanishi, Kiyoto 
Ikebata, Kotaro Rikitake, Mikito Yasuzawa.Department of Chemical Science and 
Technology, The University of Tokushima, 2-1 Minamijosanjima, Tokushima 770-8506, 
Japan 

Perhydropolysilazane (PZ) is known to convert into high-density silica by simply heating 
in the presence of adequate oxygen and water. We have recently verified that PZ can 
be employed as a material to prepare functional surface by simply attaching the 
functional compound with hydroxyl group, on the time PZ was heated to produce silica 
film. In this study, several compounds with hydroxyl group, such as ethylene glycol 
oligomer (EGO) and its derivatives were attempted to immobilize on the surface of 
substrate using PZ. Platelet-Rich-Plasma adsorption test was performed for 
biocompatibility evaluation. The biocompatibility of the substrate was improved by the 
immobilization of EGO. 

COLL 400 

Effect of the Ligand Position on the Supramolecular Interactions between Self-
assembling Dendrimers and Proteins 

Diego F Amado Torres, damadoto@chem.umass.edu, Ayyagari V Subrahmanyam, 
Sankaran Thayumanavan.Department of Chemistry, University of Massachusetts 
Amherst, amherst, MA 01003, United States 

The molecular design of biaryl amphiphilic self-assembling dendrimers allow for location 
of a ligand at a singular position of the molecule. The possibilities increase according to 
dendrimer generation. The assembled micelle-like nanostructures can encapsulate 
small fluorescent molecules in their hydrophobic interiors, which can be released by 
disruption in the nanostructure Hydrophilic Lipophilic Balance. Attaching the ligand 
biotin at different layers of G1 and G2 dendrimers generated significantly different 
release profiles of the guest molecules, when the micellar disassembly was triggered by 
binding to the protein avidin. Different proteins with diverse sizes and PI did not trigger 
the disassembly and release beyond non-specific interactions. Disassembly and release 
were followed by DLS and fluorimetry. Having the ligand at the periphery of the 
dendrimers produced release of up to 70% of the dye Nile Red, showing that this 
location is the most favorable when a protein triggered release is desired, for both 
generations. 

COLL 401 

Assessing the surfactant critical aggregation concentration and diffusivity in 
crosslinked hydrogels 

Yash Kapoor, Lokendrakumar Bengani, lokendrabengani@ufl.edu, Anuj 
Chauhan.Department of Chemical Engineering, University of Florida, Gainesville, 
Florida 32611, United States 



Surfactant–polymer–drug interactions are highly dependent on the surfactant 
concentration and transport properties of polymeric hydrogels can vary drastically at 
and above the critical aggregation concentration (CAC) of the surfactant. It's important 
to estimate the CAC in order to design and tune hydrogels for drug release. The 
systems under consideration are the Brij surfactants and poly-hydroxyethyl 
methacrylate hydrogels. Here three methods to estimate CAC are discussed. The first 
method is based on changes caused in surfactant release due breakdown of 
aggregates. The second method relies on the effect of formation of the surfactant 
aggregates leading to a slowdown of a hydrophobic solute transport due to solute 
partitioning into the aggregates. The third method utilizes the fact that the water content 
of the gels increase with increasing surfactant amount. However the rate of increase will 
likely be discontinuous at the CAC. Surfactant diffusivity has also been estimated. 

COLL 402 

Switching of nanoparticle clusters and superlattices with pH-regulated DNA i-
motif 

Ye Tian, tianran8641490@gmail.com, Dazhi Sun, Cheng Chi, Oleg Gang.Center for 
Functional Nanomaterials, Brookhaven National Laboratory, Upton, NY 11973, United 
States 

Self-assembly of nanoparticles driven by DNA hybridizations is a effective way for 
construction of nanoclusters and three-dimensional superlattices. However, such 
systems are typically static. We extend DNA-assembly methodology for fabrication of 
dynamically responsive and switchable nano-systems using i-motif DNA sequence, 
which confirmations are sensitive to pH value of the environment. We developed a 
simple yet effective approach for the switching the morphology of gold nanoparticle 
clusters between dimer and trimer structures by changing the pH value. Our 
experiments demonstrate that such cluster switching can be reliably cycled multiple 
times. Moreover, by employing both gold NP and fluorescent quantum dots, we show 
that cluster switching results in the pH-regulated optical response of the system. We 
also successfully fabricated three-dimensional superlattices using i-motif sequence as a 
linker. Our in-situ synchrotron-based small angle x-ray scattering measurements reveal 
repeatable lattice transformations during pH cycling and successful realization of this 
strategy for more complex DNA motifs. 

COLL 403 

Solvent-modulated amphiphilic block copolymer self-assembly into micelles and 
lyotropic liquid crystals 

Paschalis Alexandridis, palexand@buffalo.edu, Biswajit Sarkar, Venkataramanan 
Ravi, Jinendra Lakshmichand.Department of Chemical and Biological Engineering, 
University at Buffalo - The State University of New York, Buffalo, NY 14260-4200, 
United States 



Amphiphilic block copolymers of the poly(ethylene oxide)-poly(propylene oxide) (PEO-
PPO) family are well-known for self-assembling in water (selective solvent for PEO) into 
(core-shell spherical) micelles, and, at higher concentrations, into cubic, hexagonal, and 
lamellar lyotropic liquid crystals. We are interested on how the aqueous phase behavior 
and structure of these polymeric amphiphiles can be modulated by the addition of polar 
organic solvents (e.g., glycerol, ethanol, propylene carbonate, triacetin) [1,2]. Mixtures 
of water with two organic solvents constitute a specific focus of this work [3,4]. Our 
studies aim to relate (i) the type of structure formed and its characteristic dimensions to 
the relative swelling of the polymer blocks and the solvent location in the amphiphile 
assembly, and (ii) the solvent effects to solvent properties. Solvent-induced structural 
changes have interesting repercussions in formulations and nanomaterials synthesis. 

[1] Macromolecules (2000) DOI:10.1021/ma000332o 

[2] Langmuir (2000) DOI:10.1021/la9912343 

[3] J.ColloidInterfaceSci. (2013) DOI:10.1016/j.jcis.2012.09.028 

[4] Macromol.Chem.Phys. (2012) DOI:10.1002/macp.201200438 

COLL 404 

Molecular Ordering in PCBM Monolayer Films on Ag and Au (111): From μ-
aerosol deposited glasses to hcp packing 

Qian Shao, qshao@umd.edu, Levan Tskipuri, Janice Reutt-Robey.Chemistry & 
Biochemistry, University of Maryland-College Park, College Park, MD 20742-2111, 
United States 

Functionalized C60 and C70 fullerenes are increasingly employed as active components 
in organic electronic devices. The structure of the PCBM electrode interface is expected 
to strongly impact charge transfer processes in photovoltaic devices. Here we report 
molecularly-detailed studies of PCBM ordering at coinage metal surfaces. We have 
developed a vacuum-compatible liquid delivery source to generate thin films of C60- and 
C70-PCBM from organic solvents. Structure is tracked from the sub-monolayer to 
multilayer regime on (111)-oriented Ag and Au surfaces with molecular detail by UHV-
STM. Glassy morphologies of as-grown films reflect solvent retention. Upon thermal 
annealing solvent molecules are released and films evolve into ordered packing 
arrangements that depend upon the PCBM density in the original films. The hcp 
monolayer phase of C60-and C70-PCBM are newly produced and characterized, 
indicating the accessibility of new growth phases by μ-aerosol deposition. 
Acknowledgement: This work was supported by the NSF-MRSEC at the University of 
Maryland, DMR 0520471. 

COLL 405 



Zwitterionic macromolecules and their non-specific interaction reducing 
properties 

Rajasekhar Reddy Rami Reddy, rramired@chem.umass.edu, Subrahmanyam 
Ayyagari Venkata, Sankaran Thayumanavan.Chemistry, University of Massachusetts, 
Amherst, Amherst, MA 01002, United States 

Supramolecular nanoassemblies that reduce non-specific interactions with proteins are 
of great importance for various biological applications. Recently, zwitterionic molecules 
are shown to reduce non-specific interactions with proteins because of their charge 
neutrality and strong hydration layer formation around zwitterions via electrostatic 
interactions. Design of amphiphilic macromolecules with zwitterions as hydrophilic 
functionalities results in a novel class of molecules, which are under explored. To 
address this, we have developed a new class of amphiphilic dendrimers with triazole 
based zwitterionic moieties as the hydrophilic functionalities and decyl groups as the 
lipophilic functional groups, which upon self-assembly expose zwitterionic groups to 
outer hydrophilic layer while tucking in the lipophilic alkyl chains. We hypothesize that 
this strategic incorporation of zwitterionic moieties into amphiphilic dendrimers renders 
the formed supramolecular aggregates protein resistant. As hypothesized we observed 
that zwitterionic dendrimers form micelle type aggregates with container properties. We 
have also demonstrated that these dendrimer aggregates reduce non-specific 
interactions with proteins of varying pI using Fluorescence and DLS studies. 

COLL 406 

Reactions of linear and cyclic ethers on Si(100)-2x1 

Andrew J Pohlman, apohlman@unr.edu, Lekh N Adhikari, Sean M Casey.Department 
of Chemistry and Chemical Physics, University of Nevada, Reno, Reno, Nevada 89503, 
United States 

The reactivity of a series of linear and cyclic ethers on the Si(100)-(2x1) surface was 
studied using Auger electron spectroscopy and temperature programmed desorption 
mass spectrometry. Some computational modeling using surface cluster models was 
also employed to probe potential reaction pathways. All the ethers studied appear to 
have a thermally accessible dissociative adsorption channel via cleavage of a C-O bond 
after an initial weak interaction between the oxygen and the surface silicon dimer. 
Bifunctional cyclic ethers containing the alkene functionality produce a mixture of 
products, resulting from either oxygen-end addition or [2+2]-like addition. Bifunctional 
cyclic ethers containing more than one ether functionality appeared to give rise to 
desorption products resulting from surface interactions through both ring oxygens. 
General reactivity trends and structure-activity relationships with respect to ether and 
alcohol chemistry and thermal decomposition on the silicon surface will be discussed. 

COLL 407 



Efficient charge transfer from excited state ruthenium dyes into colloidal 
nanoparticles as a model for dye sensitized solar cells 

Ryan Hue, huexx001@umn.edu, Wayne Gladfelter.Department of Chemistry, 
University of Minnesota, Minneapolis, MN 55455, United States 

The dye-sensitized solar cell is studied by focusing on the sensitizing dye adsorbed to 
colloidal nanoparticles. In this way, we study dye attachment, photoexcitation of the dye, 
and the subsequent electron injection, using NMR and transient absorption (TA) 
spectroscopy. Zinc Oxide (ZnO) dispersion-phase nanoparticles are used as electron 
acceptors and ruthenium-polypyridyl complexes as the dyes. Electron donating 
substituents on the ruthenium complexes were utilized to increase the excited state 
oxidation potential, promoting electron injection into the ZnO conduction band. TA 
spectroscopy on dye:nanoparticle dyads has shown an electron injection into 3 nm ZnO 
nanoparticles. Our study of the dye molecules' interactions with the nanoparticles 
provides details about the attachment, surface environment, and the ability for the dyes 
to inject electrons. We show that the lessons learned in our studies can be extrapolated 
to new dye designs that will reduce loss mechanisms with the aim of increasing 
efficiency. 
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Fabrication and characterization of gold nanoring and nanocrescent arrays as 
substrates for surface enhanced infrared absorption spectroscopy 

Arash Bohloul1, ab33@rice.edu, Zuzanna A. Lewicka2, Vicki L. Colvin1.Â  (1) 
Department of Chemistry, Rice University, Houston, TX 77030, United StatesÂ  (2) 
Department of Electrical and Computer Engineering, Rice University, Houston, TX 
77030, United States 

We designed substrates of two-dimensional arrays of gold nanorings and 
nanocrescents on large areas based on shaped nanosphere lithography for surface 
enhanced infrared absorption spectroscopy (SEIRA). In our nanosphere lithography 
approach two reactive ion etching (RIE) steps were used. In the first RIE process, 
oxygen gas reshaped polystyrene spheres. After metal deposition, the second argon 
plasma etch of exposed metal yielded arrays of nanorings. To form crescents, we used 
a non-conductive strip placed on the sample edge to bend argon ion flow during the 
second RIE. Arrays were characterized by scanning electron, atomic force and infrared 
microscopes. The dimensions of ring-like structures ranged from 170 to 350 nm. 
Samples were highly uniform, densely packed (7×108 cm-2) and exhibited tunable 
plasmon resonances in mid-infrared region. These characteristics made the arrays ideal 
substrates for SEIRA. Therefore, we used them to study SEIRA of molecules such as 
octadecanthiol. 

COLL 409 



SERS based charge transfer probing of micron sized anatase TiO2 through 
organic linkers with silver nano-particles 

Robert D Bennett, Daniel A Clayton, Shane C Street, sstreet@bama.ua.edu, Shanlin 
Pan.Department of Chemistry, The University of Alabama, Tuscaloosa, Alabama 
35487-0336, United States 

We present a direct probe of the charge transfer interaction on a micron sized anatase 
TiO2 crystal using a linker molecule and silver nanoparticles. All linker molecules were 
either a di-thiol or a thiol with a carboxylic acid. The dithiol system allows for the 
TiO2/silver band gap to work as the driving force behind the charge transfer mechanism, 
while the thiol/carboxylic acid system establishes a dipole that can enhance or stop the 
charge transfer from TiO2. Bulk Raman spectra indicate that the TiO2 charge transfer 
does contribute to the SERS, but that the silver plasmon still contributes the majority of 
the Raman enhancement. SEM was used to confirm the structure and coverage. 

COLL 410 

Bioreducible insulin-loaded nanoparticles and their interaction with model lipid 
membranes 

Rickard Frost1, Gregory Coué2, Johan F.J. Engbersen2, Michael Zäch1, Bengt Kasemo1, 
Sofia Svedhem1, Arnold Luk3, arnold.luk@biolinscientific.com.Â  (1) Department of 
Applied Physics, Chalmers University of Technology, GÃ¶teborg, SwedenÂ  (2) 
Department of Biomedical Chemistry, University of Twente, Enschede, The 
NetherlandsÂ  (3) Biolin Scientific, Linthicum Heights, Maryland 21090, United States 

To improve design processes in the field of nanomedicine, in vitro characterization of 
nanoparticles with systematically varied properties is of great importance. In this study, 
surface sensitive analytical techniques were used to evaluate the responsiveness of 
nano-sized drug-loaded polyelectrolyte complexes when adsorbed to 
modellipidmembranes. Two bioreducible poly(amidoamine)s (PAAs) containing multiple 
disulfide linkages in the polymer backbone (SS-PAAs) were synthesized and used to 
form three types of nanocomplexes by self-assembly with human insulin, used as a 
negatively charged model protein at neutral pH. The resulting nanoparticles collapsed 
on top of negatively charged modelmembranes upon adsorption, without disrupting the 
membrane integrity. These structural rearrangements may occur at a cell surface which 
would prevent uptake of intact nanoparticles. By the addition of glutathione, the disulfide 
linkages in the polymer backbone of the SS-PAAs were reduced, resulting in 
fragmentation of the polymer and dissociation of the adsorbed nanoparticles from the 
membrane. A decrease in ambient pH also resulted in destabilization of the 
nanoparticles and desorption from the membrane. These mimics of intracellular 
environments suggest dissociation of the drug formulation, a process that releases the 
protein drug load, when the nanocomplexes reaches the interior of a cell. 

COLL 411 



Electrical properties of vertically- aligned ZnO nanowires investigated by current 
sensing AFM and Kelvin probe force microscopy 

Vaibhav Jain, vaibhavjain81@gmail.com, Gary P Kushto, Antti J Makinen.Optical 
Sciences, Naval Research Lab, Washington DC, DC 20375, United States 

We present a simple method for generating arrays of vertically-aligned ZnO nanowire 
(NW) arrays with tailored electrical properties, suitable for photodetector and 
photovoltaic applications. ZnO NWs were synthesized on Si substrate using a hydro-
thermal method, producing dense and highly organized vertical ZnO NW (~100 nm) 
arrays as revealed by SEM. The vertical geometry of the NW arrays facilitated further 
processing of the NW structures and streamlined in-situ characterization of individual 
NWs as well as entire NW ensembles. The I-V characteristics of the ZnO NWs were 
measured using current-sensing atomic force microscopy, where an AFM tip made 
contact with individual metalized ZnO NWs while the growth substrate provided the 
back contact. Compared with arrays of as-grown ZnO NWs, the metalized top contacts 
of NWs resulted in improved I-V characteristics with good rectifying behavior, attributed 
to Schottky barrier formation for the gold deposition and stable ohmic contact formation 
for aluminum and gold. 
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Linear-dendritic copolymer micelles for multivalent targeting 

Mohiuddin A Quadir, maquadir@mit.edu, Zhou Deng, Erik C Dreaden, Xiaoyong 
Zhao, Paula T Hammond*.Koch Institute for Integrative Cancer Research, 
Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

Multivalent interactions play a critical role in cellular biochemistry. We have developed a 
novel approach to control the arrangement of cell-targeting ligand on nanoparticle 
surfaces using linear-dendritic copolymeric (LDP) system that self-assembles into 
micelles, the surface of which bears specific number of ligands in a clustered pattern. 
Previously our group has reported the synthesis and biological assessment of such 
“Patchy” micelles for the first time, where the targeting ligand folic acid was clustered on 
the miceller surface [1]. It was found that both cellular uptake and tumor accumulation of 
these micelles critically depends on the number of targeting peptides per cluster. 

In this project we have immoblized a cancer cell targeting peptide, Lyp-1 
(CGNKRTRGC) [2] on a linear-dendritic copolymer through Cu-mediated azide-alkyne 
click chemistry. As a linear block, poly(β-benzyl aspartate) was utilized which was 
attached to a generation 4 polyester dendron. The stoichiometric mixing of Lyp-1 
functionalized and unfunctionalized LDP molecule results in micelles with a definite 
number of Lyp-1 arranged over the miceller surface in a clustered pattern. The micelles 
were within the size range of 80-90 nm with a CMC in the order of 10-5M. The Lyp-1 
peptide bearing micelles showed higher uptake in MDA-MB-435 cell line compared to 
the unfunctionalized micelles, indicating ligand-mediated uptake. It was found that 



though the average number of ligands per micelles is the same, cellular uptake in MDA-
MB-435 cells was dependent on the number of Lyp-1 per cluster, indicating the spatial 
affect of molecular crowding on ligand-receptor engagement. 
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Interactions of gold nanoparticles with mitochondria and Cyt c using Resonance 
Elastic Light Scattering and Fluorescence techniques 

Magdalena Stobiecka, magdalena_stobiecka@sggw.pl.Department of Biophysics, 
Warsaw University of Life Sciences SGGW, Warsaw, Poland 

Injuries caused by oxygen deficit and reperfusion are deleterious to the cells and are 
involved in serious illnesses including heart attack, stroke, Alzheimers, and others. 
During hypoxia, the mitochondrial matrix is swelling and cytochrome c (Cyt c) is 
released to the cytosol, marking the beginning of cell apoptosis. In this work, we have 
investigated electrostatic interactions of mitochondria with thiol-capped gold 
nanoparticles (AuNP) evidenced by the bathochromic shift of the local surface plasmon 
(SP) and changes in resonance elastic light scattering (RELS) intensity. The 
interactions of hemoprotein (Cyt c) and coenzyme Q with nanoparticles have also been 
investigated. The effect of various drugs influencing the potassium ion-channel opening 
and inner mitochondrial membrane polarization have been analyzed to elucidate the 
mechanisms of reduced sensitivity of some cells to hypoxia and reperfusion conditions. 
The RELS spectroscopy and fluorescence spectroscopy have been employed in 
measurements. 
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Synthesis and Characterization of Poly(caprolactone)-based X-ray Imaging 
Polymer Systems 

Brooke A Van Horn, vanhornba@cofc.edu, Caroline C Duncan, Kristin A Arabea, 
Marcus J Henderson.Department of Chemistry and Biochemistry, College of 
Charleston, Charleston, SC 29424, United States 

With two of the most common processes for imaging in the human body being general 
X-ray radiography and computed tomography (CT) technologies, researchers are 
exploring and developing new imaging agents and novel nanoscale vessels as 
alternatives to traditional unspecific small molecule, high dosage therapies and contrast 
agents. Our undergraduate-only research lab at College of Charleston is preparing 



functional poly(epsilon-caprolactone) systems with engineered X-ray opacity (from 
grafted small molecules) and water-solubility (from grafted poly(ethylene oxide) chains) 
via oxime and thiol-ene “Click” chemistries. This presentation will focus on our synthetic 
efforts and our cumulative characterization of the novel materials by proton and carbon 
nuclear magnetic resonance (NMR), infrared (IR) spectroscopies, gel permeation 
chromatography (GPC), differential scanning calorimetry (DSC) and thermogravimeteric 
analysis in addition to our characterization of the iodine-loading in the polymer samples 
to afford x-ray opacity. 
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Humidity dependence in silane monolayer patterning via atomic force microscopy 

Rodolfo M Torres-Gavosto, roditg@gmail.com, Cindy L. Berrie.Chemistry, University 
of Kansas, Lawrence, Kansas 66045, United States 

The ability to consistently create nanometer-sized patterns is essential for the 
development of molecular electronics and better biosensors. Due to their robust nature 
silane monolayers are widely used to create uniform surfaces. In order to effectively 
pattern these surfaces, all the parameters that impact the process must be optimized. 
Here in, two self-assembled monolayers (SAMs) were formed on a SiO2/Silicon(100) 
substrate, octadecyltrichlorosilane (OTS) and octadecyldimethylchlorosilane (ODMS). 
These SAMS were characterized using goniometry, ellipsometry, and atomic force 
microscopy (AFM). Different binding structures in these SAMs lead to drastically 
different results when patterning with an AFM cantilever. In addition to clear 
dependencies on tip sharpness and applied force, patterns created in both monolayers 
demonstrate an increased ease of removal under greater ambient humidity, indicating 
that the dependence could stem from the catalytic role of water in silane SAM formation. 
These patterns and the precise role of ambient humidity are being investigated. 
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Rapid crystallization of zeolite-Y (FAU) 

Michael Severance, severance.18@osu.edu, Prabir K Dutta.Department of Chemistry, 
The Ohio State University, Columbus, Ohio 43210, United States 

A method is described in which highly crystalline zeolite Y (FAU) is rapidly synthesized. 
A custom reactor is designed to cycle the H2O/Na2O in situ during the synthesis 
between 57.4 and 33.2. We demonstrate that this method yields crystalline zeolite Y in 
one quarter the time of traditional hydrothermal routes: 110min verses 450min 
respectively. The kinetics are further accelerated through dropwise addition of amines. 
We conclude our method allows the simultaneous optimization of both the nucleation 
and crystallization growth stages.  
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Ligand design and construction of a tunable AuNP-based MRI contrast agent 

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

Movement towards nanostructures as the primary platform for MRI contrasts has been 
evident in recent years. The ability to load multiple lanthanide agents onto a single 
particle, thus increasing magnetic contrast and potentially lowering toxicity, makes 
nanoparticle platforms appealing in imaging applications. Here we demonstrate efficient 
construction of AuNP-based contrast agents using various high-yield ligands. Synthesis 
of novel “click”-ready passivating ligands, one-pot AuNP synthesis with these ligands, 
and conjugation of chelated lanthanide complexes are shown. Moreover, the use of 
these “click”-ready ligands allows for versatile conjugation of multiple moieties (chelated 
lanthanides, DNA aptamers, cell penetrating peptides, etc.). Stoichiometric control over 
the surface conjugation of these moieties is essential for biointegration of nanoparticle-
based MRI contrast agents and is demonstrated here. 
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Supramolecular Assembly and Regulation of AIE Silole Molecules 

Qin Yuan1, Bing Shi Li1, phbingsl@yahoo.com, Jacky Lam2, Ben Zhong Tang2.Â  (1) 
Department of chemistry and chemical engineering, Shenzhen University, Shenzhen, 
Guangdong 518060, ChinaÂ  (2) Department of chemistry, Hong Kong University of 
Science and Technology, Hong Kong, China 

We study the noncovalent interaction tuned self-assemblies of Silole molecules bearing 
amino attachments (SI). The introduction of chiral amino acid attachments into silole 
backbone creates multiple chiral centers, which exert asymmetric force fields to the 



silole, leading to the formation of helical filaments. By using AFM, we found that the 
helical fibers were best showed at relatively low concentrations (figure 1). 

 

 
 

Figure 1 . AFM image of fibers formed upon natural evaporation of toluene solutions of 
SI on the surfaces of newly cleaved mica. Concentration of SI solutions:(a),(b) 150μM, 
(c)~(d) 0.0015μM 

The assemblies can also be tuned by changing the ratios of the mixed solvents (figure 
2).  



 
 

Figure 2 . AFM image of fibres formed upon natural evaporation of (a), (d) toluene (b), 
(e) toluene/acetonitrile (1:1,1:2 by volume), (c) toluene/THF (1:1 by volume), (f) 
toluene/acetonitrile/THF(1:1:1 by volume) solutions of SI on the surfaces of newly 
cleaved mica. Concentration of SI solutions:(a)~(c) 75μM, (d)~(f) 50μM 
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Effect of reducing agent on synthesis of palladium nanoparticles assemblies 

David Renard, drenard@umd.umich.edu, Caitlyn McCain, Krisanu 
Bandyopadhyay.Department of Natural Sciences, University of Michigan-Dearborn, 
Dearborn, MI 48128, United States 

After previous successful synthesis of in-situ generated gold nanoparticles on silicon 
surfaces using an aminosilane monolayer, focus shifted to potential application of the 
procedure toward palladium nanoparticles synthesis. Initial trials with sodium citrate as 
reducing agent resulted in palladium nanoparticles with no catalytic activity. As a result, 
new reducing agents like formic acid and sodium borohydride are explored. The 
resulting surface bound palladium nanoparticles are characterized by Atomic Force 
Microscopy (AFM), UV-visible spectroscopy and surface zeta potential measurements. 
Additionally, palladium nanoparticle assemblies generated by different reducing agents 
are used to investigate relative catalytic efficiency for oxidation of higher molecular 
weight alcohols and polyalcohols that has direct significance for direct alcohol fuel cells 
(DAFCs). 
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Synthesis of surface-active phosphates 



Iurii I. Galadzhun1,2, yura2424@gmail.com, Orest I. Hevus1, Mykola M. Borzenkov1.Â  
(1) Department of Organic Chemistry, Lviv Polytechnic National University, Lviv, Lviv 
oblast 79013, UkraineÂ  (2) Department of Chemistry, University of Louisiana at Monroe 
(ULM), Monroe, Louisiana 71212, United States 

The interaction of polyethylene glycole monomethyl eters of different molecular weights 
(550, 750 and 2000 g/mol) with phosphoryl chloride or with phosphorus (V) oxide has 
led to formation of corresponding monomethyl eters polyethylene glycole (MME PEG) 
phosphates. Maleic monomer with terminated phosphate group has been synthesized. 

 
 
 

Characteristics of monomethyl ethers with phosphate groups 

 Compound   
   
Yield,% 

  

 Expected/Found      
Molecular formula 

  Acidic number С,% Н,% 

 4a  94,4  178,1/169,5  46,76/45,51  8,27/8,02  С24,6H52,1O15,8P 
 4a*  96.0  178,1/167,1  46,76/45,18  8,27/8,42  С24,6H52,1O15,8P 
 4b  90.0  135,18/129,2  48,63/47,87  8,47/8,77  С33,6H70,3O20,3P 
 4c  83.8  53,94/48,6  52,18/51,95  8,84/8,13  С90,5H183,9O48,73P 
* product received by the method b 

 
The obtained compounds exhibit surface active propertiesand may and be used for 
colloid nanomaterials stabilization. 
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One-step synthesis of thermally responsive mixed polymer brushes 

Michael Seeber1, mseeber@g.clemson.edu, Yuriy Galabura1, Ruslan Burtovyy1, 
Bradley S Lokitz1, S. Michael Kilbey II2, Igor Luzinov1.Â  (1) School of Material Science 
& Engineering, Clemson University, Clemson, SC 29634, United StatesÂ  (2) Center for 



Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, TN 37831, 
United States 

A new and efficient technique for the synthesis of mixed thermally responsive polymer 
brushes is reported. This technique is unique in that responsive layers of varying 
thickness (30nm-100nm) can be chemically anchored in a 1-step fashion to various 
substrates using grafting of block copolymers. To this end, a series of two block 
copolymers were synthesized bearing poly(glycidyl methacrylate) (PGMA) blocks of 
varying molecular weight, and a constant length poly(N-isopropylacrylamide) and 
poly(ethylene glycol) (PEG) segments. The PGMA component serves as the anchoring 
block via covalent attachment due to PGMA epoxy functionalities and complimentary 
substrate surface chemical groups. This technique allows for 1-step modification of a 
wide variety of organic and inorganic surfaces, as long as the surface contains 
functionalities reactive with epoxy groups. Surface properties and characterization of the 
resulting 1-step mixed brush synthesis is compared with mixed brush fabrication in 2- 
and 3-step processes. Atomic force microscopy (AFM), ellipsometry, dynamic contact 
angle, protein adsorption and adhesion were used to characterize the resulting polymer 
films. 
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Investigating phosphonate monolayer stability in aqueous solution 

Brittany A Branch1,2, bbranch@unm.edu, Manish Dubey1, Aaron Anderson1, Kateryna 
Artyushkova3, J. Kevin Baldwin1, Dimiter Petsev3, Andrew M Dattelbaum1.Â  (1) Los 
Alamos National Laboratory, United StatesÂ  (2) Department of Nanoscience & 
Microsystems Engineering, The University of New Mexico, United StatesÂ  (3) 
Department of Chemical Engineering, The University of New Mexico, United States 

Organophosphonic acids have recently been explored as protective coatings in 
biosensors. In this study we investigate deposition of octadecylphosphonic acid and 
perfluorophosphonic acid on various oxide layers and characterized them by water 
contact angle, ellipsometry, x-ray photoelectron spectroscopy, and atomic force 
microscopy. The stability of these monolayers was investigated in water and phosphate 
buffer. We found that the monolayers on SiO2 and TiO2 exhibited significant surface 
reorganization upon exposure to water. SAMs formed on Al2O3 and HfO2 were much 
more stable where Al2O3 showed short-term stability (up to 10 days) in water, while 
SAMs on HfO2-coated surfaces were stable for more than 10 days under aqueous 
conditions. Furthermore, PFPA SAMs on HfO2 were found to be the most stable SAMs 
studied here with up to 20 days of stability in water. These results demonstrate the 
longest stability in aqueous conditions for any reported phosphonate SAM on an oxide 
surface. 

COLL 423 

Size dependent ionic conductivity of zeolite 



Michael Severance1, Yangong Zheng2, zheng.66@osu.edu, Prabir Dutta1.Â  (1) 
Department of Chemistry, The Ohio State University, Columbus, Ohio 43210, United 
StatesÂ  (2) School of Electronic Science and Technology, Dalian University of 
Technology, Dalian, Liaoning 116023, China 

The ionic conductivity of aluminosilicate zeolite Y was studied as a function of particle 
size. Impedance spectroscopy data obtained from particles of ~ 600 nm, 200nm, and 
40nm indicate higher conductivities for smaller particles with activation energies of 83, 
75, and 66 kJ/mole, respectively. A model using parallel surface and bulk conductivity 
was developed to explain these observations.  

 
 

COLL 424 

Direct visualization of the Disassembly of polyphenylacetylene carrying Valine 
Attachments Tuned by a pH Change 

Bing Shi Li1, phbingsl@yahoo.com, Benzhong Tang2.Â  (1) department of chemistry 
and chemical engineering, Shenzhen University, Shenzhen, Guangdong 518060, 
ChinaÂ  (2) Department of Chemistry and Chemical Engineering, Hong Kong University 
of Science and Technology, Hong Kong, Guangdong, China 

We utilized fluorescence microscope in the detection of pH-switching effect of L-valine 
containing polyphenylacetylene (PPA–Val) by binding the helical polymer chains with 
Ru (II) complexes. We revealed an in situ and realtime unraveling process of the helical 
assemblies of PPA–Val stimulated by addition of KOH to its solution with fluorescence 
microscope. 



 



 



 

Figure 1. In situ and realtime fluorescence images of the unraveling of the assemblies 
formed by PPA-Val into loose loops with addition of KOH to its water solution.image a 
was recorded at 0 time without adding KOH, the images b and c were recorded with 
addition of KOH after 10 seconds, 20 second. 

 

 
 

Figure 2 Disassembly of the superhelices of PPA-Val induced by a variation of pH. The 
entanglements of the helical assemblies were unraveled into loose loops. 
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Ionic Strength and Specific Ion Effects on Antimicrobial Peptide Activity 

William F. Walkenhorst1, walken@loyno.edu, Joshua M. Laviolet1, Carissa A. 
Marston1, Justine Sundred1, William Wimley2.Â  (1) Department of Chemistry, Loyola 
University New Orleans, New Orleans, LA 70118, United StatesÂ  (2) Department of 
Biochemistry, Tulane University Medical School, New Orleans, LA 70112, United States 

The effect of ionic strength on the activity of a family of designed antimicrobial peptides 
was measured for a panel of microorganisms. The minimum sterilizing concentrations 
(MSC) were found to vary linearly with ionic strength for a variety of ionic species. 
[figure 1] In addition, specific ion effects were observed for MgSO4 which was later 
shown to be due to the divalent Mg2+ ion. The MSC values for our peptides against four 
microorganisms were determined in the presence of divalent Mg and Ca ions. Specific 
ion effects were observed to occur in different concentraion ranges in an organism 
dependent fashion. 
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Investigation on the Removal of Zn Ion by Solvent Sublation 



Tian-yu Zhang1, Yu-juan Lu2, yjlv@szu.edu.cn.Â  (1) Normal College Middle School, 
Shenzhen University, Shenzhen, Guangdong 518060, ChinaÂ  (2) College of Chemistry 
and Chemical Engineering, Shenzhen University, Shenzhen, Guangdong 518060, 
China 

Solvent sublation, originally introduced by Sebba, has shown promising features for 
removing hydrophobic compounds and ions from aqueous systems.The removal of the 
Zn ion as the Zn-dithizone complex, [(C13H12N4S)2Zn2+], from aqueous solutions was 
studied based on the solvent sublation of [(C13H12N4S)2Zn2+]-cetyltrimethyl 
ammonium bromide (CTAB) (sublate) into isopentanol. The experimental conditions, 
such as the pH, the ratio of surfactant to Zn complex and the effects of electrolytes, 
were optimized. More than 98% Zn ions can be removed from the aqueous solution 
within 1 hr with the ratio of 5:1 of surfactant to Zn-dithizone complex. The removal 
efficiency increased dramatically with the treatment of 0.5 M NaCl. The removal rate 
was somehow enhanced at higher airflow rate. Further, it was independent of the 
volume of the organic solvent floating on the top of the aqueous column. According to 
thermodynamic studies, this process is consistent with the first order kinetics. The 
apparent activation energy of the attachment of sublates to bubbles was estimated to be 
9.04 kJ/mol. A mathematical model for the [(C13H12N4S)2Zn2+]-surfactant was 
obtained based on the complete transport mechanism. In addition, the simulation of the 
mathematical and experimental data was consistent. 

 

 
 

Figure1. Simulation of experimental results for the solvent sublation of 
[(C13H12N4S)2Zn2+]- CTAB, the line represents for the theoretical result; the circle 
represents the experimental result, CZn= 2.55×10-5 mol/L; CCTAB = 1.275×10-4 mol/L. 
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Surgery-like-induced fusion of droplets in microchannels for preparing 
microspheres and microcapsules 

Nan-Nan Deng, dengnannan@yahoo.cn, Wei Wang, Rui Xie, Xiao-Jie Ju, Liang-Yin 
Chu.Department of Chemical Engineering, Sichuan University, Chengdu, Sichuan 
610065, China 

The on-demand fusion of diverse microdroplets in microfluidic systems can be 
employed as microreactors to perform a range of chemical and biological reactions. 
However, current techniques of droplet fusion are mostly triggered by special channel 
design, electrical fields or lasers. These methods are either complicated to construct or 
difficult to control. Here we report a novel and simple surgery-like-induced approach to 
control the fusion of surfactant-stabilized droplets in microchannels. When two droplets 
flow across a lancet-like mechanical component embedded in convergence 
microchannel simultaneously, they will be adsorbed and scratched on the surface, 
which causes the change in surface tension to induce fusion of the two droplets. In this 
method, the fusion of water-in-oil emulsions and multi-core oil-in-water-in-oil emulsions 
are successfully demonstrated for the first time, from which the chitosan microspheres 
and microcapsules are prepared. Our technique also could be potentially applicated in 
microreactors, high-throughput reagent injection, etc. 

COLL 428 

Thiol/disulfide rationale to formulate therapeutic biopolymer nanomaterials 

Antonio Francesko, antonio.francesco@upc.edu, Margarida M Fernandes, Tzanko 
Tzanov.Department of Chemical Engineering, Universitat PolÃ¬tecnica de Catalunya, 
Terrassa, Barcelona 08222, Spain 

Thiolation of biopolymers is known to improve mucoadhesion, targeted tissue 
permeation and enzyme inhibition. Ambiguously, highly thiolated biopolymers display in 
situ gelling properties due to oxidative inter- and intra-molecular disulfide cross-linking. 
In order to exploit the reversible thiol-disulfide interconversion at a nanometer scale 
various thiolated biopolymers were processed into nanomaterials of different design. 
Nanoscale surface coatings were deposited on gold in a layer-by-layer fashion using 
cationic thiolated chitosan and glycosaminoglycan counterions. In another approach, 
nanoparticles were developed from thiolated biopolymers in a one-step sonochemical 
process. In both cases the degree of biopolymer thiolation was identified as a key factor 
controlling the thickness of the coating and the size of the nanoparticles. Additionally, 
the exploitation and therapeutic properties, e.g. biostability, drug delivery, cell-material 
interactions, and enzymes inhibition, of these novel nanomaterials were tunable by the 
thiol/disulfide ratio. 
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Formulation of hybrid biopolymer hydrogels containing phenolic nanoparticles 



Petya Petkova, petya.stoyanova@upc.edu, Antonio Francesko, Tzanko 
Tzanov.Department of Chemical Engineering, Universitat PolÃ¬tecnica de Catalunya, 
Terrassa, Barcelona 08222, Spain 

Processing of bioactive molecules into nanoscaled particles (NPs) ensures their 
improved bioavailability and reduced dose administrations. Additionally, in order to 
control the localized drug delivery, these nanotherapeutics are used in combination with 
implantable medical devices. An ideal NPs therapy should provide effective and 
continuous therapeutic doses over extended periods of time. In this study, 
nanotherapeutics from various polyphenolic compounds were formulated under 
sonication. Moreover, hybrid hydrogel-nanotherapeutics devices were obtained by 
dispersion of polyphenolic NPs in biopolymer solutions prior to their in situ auto- or 
enzymatically induced gelation. The in vitro NPs release profiles from the platforms 
were found to be tunable by the gelation mechanism used, e.g. disulfide or enzymatic 
cross-linking. Finally, the hybrid systems were evaluated for their biocompatibility, 
capacity to inhibit deleterious wound enzymes and potential to induce wound closure in 
a specially designed ex-vivo wound model. 

COLL 430 

Combined antimicrobial/antifouling coatings using zwitterion-decorated phenolic 
nano-capsules 

Carlos Diaz Blanco, carlos.diaz.blanco@upc.edu, Antonio Francesko, Margarida M 
Fernandes, Tzanko Tzanov.Department of Chemical Engineering, Universitat 
PolitÃ¨cnica de Catalunya, Terrassa, Barcelona 08222, Spain 

More than 60% of bacterial infections currently treated in hospitals are related to the 
formation of biofilms, which are bacterial communities encased in a self-produced 
hydrated polymeric matrix. In this study, nanoscale capsules (NCs) made of plant 
polyphenols have been sonochemically generated and/or loaded with antimicrobials. 
Thereafter, these nanocarriers were enzymatically grafted on pre-aminated medical 
grade silicone. In a second step, the polyphenolic NCs were co-polymerize with 
zwitterionic vinyl moieties using laccase enzyme. As a result, a multifunctional surface 
was obtained combining: i) antibacterial activity of polyphenols, ii) anti-biofilm formation 
properties resulting from zwitterionic moieties and iii) potential drug delivery from the 
phenolic capsules. The successful generation of NCs and subsequent grafting on 
silicone and functionalization were evaluated by means of chemical, physical and 
spectroscopic techniques, while the efficiency of the resulting surfaces against biofilm 
formation was assessed in vitro against Gram– and Gram+ bacteria. 
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Wound dressing hydrogels with in-built antioxidant and antimicrobial systems 



Gibson Stephen Nyanhongo, g.nyanhongo@tugraz.at, Gibson Stephen Nyanhongo, 
g.nyanhongo@tugraz.at.Institute of Environmental Biotechnology, Graz University of 
Technology,, Petersgasse 12/1,, Graz 8010,, AustriaInstitute of Environmental 
Biotechnology, University of Natural Resources and Life Sciences, Vienna, Konrad 
Lorenz Strasse 20, 3430, AustriaDepartment of Food Sciences and Technology, 
University of Natural Resources and Life Sciences, Vienna, Vienna 1190, 
AustriaDepartment of Textile Engineering, University of Minho, GuimarÃ£es, 
GuimarÃ£es 4800 058, Portugal 

Chronic wounds constitute a major health care problem all over the world partly 
attributed to persistent production of free radicals and pathogenic bacteria. This work 
presents for the first time, a dynamic system which is able to continuously quench free 
radical and inhibit pathogens. This system is based on the ability of phenolic 
antioxidants to quench free radicals and the ability of cellobiose dehydrogenase (CDH) 
to reduce oxidized phenolic antioxidants back to the parent compound as well as the 
ability of CDH to use oxygen for production of hydrogen peroxide. In vitro incubation of 
radical generating system with phenolic antioxidants resulted in the oxidation of the 
respective phenolic antioxidants and addition of the antioxidant regenerating system 
resulted in the regeneration of the parent compound. Hydrogels loaded CDH hydrogels 
and supplemented with cellobiose completely inhibited the growth of Stapylococcus 
aeureus, Bacillus subtilis, Pseudomonas putida and Cellulomonasmicrobium cellulans. 

COLL 432 

Re-design of cutinases to increase activity on Polyesters 

Enrique Herrero Acero1, enrique.herreroacero@acib.at, Doris Ribitsch1, Annemarie 
Marold1, Katrin Greimel1, Georg Steinkellner1, Karl Gruber1, Helmut Schwab1,2, Artur 
Cavaco-Paulo3, Georg M. Guebitz1,4.Â  (1) Austrian Centre of Industrial Biotechnology, 
Graz, AustriaÂ  (2) Institute of Molecular Biotechnology, Graz University of Technology, 
Graz, AustriaÂ  (3) Department of Textile Engineering, University of Minho, Graz, 
AustriaÂ  (4) Institute of Environmental Biotechnology, University of Natural Resources 
and Life Sciences, Vienna, Austria 

Among the enzymes described to hydrolyze synthetic polyesters, cutinases have been 
shown to be most active on PET. Recently we have identified two cutinases from 
Thermobifida cellulosilytica (Thc_Cut1 & Thc_Cut2) having only few amino acid 
differences located outside the active site but yet showing very different kinetic 
parameters regarding hydrolysis of PET. Therefore, based on exchanges of these 
critical aminoacids we investigated their influence in hydrolysis of soluble and insoluble 
substrates and developed mutants more active towards PET. 

We also fused two binding domains from a PHA-depolymerase from Alcaligenes 
faecalis (Thc_Cut1+PBM) and from cellobiohydrolase I from Trichoderma reesei 
(Thc_Cut1+CBM) to Thc_Cut1 in order to improve the sorption process on the polymer 
surface. We successfully cloned, expressed and characterized these enzymes in terms 



of hydrolysis of soluble substrates and PET. It was possible to correlate an increase in 
adsorption measured with Quarz Crystal Microbalance with Dissipation (QCM-D) with a 
higher activity measured as soluble released products (HPLC-UV). 

 

 
 

COLL 433 

Osteogenic differentiation of human mesenchymal stem cells onto electrospun 
laponite-doped poly(lactic-co-glycolic acid) nanofibers 

Shige Wang1, shigewang@mail.dhu.edu.cn, Leqiang Zhang2, Xiangyang Shi2.Â  (1) 
College of Materials Science and Engineering, Donghua University, Shanghai, ChinaÂ  
(2) College of Chemistry, Chemical Engineering and Biotechnology, Donghua 
University, Shanghai, China 

We report the fabrication of laponite (LAP)-doped poly(lactic-co-glycolic acid) (PLGA) 
nanofibers for osteogentic differentiation of human mesenchymal stem cells (hMSCs). 
In this study, LAP-doped PLGA nanofibers were formed via simply electrospinning the 
mixture solution of PLGA and LAP. We show that the incorporation of LAP does not 
significantly change the uniform PLGA fiber morphology, instead significantly improves 
the mechanical durability of the nanofibers. The surface hydrophilicity and protein 
adsorption capacity of the composite nanofibers slightly increase after doping with LAP. 
Cytocompatibility results reveal that the incorporated LAP is beneficial to promote the 
cell adhesion and proliferation likely due to the improved surface hydrophilicity and 
protein adsorption capability of the fibers. Finally, we demonstrate that the doped LAP 
within the PLGA nanofibers is able to induce the osteoblast differentiation of hMSCs in 
complete medium without any inducing factors  

 
 
 



. The fabricated LAP-doped PLGA nanofibers may find many various tissue engineering 
applications. 

COLL 434 

Sugar-selective imaging of mannose by atomic force microscopy using probe 
tips modified chemically with concanavalin A 

Shigeto Inoue2, Yoshio Nakahara1, Shinpei Kado1, Mutsuo Tanaka3, Keiichi Kimura1, 
kkimura@center.wakayama-u.ac.jp.Â  (1) Department of Applied Chemistry, Wakayama 
University, Wakayama, JapanÂ  (2) Analytical Science Research Laboratories, Kao 
Corporation, Wakayama, JapanÂ  (3) Advanced Industrial Science and Technology, 
Tsukuba, Ibaraki 305-8565, Japan 

We have successfully accomplished a sugar-recognition imaging at high-resolution by 
atomic force microscopy (AFM) using probe tips functionalized chemically with 
concanavalin A(ConA). The specific unbinding force between mannose and ConA can 
be observed by AFM force measurements using the ConA-modified probe tip. We can 
utilize the ConA-modified AFM tip to obtain sugar-selective images on a substrate with 
artificial pattern of sugars based on the specific interaction force between ConA and the 
mannose moiety on the substrate. We demonstrate that the image contrasts can be 
attributed to the sugar recognition by the ConA immobilized onto the AFM probe tip. In 
addition, a similar sugar-recognition imaging was conducted on quasi biological 
membranes with a phosphorylcholine group using the ConA-modified AFM tip. 

COLL 435 

Determining Avidity Distribution of Ligand-functionalized Multivalent 
Nanoparticles Using SPR Kinetic Analysis 

Ming-Hsin Li1,2, minghsin@umich.edu, Pascale R Leroueil2, James R Baker1,2,3.Â  (1) 
Department of Biomedical Engineering, University of Michigan, ann arbor, MI 48109, 
United StatesÂ  (2) Michigan Nanotechnology Institute for Medical and Biological 
Sciences, ann arbor, MI 48109, United StatesÂ  (3) Deparment of Internal Medicine, 
University of Michigan, ann arbor, MI 48109, United States 

Multivalent interactions have been used for a number of biomedical applications 
involving targeted therapy and imaging. We attempted to develop design guidelines for 
multivalent interactions by examining the effects of valence and the affinity of ligands on 
multivalent interactions of synthetic nanoparticles where the affinity is modulated using 
programmable ssDNA sequences as ligands. We then measured kinetic parameters of 
nanoparticles with complementary oligonucleotides using SPR. These interactions 
resulted in reproducible kinetic curves with biphasic behaviors, including both a fast 
dissociation and a slow disassociation that was irreversible during the time course of 
experiments. We also developed kinetic analyses to quantify the molar fraction of 
nanoparticles demonstrating different behaviors and identify their avidities. These 



analyses demonstrated that valence number of the nanoparticle and the ligand affinity 
both markedly affect multivalent interactions. Our results suggest multivalent 
nanoparticles functionalized with µM-affinity high-valence ligands show enhanced 
multivalent interactions and targeting efficacy. 

COLL 436 

Preparation and characterization synthetic polymer ligands that recognize target 
peptides with multipoint interaction 

Haejoo LEE, haejoo@chem-eng.kyushu-u.ac.jp, Yusuke Wada, Yu Hoshino, Yoshiko 
Miura.Department of chemical engineering, Kyushu university, Fukuoka, Fukuoka 819-
0395, Japan 

It has been reported that synthetic polymer nanoparticles with optimized combination of 
functional monomer, such as hydrophobic or charged monomer, can bind and neutralize 
toxic peptides. Some of the particles are capable of recognizing and neutralizing the 
target peptide even in the bloodstream of living animals. However, neutralization 
capacity in vivo was significantly lower than that in vitro.One of the considerable 
reasons isthe nonspecific binding of serum proteins competing with binding of the target 
peptides. To utilize the materials in the biological milieu, design of synthetic materials 
with higher specificity are required. Here, we suggest linear polymer ligands that 
recognize target peptide with multipoint interaction. Reversible addition-fragmentation 
chain-transfer (RAFT) polymerization was employed to synthesize multifunctional 
polymer ligands with much lower molecular weight and polydispersity index (PDI) than 
nanoparticles, enabling much narrower diversity of polymer structure. Prepared linear 
polymer ligands showed different affinity and specificity to the target peptide, depending 
on the molecular weight and monomer compositions. 

COLL 437 

Surface modification on thiol-functionalized PDMS for potentially antibacterial 
biomaterials 

Jianfeng Zhang, zhangj53@mcmaster.ca, Madiha Khan, Michael Brook.Department of 
Chemistry, McMaster University, Hamilton, Ontario L8S 4M1, Canada 

The surface hydrophobicity of polydimethylsiloxane (PDMS) can limit its use in 
biomaterials due to the significant adsorption of biological components. Several 
strategies to improve the hydrophilicity of PDMS are often compromised by hydrophobic 
recovery. We report controlled surface modification by the introduction of thiol groups 
onto PDMS surfaces and then modification of the surface by thiol-ene click reactions, 
and oxidation. The PDMS surface was first functionalized with thiol groups by base-
catalyzed equilibrium treatment with HS(CH2)3Si(OR)3. After maleic anhydride was 
introduced using thiol-ene click processes, a variety of surfactants and polymers were 
grafted via ester/amide formation. Residual thiols could be protected through oxidation, 



or undergo secondary reaction. The hydrophilicity of PDMS surface was improved. The 
ability of E. coli to adhere and propagate is affected by the nature of the surface, both 
with respect to hydrophilicity and the presence of different functional groups. These 
relationships will be discussed. 

COLL 438 

Chitosan based hydrogels for bone tissue engineering 

Jayachandran Venkatesan1,2, venkatjchem@gmail.com, Se-Kwon Kim1,2.Â  (1) 
Department of Chemistry, Pukyong National University, Busan, Nam-Gu 608-737, 
Republic of KoreaÂ  (2) Chemistry, Marine Bioprocess Research Center, Busan, Nam-
Gu 608-737, Republic of Korea 

In the recent era, significant development has been achieved in the research field based 
chitosan hydrogels for bone tissue engineering. In the present study, we have prepared 
and analyzed different kind of hydrogels by the combination of carbon nanotube and 
collagen with chitosan, and also in vitro biomineralisation was (hydroxyapatite coating) 
attained on the hydrogels by stimulated body fluid. The prepared hydrogels are 
chemically characterized, and in vitro studies are performed with osteoblastic (MC3T3-
E1) cell line and in vivo study. The obtained results infer that the prepared hydrogels are 
non-toxic and higher proliferation was observed on the ternary hydrogels. As the 
conclusion, by the addition of collagen, carbon nanotube and hydroxyapatite in the 
chitosan hydrogel, improved properties was observed to mimic the nature function of 
bone. 

 

 
 



COLL 439 

Chlamydia major outer membrane protein (MOMP) induces high IFN-γ and T-cell 
proliferative responses in mice 

Aterica Pearson1, bjdagreatest@yahoo.com, Saurabh Dixit2, Shree R Singh2, Vida 
Dennis2.Â  (1) Southern University Shreveport, United StatesÂ  (2) Alabama State 
University, United StatesÂ  (3) Alabama State University, United StatesÂ  (4) Alabama 
State University, United States 

Chlamydia trachomatis genital infection is a worldwide public health problem. Overall, 4 
million Chlamydia cases were reported to the CDC in 2010. Considerable effort has 
been expended on developing an efficacious vaccine. The murine model of C. 
trachomatis genital infection has been extremely useful for identification of protective 
immune responses and in vaccine development. Although a number of immunogenic 
antigens have been assessed for their ability to induce protection, the majority of 
studies have utilized the whole organism and its major outer membrane protein (MOMP) 
as vaccine candidates. MOMP is the most immune-stimulatory protein identified to date, 
but it does not induce sterile protection and at the same time it is reported to be 
immunosuppressive in nature. To begin to identify the immune-stimulatory regions with 
T-cell epitopes, we immunized three groups of mice at two-week interval as follows: (i) 
Group1 (PBS + incomplete Freunds adjuvant (ii) Group 2 (live C. trachomatis) (iii) 
Group 3 (rMOMP + incomplete Freunds adjuvant). Mice were sacrificed two weeks after 
the last immunization, and purified T-cells isolated from spleens of immunized mice 
were restimulated in vitro with Concanavalin A, UV-inactivated C. trachomatis and 
rMOMP. T-cell samples from mice were analyzed by cytokine ELISA for IFN-γ 
production and the MTT assay for T-cell proliferation. Our results revealed that rMOMP–
stimulated T-cells induced maximum production of IFN-γ and proliferation as compared 
to the PBS and C. trachomatis immunized groups. Studies are ongoing to identify the 
specific immune-stimulatory regions of MOMP. 

COLL 440 

Enhancement of activity of antioxidants by platinum nanoparticles catalysis 

Takeki Hamasaki1, takeki@agr.kyushu-u.ac.jp, Hidekazu Nakanishi2, Kiichiro Teruya1, 
Shigeru Kabayama3, Sanetaka Shirahata1,2.Â  (1) Department of Bioscience and 
Biotechnology, Kyushu University, Fukuoka, JapanÂ  (2) Graduate School of Systems 
Life Sciences, Kyushu University, Fukuoka, JapanÂ  (3) Nihon Trim Co. LTD, Osaka, 
Japan 

Some of nanoparticles exhibit antioxidant activities and are expected their new 
beneficial application, although many researches are focusing on toxicity and safety of 
metal nanoparticles. We previously reported superoxide anion radical- and hydroxyl 
radical-scavenging activities of platinum nanoparticles (Pt NPs) in vitro, demonstrating 
intracellular reactive oxygen spices (ROS)-scavenging activity of Pt NPs using cultured 



animal cells. Here we show another aspect of Pt NPs as antioxidants. There is a 
possibility that Pt NPs enhances only atomic hydrogen transfer reactions in cells 
because of reductive atmosphere are maintained by the intracellular redox regulation 
system. Actually, Pt NPs enhanced DPPH radical and ROS scavenging reaction of 
reduced glutathione and ascorbic acid in vitro. In this presentation, we will show the 
influence of Pt NPs on reaction by biological antioxidants in stoichiometric and kinetic 
study, discussing the correlation of intracellular ROS-scavenging activity and Pt NPs-
enhanced antioxidant activity. 

COLL 441 

Analysis of mechanism of intracellular reactive oxygen species-scavenging 
activity by platinum nanoparticles 

Hidekazu Nakanishi1, naka-hide@grt.kyushu-u.ac.jp, Takeki Hamasaki2, Kiichiro 
Teruya2, Shigeru Kabayama3, Sanetaka Shirahata1,2.Â  (1) Division of Life Engineering, 
Graduate School of Systems Life Sciences, Kyushu University, Fukuoka, JapanÂ  (2) 
Department of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu University, 
Fukuoka, JapanÂ  (3) Nihon Trim Co. LTD, Osaka, Japan 

Most of studies using nanometer-sized metal particles have focused on biological safety 
and potential hazards. However, we previously reported that platinum nanoparticles (Pt 
NPs) could scavenge reactive oxygen species (ROS) such as superoxide anion radical 
and hydroxyl radical, demonstrating intracellular ROS-scavenging activity of Pt NPs 
using cultured animal cells. In this study, we analyzed intracellular ROS-scavenging 
activity of Pt NPs in more details. Pt NPs did not show cytotoxicity on rat myoblast cells 
below 10 ppm. Pt NPs scavenged intracellular H2O2 dose-dependently. In addition, Pt 
NPs increased the amount of intracellular glutathione in the range of 0.01-1 ppm. Pt 
NPs also upregulated antioxidant-related gene expressions, suggesting that Pt NPs 
uptaken into cells regulate redox signaling pathways because Pt NPs scavenged 
intracellular ROS significantly even in a concentration as low as 0.01 ppm. The 
mechanism of action of Pt NPs will be discussed 

COLL 442 

Dielectrophoretic Manipulation and Assembly of Colloidal Particles 

Hyerim Hwang, hyerimhwang@fas.harvard.edu, Frans Spaepen, David Weitz.School 
of Engineering and Applied Sciences, Harvard University, Cambridge, Massachusetts 
02138, United States 

Manipulating the particle concentration is of great importance for the overall behavior for 
colloidal systems as well as the other soft matter systems such as polymers, 
biomaterials, emulsions, and liquid crystals. Gravity and temperature gradients have 
been used to control the particle concentration in colloidal systems which are difficult to 
be precise. Here, we demonstrate the electric bottle composed of uncharged colloidal 



particles which can be manipulated by dielectrophoretic forces in a confined space. It 
provides much better ability to precisely manipulate and assemble particles by tuning 
the nature of the electric fields such as frequency, field gradients, charge of the 
particles, and dielectric constant. By creating an array of cascaded electrode we can 
make a broader electric field gradient and speed up the assembling process. 
Furthermore, electric bottles with on-chip electrodes and microfluidics can be used for 
bioassays by manipulating cells or biomolecules. 

COLL 443 

Vertically aligned Hematite (α-Fe2O3) nanotubes by electrochemical anodization 
for water splitting applications 

Archana S Panikar1,2, aspanikar@crimson.ua.edu, Shanlin Pan1,2, Arunava 
Gupta1,2,3.Â  (1) Department of Chemistry, The University of Alabama, Tuscaloosa, 
Alabama 35487, United StatesÂ  (2) Center for Materials for Information Technology 
(MINT), The University of Alabama, Tuscaloosa-, Alabama 35487, United StatesÂ  (3) 
Department of Chemical Engineering and Biological Engineering, The University of 
Alabama, Tuscaloosa, Alabama 35487, United States 

Functional nanostructured metal oxide semiconductors (n-MOS) of band gap fall in the 
visible spectrum are actively sought as photocatalyst to enable efficient splitting of water 
for hydrogen production. Among the many n-MOS, hematite (α-Fe2O3) is arguably the 
most suitable one for water splitting reaction due to its band gap energy (~2.2 eV) that 
falls in the high-intense side of solar spectrum, suitable band edges, high stability, 
possibility of producing mesoporous materials, and lower cost. However, due to high 
charge recombination and short hole transport distance the efficiency of the reaction is 
considerably reduced in nanostructured hematite particles. To overcome this drawback, 
alternate morphologies such as vertically aligned nanowires, which support channelled 
charge transport thereby reducing the recombination rate, are employed. In this 
research, hematite nanotubes were produced by anodizing iron sputter deposited on 
FTO coated glass substrates and characterized for their suitability for water splitting to 
enable solar hydrogen production. 

COLL 444 

Combining ligand design and photo-ligation to transfer hydrophobic quantum 
dots to hydrophilic media 

Naiqian Zhan, Nz10d@fsu.edu, Goutam Palui, Hedi Mattoussi.Chemistry and 
Biochemistry, Florida State University, Tallahassee, Florida 32306, United States 

We describe the synthesis of a series of compact ligands made of multi-coordinating 
(lipoic acid based) anchors, polyethylene glycol or zwitterion groups, and tunable 
terminal functions. We combine these ligands with a novel photo-ligation strategy to 
promote the transfer of QDs to polar and buffer media using such ligands, where in-situ 



reduction of the dithiolane, achieved under UV irradiation, is coupled with rapid ligand 
exchange on hydrophobic QDs. This strategy drastically improves previous transfer 
methods and is well adapted to the in-situ modification of QD surfaces with diverse 
functionalities. QDs with long term colloidal stability at sub-nanomolar concentrations 
under a range of biologically relevant conditions have been prepared and tested. This 
bodes well for in vivo imaging where very small concentrations are used. We also found 
that QDs stabilized with zwitterionc ligands are fully compatible with metal-histidine 
driven self-assembly with control the QD-protein conjugate valence. 

COLL 445 

Design of multidentate oligomeric ligands to enhance the biocompatibility of 
metal oxide nanoparticles 

Wentao Wang, faldeek@chem.fsu.edu, Hyon Bin Na, Goutam Palui, Fadi Aldeek, Hedi 
Mattoussi.Chemistry and Biochemistry, Florida State University, Tallahassee, Florida 
32306, United States 

We have developed a new versatile surface-functionalization strategy based on ligand 
exchange that is applicable to metal oxide nanoparticles (e.g., Fe3O4 NPs). This 
strategy involves the design of new set of multidentate dopamine oligomers prepared 
using one-step reaction of a short polymer backbone with lateral poly(ethylene glycol) 
short chains (or other hydrophilic moieties), and dopamine anchors. Here the catechol 
groups allow strong affinity to the iron oxide NPs, while dispersion in buffer media and 
biocompatibility is promoted by the PEG moieties. Ligand exchange of Fe3O4 NPs with 
these oligomers is remarkably efficient compared to other mono-coordinating capping 
molecules. The resulting NPs preserve their homogenous size and distribution and 
exhibit high colloidal stability over a broad range of conditions. Furthermore, our 
strategy allows the easy insertion of a controllable number of functional groups (e.g., 
amine or azide) on the NPs, making them compatible with commonly used bio-
orthogonal chemistries. 

COLL 446 

Millisecond reaction kinetics between colored anionic complex and cationic 
polyelectrolytes with varying structure using stopped flow UV/Vis 
spectrophotometry 

Niko Aarne, niko.aarne@aalto.fi, Mikhail Iakovlev, Naveen Chenna, Eero Kontturi, 
Janne Laine.Department of Forest Products Technology, Aalto University, Espoo, Aalto 
00076, Finland 

The cooperative binding of toluidine blue (I) + polyethylenesulfonate (A) complex and 
cationic polyelectrolytes (C) with different composition were studied with stopped flow 
mixer complemented with a diode array spectrophotometer (wavelength range from 190 
nm to 720 nm). The millisecond reaction kinetics of cationic and polyelectrolyte 



complexes were studied with the help of the well-known metachromatic effect of 
toluidine blue. Our goal was to determine the reaction constants for the reactions: 
A+C=AC and AI+C=AC+I. (The reaction A+I=AI is exceedingly fast, in the order of 109 
M-1·s-1.) The results can be used in a wide range of applications, including water 
treatment systems and polyelectrolyte titrations. The kinetics also allows for better 
characterization of polyelectrolyte interactions and design of polyelectrolyte complexes. 

COLL 447 

Vibrational sum frequency generation analysis of amine-terminated organosilane 
self-assembled monolayers 

Lawrence F. Scatena, larry.scatena@boisetechnology.org, Geoffery A. Lott, Eduard I. 
Poinescu, Michael W. Hill.Boise Technology, Inc, Nampa, Idaho 83687, United States 

Self-assembled monolayer (SAM) thin films formed by amine-terminated organosilanes 
have found widespread use in biosensing devices due to their ease of preparation and 
their modifiable surface chemistry. Ideally the silane anchors to the surface of a silicon 
wafer or substrate generating an amine-rich interfacial layer for the attachment of 
biomolecules. The formation of SAMs is however a very complex process, with extreme 
sensitivity to preparation conditions such as concentration, temperature, solvent, and 
deposition time, that can easily result in a non-idealized film structure. We utilize 
vibrational sum frequency generation (VSFG) spectroscopy to study the interface-
specific chemistry of SAMs generated from a variety of amino-terminated organosilanes 
in an effort to understand and optimize SAM morphology. 

COLL 448 

Microfluidics: Effect of channel width and design on miscible and partially 
miscible systems 

Gloria Viner1, gxv111030@utdallas.edu, Carlos Ho1, John A. Pojman2, Wonjae 
Choi1.Â  (1) Department of Mechanical Engineering, University of Texas at Dallas, 
Dallas, TX 75080, United StatesÂ  (2) Department of Chemistry, Louisiana State 
University, Baton Rouge, LA 70803, United States 

Our primary objective was to design and build a microfluidic device in which we could 
study miscible and partially miscible systems and measure interfacial tension. In this 
study, we observed how different channel widths and different junctions can affect 
different miscible and partially miscible systems. We used four different kinds of 
miscible and partially miscible systems. We used channel widths between 5 to 100 
microns and a three-channel joint that merged with different shapes. Junctions that 
narrowed at different at different angles had different behaviors. For example, junctions 
that narrowed and then widened to a S-shaped curve were more likely to have droplet 
break-up. Too small or too large channel widths had globs of drops or streams that 
would break up other streams or globs into smaller streams or globs. We conclude that 



channel width and junctions can affect the behavior of different types of miscible and 
partially miscible systems. 

COLL 450 

Heavy Metal Separation: Could there be a silver bullet? 

Olisa K Menakaya, omenakaya@my.tnstate.edu, Tasneem A Siddiquee.Department of 
Chemistry, Tennessee State University, Nashville, Tennessee 37209, United States 

Development of a simple metal ion separation method will be discussed, where 
precipitation chemistry will be utilized. Recently, there have been concerns about the 
fate of separated wastes. Separation methods that can separate the waste into useful 
materials can be the answer to these concerns. When designing such a separation 
method, much attention was paid, so that the separated materials can served some 
useful purposes. As representative metal ion solutions, Cu2+ and Co2+ where treated, 
and the results of these studies will be presented 

COLL 451 

Perforated Microcapsules with Selective Permeability created by Double-
Emulsion Templates 

Shin-Hyun Kim, kim.sh@kaist.ac.kr, Bomi Kim.Department of Chemical and 
Biomolecular Engineering, KAIST, Daejeon, Republic of Korea 

We report a new microfluidic emulsification technique for production of double-emulsion 
drops with an ultra-thin middle layer. The ultra-thin shell provides high degree of 
confinement of the core drops due to strong lubrication resistance along whole 
interfaces of the shell, making the double-emulsion drops highly stable. Therefore, by 
employing such double-emulsion drops as templates, we can readily produce 
microcapsules with ultra-thin membrane without rupture of the templates. In particular, 
the membranes can be perforated with regular nanopores, thereby providing selective 
permeability. To produce the perforated membrane, we have employed microphase 
separation of polymer blends or block-copolymers. Interaction parameter between 
polymers and their molecular weight determine the size of pore on the membrane; we 
can control the size of pores in a range of a few nanometers to hundred nanometers. 
The capsules with the tailored pores are potentially useful for controlled release of 
encapsulants, separation of catalytic reactions, and immunoisolation. 

COLL 452 

Microfluidic generation of all-aqueous emulsions 



Yang Song, Anderson Ho Cheung Shum, ashum@hku.hk.Department of Mechanical 
Engineering, University of Hong Kong, Hong Kong, Hong Kong Special Administrative 
Region of China 

Droplet-based microfluidics have enabled generation of oil-water-based emulsions of 
tunable size and structure. Besides their direct use, these emulsions also form excellent 
templates for functional particles, capsules and vesicles, which have demonstrated 
excellent potential for biomedical applications, such as encapsulation of biomolecules 
and cells. However, the use of oil-based solvents in the emulsion fabrication process 
necessitates tedious procedures for their complete removal before the resultant 
materials can be used in aqueous environments, for instance, in cell culture studies. To 
address this, all-aqueous emulsions, which are emulsions with dispersed and 
continuous phases of immiscible aqueous phases, have been proposed as an 
alternative. The different interfacial and rheological properties of these emulsion phases 
demand novel emulsion generation and stabilization strategies. In this talk, we will 
discuss various approaches for preparing all-aqueous emulsions in microfluidic devices 
and suggest ways to stabilize them. 

COLL 453 

Foam Structures Using Smectic Liquid Crystals Generated by Microfluidic Device 

Shuojia Shi1,2, sshi1@kent.edu, Hiroshi Yokoyama1,2.Â  (1) Department of Liquid 
Crystal Institute, Kent State University, Kent, OH 44242-0001, United StatesÂ  (2) 
Department of Chemical Physics Interdisciplinary Program, Kent State Univeristy, Kent, 
OH 44242-0001, United States 

Smectic foam is a dispersion of air bubbles in smectic liquid crystal host. The 
orientational order and the layer structures in smectic liquid crystal effectively stabilize 
foam structures up to a high air content. The wall separating air bubbles can be a few 
molecular layers thick. We developed T-shaped microfluidic devices that inject 15 
micron meter diameter air bubbles in the liquid crystal at a rate as high as 220ea/s. 



 

 
 
 
The stability of generated foam is strongly dependent on the phase of the liquid crystal 
host (isotopic<< nematic<smectic). Draining the host liquid crystal results in thinner 
walls and faceted 3D arrangement of air bubbles. We will report the results of 
observation of the structural evolution and the changes of optical, mechanical and 
thermal properties of the foam. The future application of the smectic foam will also be 
discussed. 

COLL 454 

Controllable Microfluidic Production of Multicomponent Multiple Emulsions for 
Engineering Multicompartment Materials 

Wei Wang, wangwei512@scu.edu.cn, Rui Xie, Xiao-Jie Ju, Tao Luo, Li Liu, Liang-Yin 
Chu.Department of Chemical Engineering, Sichuan University, Chengdu, Sichuan 
Province 610065, China 

A hierarchical and scalable microfluidic device constructed from a combination of three 
building blocks, which are a drop maker, a connector and a liquid extractor, has been 
developed for highly-controlled generation of multicomponent multiple emulsions. The 
number, ratio and size of droplets, each with distinct contents being independently co-
encapsulated in the same level, can be precisely controlled. Combinations of the 
building blocks enable scale-up of the device to create higher-order multicomponent 
multiple emulsions with exceptionally diverse structures. These multicomponent multiple 
emulsions offer a versatile and promising platform for precise encapsulation of 
incompatible actives for synergistic delivery and chemical reactions, and for engineering 
multicompartment materials with controlled internal phases. One of these applications is 
demonstrated by template synthesis of thermo-responsive multicompartment 
microcapsules from quadruple-component double emulsions, for co-encapsulation and 
controlled release of different lipophilic components. This approach brings a significant 



breakthrough for the fabrication and applications of controllable multicomponent multiple 
emulsions. 

COLL 455 

Stokes flow past a Janus droplet 

Sergey Shklyaev1,2, Andrey O. Ivantsov2, Ubaldo M. Cordova-Figueroa1, 
ubaldom.cordova@upr.edu.Â  (1) Department of Chemical Engineering, University of 
Puerto Rico, Mayaguez, PR 00681, Puerto RicoÂ  (2) Institute of Continuous Media 
Mechanics UB RAS, Perm, Russian Federation 

Creation by microfluidics of Janus droplets is a precise method to build identical blocks, 
which can then be used in the design of smart materials, sensors, and catalytic motors. 
However, most studies in this field are experimental, thus a theoretical analysis of 
simplest problems is needed. In this talk, we consider a Janus droplet—a compound 
drop composed of two hemispherical domains occupied by different fluids—in an 
external flow. The flow is assumed slow in order to neglect both nonlinear effects and 
deformation of the interfaces. Both analytical solution and numerical computations are 
performed. First, the conditions of Janus droplet creation are discussed. The shape of a 
compound droplet is calculated under the following conditions: the surface tension 
coefficients between each droplet fluid and the ambient are almost equal and larger 
than the surface tension at the internal interface. Under these conditions the droplet 
shape is close to the spherical with a flat interface; therefore the droplet comprises two 
hemispherical domains of different liquids. The motion of such a droplet is analyzed for 
two particular situations: (i) under uniform flow far from the droplet and (ii) rotation of the 
droplet under the fixed torque in a quiescent fluid. In case (i) the stable state is found: 
the droplet is oriented in such a way that the internal interface is perpendicular to the 
flow and the fluid at the upstream face is less viscous. The Stokes force is found; in 
most practically relevant cases it is larger than the Hadamard-Rybczynski force 
imposed onto the drop of the mean viscosity. The torque applied to the droplet beyond 
the equilibrium state is calculated. In combination with case (ii) this allows calculating 
the time the droplet needs to reach the equilibrium state. 

COLL 456 

Encapsulation of polystyrene colloidal particles within a pH sensitive capsule 
membrane using Microfluidic technique 

Alireza Abbaspourrad, Abaspour@seas.harvard.edu, David A Weitz.School of 
Engineering and Applied Sciences, Harvard University, Cambridge, MA 02138, United 
States 

We encapsulate surface modified colloidal polystyrene particles (1 µm) within a 
pH sensitive capsule membrane using microfluidic technique. The capsule 
membrane consists of a combination of a pH sensitive polymer and a crosslinked 



acrylic network. We use different ratio of pH sensitive polymer in the main matrix. 
Upon exposing pH sensitive capsules to pH gradient, the pH sensitive segments 
embedded within the main matrix are selectively removed and pores are formed 
at the membrane surface, subsequently the release of the polystyrene particles 
can be triggered upon pore formation. In addition, different ratio of pH sensitive 
polymer in main matrix results in stark contrast between the membrane structure. 
We observe a close pack arrangement of colloidal acrylate polymer within a pH 
sensitive polymer matrix at high ratios, while decreasing the ratio results in 
isolated pH sensitive segments within the main membrane.  

COLL 457 

Hydrodynamic cavitation: a bottom-up approach to liquid aeration 

Simeon D Stoyanov, simeon.stoyanov@unilever.com.SMPS, Unilever R&D, 
Vlaardingen, ZH 3133AT, The Netherlands 

We report the use of hydrodynamic cavitation as a novel, bottom-up method for 
continuous creation of foams comprising of air microbubbles in aqueous systems 
containing surface active ingredients, like proteins or particles. The hydrodynamic 
cavitation was created using a converging–diverging nozzle. The air bubble size 
obtained using this technique was found to be significantly smaller than that achieved 
using conventional mechanical entrapment of air via shearing or shaking routes, which 
are in essence top-down approaches. In addition, the technique provided the possibility 
of forming non-spherical bubbles due to the high elongational stresses experienced by 
the bubbles as they flow through the nozzle throat. We show that surface active agents 
with a high surface elasticity modulus can be used to stabilize the nascent air bubbles 
and keep their elongated shapes for prolonged periods of time. This combination of the 
cavitation process with appropriate surface active agents offers an opportunity for 
creating bubbles smaller than 10 microns, which can provide unique benefits in various 
applications. 

COLL 458 

Crystallinity and internal structure of photonic balls prepared by colloidal 
crystallization in the confinement of an emulsion droplet 

Nicolas Vogel, nvogel@seas.harvard.edu, Stefanie Utech, Mathias Kolle, David A 
Weitz, Joanna Aizenberg.School of Engineering and Applied Sciences, Harvard 
University, Cambridge, MA 02138, United States 

We apply microfluidics to prepare emulsions of an aqueous colloidal dispersion in a 
non-polar continuous phase. If the emulsion is heated, diffusion of water eventually 
leads to solidification of the colloidal dispersion that can form either amorphous, 
disordered solids or crystallize into ordered colloidal crystals with a spherical 
morphology, usually termed photonic balls. If crystalline in nature, these balls show 



structural color and can therefore be applied as dispersible coloration agents. We 
investigate the formation process with emphasis on the effects of the spherical 
confinement on the resulting structure for photonic balls consisting of direct opals and 
their inverse analogues prepared from co-assembly of polymer colloids in the presence 
of small silica particles. We furthermore resolve the internal structure by focused ion 
beam assisted sectioning of individual, micron-sized objects and correlate their internal 
structure with their optical properties on a single particle level. 

COLL 459 

Analysis of foam stability using microfluidic channels 

Kun Ma, Rachel Liontas, Charles Conn, Sibani Lisa Biswal, 
biswal@rice.edu.Department of Chemical and Biomolecular Engineering, Rice 
University, Houston, TX 77005, United States 

We utilize a microfluidic constriction to demonstrate two new mechanisms of in-situ 
foam generation in porous media. The initial foam is generated via a flow-focusing 
geometry with co-flowing gas and surfactant solution streams, and is then flowed 
through a microfluidic constriction. By varying the gas and surfactant solution flow rates, 
different types of monodisperse foam are generated, such that spanning the channel 
width are two bubbles (2-bubble foam), three bubbles (3-bubble foam), or more than 
three bubbles (> 3-bubble foam). It is expected that bubbles would snap-off when 
flowed through the constriction, but snap-off only occurs in our system under unstable 
conditions, when the foam is wet with a large bubble size. Instead, the following 
behaviors are observed as the stable foam passes through the constriction: no change, 
reorientation, and pinch-off via two newly observed mechanisms: neighbor-wall and 
neighbor-neighbor. Neighbor-wall pinch-off occurs as a bubble is pinched between the 
surfaces of a neighboring bubble and the curved wall of the constriction. 

COLL 460 

Microfluidic design of gel microparticles for drug delivery to the lungs 

Robert K Prud'homme, prudhomm@princeton.edu.Chemical and Biological 
Engineering, Princeton University, Princeton, NJ 08540, United States 

We are developing a passive targeting approach for drug delivery to the lungs via the 
venous blood stream. The lung receives the entire venous blood supply from the heart 
and passes it through the capillary beds on the alveoli. Large particles in the venous 
blood are thus trapped in these capillary beds. This filtering phenomenon can be used 
to selectively deliver particles to the lung. Such delivery methods have been safely 
employed in pulmonary perfusion diagnostic agents; however the use of this novel 
delivery route for chemotherapeutic drugs has not been appreciated or utilized by the 
drug delivery community. 



The key element of the delivery is precise control of the gel particle size and modulus. 
The gel microparticles are made by an emulsion process using microfluidics to create 
droplets of macromers and therapeutic nanoparticles. Polymerization of the 10-40 
micron droplet entraps the nanoparticles, but biodegradable lactides in the gel structure 
degrade in a controlled way to release the drugs. Issues in microfluidic production of 
highly loaded drops, polymerization, and characterization of gel proproperties of these 
microparticles will be discussed.. 

COLL 461 

Crystallization-driven self-assembly of elongated block copolymer micelles 

Mitchell A. Winnik1, mwinnik@chem.utoronto.ca, Gerald Guerin1, Jieshu Qian1, 
Anselina Chia1, Graeme Cambridge1, Ian Manners2.Â  (1) Department of Chemistry, 
University of Toronto, Toronto, ON M5S 3H6, CanadaÂ  (2) School of Chemistry, 
University of Bristol, Bristol, United Kingdom 

Elongated micelles with a semicrystalline core are different from traditional cylindrical 
surfactant or block copolymer micelles. They are stiff and often rod-like. Their growth is 
irreversible and, if properly nucleated, they can form micelles of controlled and uniform 
length. When subjected to shear, they fragment, and the fragments do not readily 
combine. The core typically has domains characterized by different degrees of 
crystallization. Segments of these micelles dissolve at different temperatures, reflecting 
the degree of crystal perfection in each segment. Thus the concept of a critical micelle 
temperature (CMT) or concentration (CMC) is no longer appropriate. My talk will 
describe these features for examples reported in the literature by other groups as well 
as several examples from our laboratory. 

COLL 462 

Polymerization-induced self-assembly 

Steven P Armes, s.p.armes@sheffield.ac.uk.Chemistry, University of Sheffield, 
Sheffield, Yorkshire S3 7HF, United Kingdom 

Methacrylic diblock copolymers are prepared using reversible addition-fragmentation 
chain transfer (RAFT) chemistry at 70oC using an aqueous dispersion polymerization 
formulation. The first block is water-soluble poly(glycerol monomethacrylate), whereas 
the second block comprises water-insoluble poly(2-hydroxypropyl methacrylate). As it 
grows, the latter block becomes increasingly hydrophobic, which drives in situ self-
assembly to form spherical nanoparticles of 25-100 nm diameter at 10% solids. 
Adjusting the copolymer curvature enables the morphology to be varied systematically 
from spheres to worms to vesicles. Phase diagrams are elucidated, which allows the 
reproducible synthesis of nanoparticles with predictable morphologies at up to 25% 
solids. If vesicles are targeted, the block copolymer morphology evolves from spheres 
to worms to vesicles during the polymerization. TEM studies reveal jelly-fish nano-



structures that provide mechanistic insights regarding the worm-to-vesicle transition. 
The worm phase leads to shear-thinning, free-standing gels at 20oC but degelation 
occurs on cooling to 5oC due to a reversible worm-to-sphere transition. 

COLL 463 

Reductive degradation of poly(ethylene oxide)-S-S-poly(ε-caprolactone) 
assemblies for drug and siRNA delivery 

Núria Sancho Oltra, nurias@seas.upenn.edu, Karthikan Rajagopal, Dennis E. 
Discher.Chemical and Biomolecular Engineering, University of Pennsylvania, 
Philadelphia, PA 19104, United States 

Worm-like micelles from amphiphilic diblock copolymers represent a very attractive 
structure for drug delivery due to both high drug loading per carrier and longer in vivo 
circulation times compared to spherical assemblies.[1,2] By introducing functionalities in 
the block copolymer responsive to disease environments the performance of such 
systems can be in principle enhanced. Here, we describe a diblock copolymer 
containing a disulfide group connecting both blocks of poly(ethylene oxide)-S-S-poly(ε-
caprolactone), or PEO-S-S-PCL which self-assembles into worm-like micelles and 
undergoes degradation under reducing conditions. Further applications of such 
assemblies would include the delivery of siRNA by incorporating an oligonucleotide-S-
S-PCL block copolymer in the assembly. The applicability of such a drug-delivery 
vehicle is significantly broadened by such responsive functionality. 

[1] D. A. Christian, S. Cai, O. B. Garbuzenko, T. Harada, A. L. Zajac, T. Minko, D. E. 
Discher, Mol. Pharm. 6: 1343-1352 (2009). 

[2] S.M. Loverde, M.L. Klein, D.E. Discher. Adv. Mat. 24: 3823-3830 (2012). 

 

 
 



COLL 464 

On the phase behavior of polymer micelles having semi-crystalline cores 

David E Nikles1, dnikles@mint.ua.edu, Amanda L Glover1, Jacqueline A Nikles2.Â  (1) 
Department of Chemistry, The University of Alabama, Tuscaloosa, Alabama 35487-
0336, United StatesÂ  (2) Department of Chemistry, University of Alabama at 
Birmingham, Birmingham, Alabama 35294-1240, United States 

Interest in the use of poly(ethylene glycol-b-caprolactone) diblock copolymers for 
thermally triggered drug delivery has led to this study of the phase behavior of polymer 
micelles made from these diblocks. In aqueous solutions at concentrations above the 
critical micelle concentration (CMC), the polymer molecules assemble into micelles. 
Melting endotherms were observed in the DSC of the micelle solutions, indicating the 
polycaprolactone core was semi-crystalline. The degree of crystallinity depended on the 
methods used to prepare the polymer micelles. Furthermore, the degree of crystallinity 
depended on the degree of polymerization for the polycaprolactone block. The CMC 
slightly increased with increasing temperature as expected due to entropic effects. At 
temperatures above the melting point of the polycaprolactone core, there was greater 
increase in the CMC with increasing temperature. Dynamic light scattering showed the 
hydrodynamic diameter was independent of temperature, confirming that the micelles 
remained intact when the polycaprolactone core had melted. 

COLL 465 

F108-templated formation of ultralarge-pore mesoporous silicas with spherical 
pores 

Yingyu Li1,2, yingyu.li@csi.cuny.edu, Michal Kruk1,2.Â  (1) Department of Chemistry, 
College of Staten Island, City University of New York, Staten Island, NY 10314, United 
StatesÂ  (2) Department of Chemistry, Graduate Center, City University of New York, 
New York, NY 10016, United States 

Ultralarge-pore mesoporous silicas with spherical pores were synthesized by adopting 
commercially available Pluronic F108 (PEO133PPO50PEO133) block copolymer 
surfactant as the template and using judiciously selected swelling agents. FDU-12 silica 
with face-centered cubic structure (Fm3m symmetry) and with unit-cell parameter up to 
~51 nm was obtained. Calcined silicas had unit-cell parameters up to ~48 nm and pore 
diameters up to ~22 nm. The pore size and pore accessibility was controlled by 
adjusting temperature of the hydrothermal treatment. Interestingly, hollow spherical 
particles were formed by decreasing the precursor/surfactant ratio. By controlling 
synthetic conditions, such as using different swelling agents, the size of uniform 
spherical particles can be tuned from 15 nm to 28 nm. 

COLL 466 



Hydrophobic Molecules Infiltrating into the PEG Domain of the Core/Shell 
Interface of a Polymeric Micelle 

Kazuo Sakurai1, sakurai@kitakyu-u.ac.jp, Yusuke Sanada1, Isamu Akiba1, Kouichi 
Shiraishi2, Masayuki Yokoyama2, Yuya Shinohara3, Yoshiyuki Amemiya3.Â  (1) 
Department of Chemistry and Biochemistry, University of Kitakyushu, Hibikino, 
Kitakyushu, Fukuoka 808-0135, JapanÂ  (2) Medical Engineering Laboratory, Research 
Center for Medical Science,, Jikei University School of Medicine, Tokyo, Tokyo 105-
8461, JapanÂ  (3) Department of Advanced Materials Science, Graduate School of 
Frontier Sciences,, The University of Tokyo, Kashiwanoha, Kashiwa, Chiba 277-8561, 
Japan 

The hydrophobic compound tetrabromocathecol (TBC) was chosen as a drug-
equivalent model molecule. The bromine atoms in TBC act as probes in anomalous 
small-angle X-ray scattering (ASAXS) allowing for its localization in the polymeric 
micelles whose shape and size were determined by normal small-angle X-ray scattering 
(SAXS). Light scattering measurements coupled with field flow fractionation were also 
carried out to determine the aggregation number of micelles. A core-corona spherical 
model was used to explain the shape of the micelles while the distribution of bromine 
atoms was explained with a rigid spherehard-sphere model. Interestingly, the radius of 
the spherical region populated with bromine atoms was larger than the one of the 
sphere corresponding to the hydrophobic core of the micelle. This result suggests that 
the TBC molecules infiltrate the PEG hydrophilic domain in the vicinity of the core/shell 
interface.  

 

 
 
 
Figure 1 . Schematic picture of the interface of the core, the red region represent the 
hydrophobic core, blue lines represent PEG chains, and orange polygons represent 



COLL 467 

Aqueous phase synthesis and characterization of mesoporous zirconia templated 
by block copolymer and their bioconjugate micelles 

Xunpei Liu1,2, xpliu@iastate.edu, Qinwen Ge2,3, German Parada1, Aditya Rawal2,4, 
Klaus Schmidt-Rohr2,4, Surya Mallapragada1,2.Â  (1) Department of Chemical and 
Biological Engineering, Iowa State University, Ames, IA 50011, United StatesÂ  (2) 
Ames Laboratory, Ames, IA 50011, United StatesÂ  (3) Department of Materials 
Science and Engineering, Iowa State University, Ames, IA 50011, United StatesÂ  (4) 
Department of Chemistry, Iowa State University, Ames, IA 50011, United States 

Mesoporous zirconia has attracted great research interest due to its unique properties 
such as high surface area, uniform pore size distribution, and large pore volume. Self-
assembled structures have been used as directing agents to synthesize mesoporous 
zirconia. Here, we investigate the use of self-assembling block copolymers conjugated 
to cationic biomolecule lysozyme, as well as self-assembling cationic block copolymers 
as templates for synthesis of mesoporous zirconia in completely aqueous media. The 
synthesis of mesoporous zirconia in completely aqueous media with biomolecules will 
open up opportunities for different mechanisms for controlling zirconia synthesis. The 
inorganic content of the nanocomposite was determined by TGA, while the structure 
and composition of the samples was characterized by XRD, nitrogen adsorption, TEM, 
SEM, SANS, and solid state NMR. The results showed that zirconia nanocrystals 
formed after calcination of the as-synthesized nanocomposite at 500 ˚C, and significant 
crystal growth was observed only after 900 ˚C calcination. The conjugate-templated 
zirconia showed a surface area of 174 m2/g after calcination at 500 ˚C, and retained its 
tetragonal structure even after calcining at 900 ˚C. The cationic pentablock copolymer-
templated zirconia showed a surface area of 191 m2/g, after calcination at 500 ˚C, and 
also demonstrated improved thermal stability. Several parameters such as pH, 
zirconium ion concentration, and calcination temperature were studied for the block 
copolymer-lysozyme conjugate template. We found that a more dilute precursor solution 
and high aging pH would lead to more thermally stable and smaller particles with higher 
surface area. The 500 ˚C calcinated zirconia with 0.08 M precursor had the highest 
surface area of 348 m2/g. 

COLL 468 

Micelles by Pluronic poly(ethylene oxide)-poly(propylene oxide) block 
copolymers: Model systems with many applications! 

Paschalis Alexandridis, palexand@buffalo.edu.Department of Chemical and 
Biological Engineering, University at Buffalo - The State University of New York, Buffalo, 
NY 14260-4200, United States 

Block copolymers of the poly(ethylene oxide)-poly(propylene oxide) (PEO-PPO) family, 
commercially available as Pluronics or Poloxamers, offer prime examples of self-



assembling systems that are being explored for diverse applications, ranging from drug 
delivery carriers to electrolytes for lithium batteries. The presentation will utilize research 
findings from our group and others to highlight (i) fundamental aspects of Pluronic block 
copolymer micellization in selective solvents [1-5], and (ii) applications of Pluronic 
micelles in solubilization [6], surface modification [7], colloidal dispersion [8], 
nanoparticle synthesis [9], and nanoparticle organization [10]. 

[1] Macromolecules (1994) DOI:10.1021/ma00087a009 

[2] Langmuir (1998) DOI:10.1021/la971117c 

[3] Macromolecules (2000) DOI:10.1021/ma000332o 

[4] Macromolecules (2004) DOI:10.1021/ma0206218 

[5] J.ColloidInterfaceSci. (2013) DOI:10.1016/j.jcis.2012.09.028 

[6] Macromolecules (1999) DOI:10.1021/ma990079w 

[7] Langmuir (2001) DOI:10.1021/la001305u 

[8] J.Phys.Chem.B (2002) DOI:10.1021/jp014221i 

[9] Chem.Eng.Technol. (2011) DOI:10.1002/ceat.201000335 

[10] Langmuir (2012) DOI:10.1021/la303568e 

COLL 469 

Membrane lipid composition regulates the conformation and activity of the 
antimicrobial peptide maculatin 1.1 

Marc-Antoine Sani, Thomas C Whitwell, Frances Separovic, 
fs@unimelb.edu.au.School of Chemistry, University of Melbourne, Melbourne, VIC 
3010, Australia 

Mastering the structure-activity relationship and specificity of antimicrobial peptides 
(AMP) against bacterial lipid membranes is required for the therapeutic development of 
membrane-active peptides. The affinity for a particular lipid composition is often 
assumed to be the regulative mechanism, but AMP often attack charged membranes 
mimicking the bacterial envelope almost as efficiently as neutral and cholesterol-
containing membranes mimicking eukaryotic cells. For instance, maculatin 1.1 is a 21 
residue cationic AMP secreted from the skin of Australian tree frogs that acts against 
Gram positive bacteria but also has appreciable haemolytic activity. The peptide 
secondary structure was determined by CD spectroscopy in unilamellar vesicles and 
oriented bilayers using a range of phospholipids and was strongly influenced by lipid 



chain length and saturation. Dye release experiments using binary lipid mixtures in a 
competitive environment were performed to determine the AMP mechanism and affinity 
towards a particular lipid composition. The results indicate that a distinct structure of 
maculatin 1.1 is not essential for lytic activity and support a pore mechanism which is 
regulated by the membrane lipid composition. 

COLL 470 

Re-orientation, dimerization and translocation of the membrane-bound 
antimicrobial peptide PGLa from microsecond all-atom MD simulations 

Jakob Ulmschneider1, Jakob@sjtu.edu.cn, Jeremy C Smith4, Martin B Ulmschneider3, 
Anne S Ulrich2, Erik Strandberg2.Â  (1) Institute of Natural Sciences, Shanghai Jiao 
Tong University, Shanghai, ChinaÂ  (2) Institute of Biological Interfaces (IBG-2), 
Karlsruhe Institute of Technology, Karlsruhe, GermanyÂ  (3) Department of Biophysics, 
University of London Birkbeck, London, United KingdomÂ  (4) Oak Ridge National 
Laboratory, Oak Ridge, TN, United States 

The membrane-active antimicrobial peptide PGLa from X. laevis is known from solid-
state 2H-, 15N- and 19F-NMR spectroscopy to occupy two distinct α-helical surface 
adsorbed states in membranes: a surface-bound S-state with a tilt angle of ~95° at low 
peptide-to-lipid molar ratio (P/L = 1:200), and an obliquely tilted T-state with a tilt angle 
of 127° at higher peptide concentration (P/L = 1:50). Tilt and azimuthal rotation angles 
calculated from µs-scale molecular dynamics simulations suggest that the S-state is 
monomeric, while the T-state consists of a stable antiparallel dimer. Assembly of 
multiple dimers into higher oligomeric aggregates, or the formation of pores, is not 
observed during long-scale simulations performed on the ANTON supercomputer at 
P/L=1:36. Instead we report the first computational description on the membrane 
translocation mechanism of a highly charged (+5) cationic peptide without the formation 
of multimeric pores. 

COLL 471 

Electrical response of lipid bilayers to the bee venom toxin melittin using 
electrochemical impedance spectroscopy 

Gregory Wiedman1, gwiedman@jhu.edu, Katherine Herman1, Peter Searson1, William 
Wimley2, Kalina Hristova1.Â  (1) Johns Hopkins University, Baltimore/Maryland, United 
StatesÂ  (2) Tulane University School of Medicine, New Orleans/Louisiana, United 
States 

Melittin is an interfacially active a-helix that causes membrane destabilization via a 
mechanism that is still disputed. While a transmembrane pore model has been a central 
part of the mechanistic dialogue for decades, there is growing evidence that a 
transmembrane pore is not required for melittin activity. In part, the controversy is due to 
limited experimental tools to probe the bilayer's response to melittin. Electrochemical 



impedance spectroscopy (EIS) is a technique that can reveal details of molecular 
mechanism of peptide activity, as it yields direct measurements of membrane resistance 
and capacitance of supported bilayers. In the work presented here, this technique was 
used to study the response of surface-supported bilayers of different lipid compositions 
to melittin. The EIS results directly demonstrate that the interfacial response of a bilayer 
to melittin cannot be explained by a simple transmembrane pore model. 

COLL 472 

Antimicrobial, cytolytic, and cell-penetrating peptides: Graded and all-or-none 
release, translocation, and mechanism in model membranes 

Paulo F. Almeida, almeidap@uncw.edu.Department of Chemistry and Biochemistry, 
University of North Carolina Wilmington, Wilmington, NC 28403, United States 

We tested the hypothesis that membrane-active peptides can translocate across the 
lipid bilayer if their Gibbs energy of insertion from the membrane interface is below a 
certain threshold, and that those peptides should induce graded release from vesicles. 
We found that all-or-none release indicates that peptides do not translocate, but graded 
release is not sufficient to conclude they translocate. For cell-penetrating peptide 
variants the Gibbs energy of transfer to the bilayer interior (transfer from water to bilayer 
interface and from the interface to the membrane interior) was a good indicator of 
activity and probably of translocation. But for cytolytic and antimicrobial peptides, the 
best indicator of activity is the Gibbs energy of binding, suggesting their mechanism 
does not involve translocation. Finally, the relation between dye release and 
translocation in GUVs was examined. It is consistent with the results in LUVs and with 
the hypothesis on the thermodynamic basis of translocation. 

COLL 473 

pH Dependant Electrostatic Interactions of Antimicrobial Peptides 

William F. Walkenhorst, walken@loyno.edu.Department of Chemistry, Loyola 
University New Orleans, New Orleans, LA 70118, United States 

We recently described a family of cationic antimicrobial peptides (cAMPs) selected from 
a combinatorial library that exhibited potent, broad spectrum activity at neutral pH and 
low ionic strength. To further delimit the utility and activity profiles of these peptides, we 
investigated the effects of solution conditions such as pH and ionic strength on the 
efficacy of the peptide antimicrobials against a panel of microorganisms. Peptide 
minimum sterilizing concentrations (MSC's) varied linearly with pH for each subtype 
within our family of cAMPs for all organisms tested. The peptides were much less 
effective against Gram negative bacteria at high pH, consistent with a decrease in net 
positive charge on the peptides. Surprisingly, the opposite pH trend was observed with 
the Gram positive Staphylococcus aureus. The novel species specific effects of pH 
observed here have important implications for the use of cAMPs in a clinical setting. 



COLL 474 

Pore formation in DMPC bilayers by antimicrobial peptide melittin: Mathematical 
model and comparison with experiments 

Lu Zhou, Xiaoyu Wu, Xi Wu, Ganesan Narsimhan, narsimha@purdue.edu.Agricultural 
and Biological Engineering, Purdue University, West Lafayette, IN 47907, United States 

Pore formation in DMPC bilayers by antimicrobial peptide melittin as monitored by 
leakage of fluorescent dyes (calcein, FD4 and FD20) of different molecular weights 
encapsulated within liposomes indicated a lagtime which was larger for smaller melittin 
liposome ratio and larger molecular weight of dye. Pore formation was also 
demonstrated through direct observation of dye leakage using confocal microscopy. 
Circular dichroism of melittin showed an increase in α helical conformation when 
exposed to liposome. Observed timelag for deactivation of listeria monocytogenesis by 
melittin as monitored by absorbance and plate count was found to be concentration 
dependent. A mathematical model for the prediction of time of pore formation was 
proposed accounting for (i) adsorption of melittin onto bilayer (ii) surface aggregation 
and (iii) energy barrier for formation of hydrophobic (barrel stave mechanism) or 
hydrophilic (toroidal mechanism) pores. Model predictions showed the mechanism for 
pore formation to be toroidal and agreed with experiments. 

COLL 475 

Structural changes and stability of oxidized lipid monolayers: Insight from 
atomistic molecular dynamics simulations 

Martina Roeselova, roesel@uochb.cas.cz.IOCB Institute, Prague, Czech Republic 

Lipid-containing surfactant films on ocean and lake surfaces as well as on aqueous 
atmospheric aerosols affect a wide range of important processes, from water 
evaporation and condensation to light scattering to heterogeneous chemistry. It is 
commonly assumed that atmospheric oxidation, leading to polar products, increases the 
hydrophilicity of lipid coatings and results in higher water uptake. Using molecular 
dynamics (MD) simulations, we studied Langmuir monolayers of phospholipids, fatty 
acids and long-chain alcohols to obtain atomistic level insight into the intermolecular 
interactions and structural characteristics as a function of surface density, and to study 
the changes triggered by oxidation. MD simulations reveal that structural changes in the 
monolayer depend on the spatial density of oxidized functional groups, and may include 
effects such as transient accumulation of volatile oxidation products or orientational 
reversal of oxidized chains. Implications for the hydrophilicity of oxidized lipid films will 
be discussed. 

COLL 476 



Total Internal Reflection Raman Spectroscopy of Organic Films at Solid-Water 
Interfaces 

David A Woods, Alexander P Dudgeon, Colin D Bain, 
c.d.bain@durham.ac.uk.Department of Chemistry, Durham University, Durham, United 
Kingdom 

Total internal reflection Raman spectroscopy exploits the limited penetration depth of an 
evanescent wave to probe thin films at buried interfaces with chemical selectivity. 
Current technology has a sensitivity limit of 1% of a monolayer, a time resolution of 1 s 
and the ability to discriminate at least three different chemical species even with heavily 
overlapped spectra. Examples will be presented for the adsorption of pure and mixed 
surfactant systems at the silica-water interface. The range of substrates can be 
extended by deposition of a thin film of the material of interest onto an optically 
transparent substrate. This approach will be illustrated by adsorption of surfactants onto 
cellulose from aqueous solutions. 

COLL 477 

Surface structure of polyethylenimine thin films as a function of relative humidity 
analyzed with vibrational sum frequency spectroscopy 

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

Reactive or self-decontaminating polymer materials that provide protection against 
chemical or biological weapons are of fervent interest to the Department of Defense. 
Polyethylenimines (PEI) have found broad use in current self-decontaminating platform 
technologies due to the high density of reactive amine groups. Furthermore, PEI 
materials are utilized in a wide array of additional applications, including gene 
transfection and chemical/biological sensing, that depend heavily upon the surface 
functionality and morphology of the materials. It is therefore critical to understand the 
surface-specific interactions occurring at the interface in order to systematically 
enhance the performance of future polymer-based self-decontaminating platform 
materials. To this end we utilize vibrational sum frequency generation spectroscopy 
(VSFG) to study the interfacial behavior of linear and branched polyethylenimine thin 
films as a function of their chemical environment. We observe the PEI film surface 
structure to be highly responsive to changes in relative humidity. 

COLL 478 

Air-aqueous interfaces, ion distributions, and lipid organization by vibrational 
sum frequency generation spectroscopy 

Heather C Allen, allen.697@osu.edu.Department of Chemistry and Biochemistry, Ohio 
State University, Columbus, OH 43210, United States 



Motivated by atmospheric aerosol chemistry of marine and urban regions, ocean 
surface chemistry, and vadose zone interfacial exchange/reactivity, monovalent and 
divalent cations and anions were investigated using phase sensitive sum frequency 
generation (PS-SFG) spectroscopy to understand the surface propensity and availability 
for reaction at water surfaces. Ion valency, polarizability, size, shape, and identity of the 
counterion are critical factors in considering ion organization at the air water interface. 
Phospholipids and fatty acids were also studied using both SFG and Brewster angle 
imaging. Head group differences, especially with regard to hydrogen bonding capability 
and extent, are discerning factors for surface organization and shape distinction at the 
water surface. 

COLL 479 

Molecular insight into the preferential adsorption of monovalent ions to selected 
polar surfaces: a vibrational sum frequency spectroscopy study. 

Eric Tyrode, tyrode@kth.se, Robert Corkery.Department of Chemistry, KTH Royal 
Institute of Technology, Stockholm, Sweden 

Vibrational Sum Frequency Spectroscopy (VSFS) has been used to study the 
preferential adsorption of a series of ions to charged and uncharged fatty acid 
monolayers. Ion enrichment is determined indirectly by targeting surface water 
vibrational modes. Interfacial water molecules are affected by the presence of ions in 
mainly two distinct ways. First, their hydrogen bond strength, coordination, and 
orientation are modified when locally participating in the ion hydration shells. Second, 
surface electric fields generated by non-monotonic ion profiles induce a preferential 
orientation of the water dipoles that may extend several molecular layers. VSFS proves 
to be highly sensitive to both such cases. Ions were classified depending on their 
propensity to adsorb to both interfaces which appear to follow the Hofmeister series. 

COLL 480 

The assembly of emulsion stabilizing molecular agents using vibrational sum 
frequency scattering spectroscopy 

Jennifer K Hensel, jennyh@uoregon.edu, Geraldine Richmond.Chemistry, University 
of Oregon, Eugene, Oregon 97403, United States 

Emulsions made up of oil/water mixtures are of universal importance in the food and 
cosmetic industries as well as water remediation technologies. Often what governs the 
properties of an emulsion is the molecular agent (i.e. polymers, surfactants, or 
nanoparticles), which stabilizes the interface between the oil and water phases. It is, 
therefore, necessary to understand how these molecular agents affect the molecular 
structure and hydrophobicity in stabilizing emulsions. This presentation will report our 
studies of nanoparticles and surfactants with emphasis on the disorder of alkyl chains 



by monitoring the C-H modes as a function of various parameters, such as pH and size 
using vibrational sum frequency scattering spectroscopy. 

COLL 481 

Effects of Molecular Size and Surface Hydrophobicity on Oligonucleotide 
Interfacial Dynamics 

Jon H Monserud, jmonseru@gmail.com, Dan K. Schwartz.Chemical and Biological 
Engineering, University of Colorado Boulder, Boulder, Colorado 80309, United States 

Single-molecule total internal reflection fluorescence microscopy was used to observe 
the dynamic behavior of (poly)-cytosine ssDNA (1-50 nucleotides long) at the interface 
between aqueous solution and hydrophilic (oligoethylene oxide-modified fused silica, 
OEG) and hydrophobic (octadecyltriethoxysilane-modified fused silica, OTES) solid 
surfaces. High throughput molecular tracking was used to determine >75,000 molecular 
trajectories for each molecular length, which were then used to calculate surface 
residence time and squared displacement (i.e. “step-size”) distributions. On hydrophilic 
OEG surfaces, the surface residence time increased systematically with ssDNA chain 
length, as expected due to increasing molecule-surface interactions. Interestingly, the 
residence time decreased with increasing ssDNA length on the hydrophobic OTES 
surface, particularly for longer chains. Similarly, the interfacial mobility of 
polynucleotides slowed with increasing chain length on OEG, but became faster on 
OTES. On OTES surfaces, the rates associated with desorption and surface diffusion 
exhibited the distinctive anomalous temperature dependence that is characteristic of 
hydrophobic interactions for short chain species but not for longer chains. These 
combined observations suggest that long oligonucleotides adopt conformations 
minimizing hydrophobic interactions. 

COLL 482 

Hydrophobically Modified Biopolymer as enhanced carrier for in situ groundwater 
remediation 

Rubo Zheng1, rzheng@tulane.edu, Jingjing Zhan1, Srinivasa R Raghavan2, Bhanukiran 
Sunkara1, Vijay T John1.Â  (1) Department of Chemical and Biomolecular Engineering, 
Tulane University, New Orleans, LA 70118, United StatesÂ  (2) Department of Chemical 
and Biomolecular Engineering, University of Maryland, College Park, MD 20742, United 
States 

Carbon submicrospheres as a carrier for nanoscale zerovalent iron particles are of 
much potential in the remediation of chlorinated compounds. Effective in situ 
groundwater remediation requires the successful delivery of these reactive systems 
through soil without aggregation. Here, we show that hydrophobically modified 
chitosan(HMC), with C12 alkyl groups stabilize carbon submicrospheres through 
hydropobic interactions. Detailed NMR characterizations indicate attachment of the alkyl 



groups onto the microspheres. The coating of the environmentally benign biopolymer 
therefore leads to suspension stability of these submicrospheres through electrostatic 
and steric repulsion. Compared with pristine chitosan and commonly used sodium 
carboxymethyl cellulose (CMC), HMC is more effective in stabilizing carbon 
submicrospheres, and this is even enhanced under normal groundwater iron strength 
condition. Our results indicate that this system has optimal transport characteristics in 
groundwater saturated sediments with carbon submicrospheres attachment efficiency of 
0.04 calculated from breakthrough data of capillary transport experiments. The 
fundamental concepts will be detailed in the talk. 

COLL 483 

Novel in situ techniques for studies of model catalysts 

Edvin Lundgren, edvin.lundgren@sljus.lu.se.Division of Synchrotron Radiation 
Research, Lund University, Lund, Sweden 

Motivated mainly by catalysis, gas-surface interaction between single crystal surfaces 
and molecules has been studied for decades. Most of these studies have been 
performed in well-controlled environments, and has been instrumental for the present 
day understanding of catalysis. We have in recent years explored the possibilities to 
perform experiments at conditions closer to those of a technical catalyst, in particular at 
increased pressures. In this contribution, results from catalytic CO oxidation over Pd 
and Rh single crystal surfaces using High Pressure X-ray Photo emission Spectroscopy 
(HPXPS), Planar Laser Induced Fluorescence (PLIF), and High Energy Surface X-Ray 
Diffraction (HESXRD) will be presented. 

Armed with structural knowledge from ultra-high vacuum experiments, the presence of 
adsorbed molecules and gas-phase induced structures can be identified, and related to 
changes in the reactivity and/or to reaction induced gas-flow limitations. The strength 
and weaknesses of the experimental techniques will be discussed. 

COLL 484 

In Situ Studies of Surface Chemical Reactions: From Simple Molecules to 
Porphyrins 

Hans-Peter Steinrück, steinrueck@chemie.uni-erlangen.de.Chemistry and Pharmacy, 
UniversitÃ¤t Erlangen-NÃ¼rnberg, Erlangen, Bavaria D-91058, Germany 

Chemical reactions on surfaces can be followed in detail using X-ray photoelectron 
spectros-copy (XPS or ESCA). From the binding energies of the adsorbate and 
substrate core levels, detailed information not only on the chemical composition, 
chemical state (e.g. oxidation state) and adsorption sites, but also on the vibronic final 
state in the photoemission process itself can be derived. In this presentation, two 
examples will be addressed. The first deals with the adsorption of saturated and 



unsaturated hydrocarbons on metal surfaces. From high resolution XP spectra, 
obtained at BESSY-II, detailed information on the adsorption, dissociation and the 
formation of new species, including graphene, can be derived. The vibrational fine 
structure of the XP spectra is analyzed in detail and can be used to identify various 
surface intermediates. The second example addresses the adsorption of metallo-
porphyrins on metal surfaces. In particular we will discuss the synthesis of 
metalloporphyrin monolayers by direct metalation of porphyrin monolayers. 

COLL 485 

Alkane activation by oxides doped with high-valence dopants 

Horia Metiu, metiu@chem.ucsb.edu.Department of Chemistry and Biochemistry, 
University of California, Santa Barbara, California 93106-9510, United States 

I will discuss catalysis by oxides that are substitutionally doped with cations whose 
valence is higher than that of the cations they replace in the host oxide. I will show 
examples of catalytic behavior for three situations. 1. The host oxide is irreducible and 
the valence of the dopant is not much higher than that of the cation in the host. 2. The 
host oxide is irreducible and the dopant has much higher valence. 3. The host oxide is 
reducible. In these situations, doping will activate the breaking of the C-H bond in an 
alkane but it will do this by different mechanisms. I will also discuss the stability of these 
systems and the difference between the cases when the host oxide is reducible or 
irreducible. 

COLL 486 

Applicationof Raman spectroscopy for in-situ studies of catalytic biomass 
conversion 

Taejin Kim3, Rajeev S Assary2, Christopher L Marshall3, Larry A Curtiss4, Peter C 
Stair1,3, pstair@northwestern.edu.Â  (1) Department of Chemistry, Northwestern 
University, Evanston, IL 60208, United StatesÂ  (2) Deparment of Chemical and 
Biological Engineering, Northwestern University, Evanston, IL 60208, United StatesÂ  
(3) Chemical Sciences and Engineering Division, Argonne National Laboratory, 
Argonne, Il 60439, United StatesÂ  (4) Materials Science Division, Argonne National 
Laboratory, Argonne, IL 60439, United States 

Raman spectroscopy is a powerful tool for the study of chemistry under reaction 
conditions. This is particularly true for the aqueous phase conversion of biomass 
components where water can interfere with other spectroscopic experiments based on 
infrared spectroscopy and NMR. This presentation will describe recent combined 
experimental and computational studies applied to the interpretation of Raman spectra 
from complex molecules and to the catalytic conversion of furfural alcohol an important 
biomass intermediate. 



COLL 487 

Oxidative dehydrogenation of ethane on supported chloride catalysts 

Johannes Lercher1,2, johanneslercher@mytum.de, Christian Gärtner1, Andre van 
Veen1.Â  (1) Department of Chemistry, Technische UniversitÃ¤t MÃ¼nchen, Garching, 
GermanyÂ  (2) Institute for Integrated Catalysis, Pacific Northwest National Laboratory, 
Richland, WA 99352, United States 

A selective route from ethane to ethene is an important goal to improve the carbon 
footprint of this large volume chemical. The new catalyst system reported comprises of 
a solid redox-active oxide core and a 2 - 5 nm thick molten alkali chloride overlayer. The 
alkali chloride overlayer is able to dissolve molecular oxygen. At the solid liquid interface 
O2 is dissociated and converted to an active species, which oxidizes ethane at the 
surface of the molten chloride. Steady state and transient kinetics together with isotope 
labeling show that the activation of O2 is rate determining and proceeds via a Mars-van 
Krevelen type mechanism. A small concentration of active species, presumably 
hypochlorite anions, at the liquid-gas interface catalyzes the dehydrogenation of ethane. 
The lecture discusses the catalyst physicochemical properties, the elementary steps for 
the reaction as well as chances and limitations of the new approach. 

COLL 488 

Enticing features of oxides and sulfides: Reactivity, selectivity and other 
functionalities 

Talat S Rahman, Talat.Rahman@ucf.edu.Department of Physics, University of Central 
Florida, Orlando, FL 32820, United States 

Oxide surfaces serve as catalysts either directly or as support for nanoparticles, leading 
to questions about the role of interface atoms, charge transfer and oxygen vacancies. 
Motivated by experimental results of high CO oxidation rate on Cu2O nanoparticles [1], 
and selectivity in NH3 oxidation on RuO2(110) [2], I will present results from density 
functional theoryand kinetic Monte Carlo simulation of the rates of these reactions on 
respective surfaces. Conclusions will be drawn about features of the surface electronic 
structure and local environment that may hinder or facilitate a particular reaction. Since 
reactions may leave oxygen vacancies in the surface, I will address the question of 
healing of the surface (Cu2O). For NH3 oxidation on RuO2(110), I will elaborate on 
conditions which may hinder the experimentally observed selectivity of reaction 
products [3]. I will turn also to recent findings of the novel properties of single and 
bilayer of MoS2, particularly on features in the local environment that may lead to 
notable reactivity of this 2D material. 

1. B. White, et al., Nano Letters 6, 2095 (2006). 
2. Y. Wang, et al., J. Phys. Chem. B 109 , 7883 (2005). 



3. S. Hong, A. Karim, T. S. Rahman, K. Jacobi, G. Ertl, J. Catalysis 276 , 371 
(2010). 

COLL 489 

Surface Spectroscopy and Microscopy of Catalytic Reactions 

Karin Föttinger, Christian Weilach, Yuri Suchorski, Günther Rupprechter, 
grupp@imc.tuwien.ac.at.Institute of Materials Chemistry, Vienna University of 
Technology, Vienna, Vienna 1060, Austria 

The performance of heterogeneous catalysts frequently depends on the details of 
catalyst synthesis, activation and operation. However, in many cases the exact origin of 
such effects is unknown. The combination of ultrahigh vacuum grown model catalysts 
with in situ surface analytical methods, that can operate while the catalyst is functioning, 
may provide definite answers. In this contribution it is shown how surface spectroscopy 
[1], e.g. by polarization modulation IR spectroscopy or synchrotron based XPS, and 
surface microscopy by PEEM [2] can be applied to explain the selectivity of alloy 
catalysts and to monitor the locally-resolved reaction kinetics on polycrystalline 
surfaces. The model studies are contrasted to corresponding studies of technological 
catalysts. 

[1] Ch. Rameshan, W. Stadlmayr, Ch. Weilach, S. Penner, H. Lorenz, M. Hävecker,  
R. Blume, T. Rocha, D. Teschner, A. Knop-Gericke, R. Schlögl, N. Memmel,  
D. Zemlyanov, G. Rupprechter, B. Klötzer, Angewandte Chemie International Edition,  
49 (2010) 3224-3227. 

[2] D. Vogel, Ch. Spiel, Y. Suchorski, A. Trinchero, R. Schlögl, Henrik Grönbeck,  
G. Rupprechter, Angewandte Chemie International Edition, 51 (2012) 10041–10044. 

COLL 490 

Bonding of ammonia and its dehydrogenated fragments on Ru(0001) 

Miquel B Salmeron1, mbsalmeron@lbl.gov, Jorge Cerda2, Sabine Maier3, Ingeborg 
Stass4.Â  (1) Materials Science,, Lawrence Berkeley National Laboratory, Berkeley, CA 
94720, United StatesÂ  (2) Instituto de Ciencia de Materiales, CSIC, Madrid, SpainÂ  (3) 
Department of Physics, University of Erlangen-NÃ¼rnberg, Erlangen, GermanyÂ  (4) 
Institut fÃ¼r Experimental Physik, Freie UniversitÃ¤t Berlin, Berlin, Germany 

The catalytic decomposition of ammonia has attracted attention due to its high hydrogen 
storage capacity and the possibility to produce hydrogen without toxic or greenhouse 
gases as byproducts, making ammonia a potential candidate for fuel cells. The 
dehydrogenation reaction is thermally activated and thus requires heating or energy 
input. Ruthenium is one of the most active catalysts and has been the objective of many 
experimental and theoretical efforts to calculate dissociation and hydrogenation 



mechanisms. In spite of this there is still no consensus on the adsorption sites and 
geometries of intermediate species, including NH2 and NH. In this presentation we 
report scanning tunneling microscopy experiments and density functional theory 
calculations that unambiguously establish the adsorption sites and the dissociation 
pathways of ammonia on Ru(0001). All the N-H bond cleavage reactions were induced 
by controlled tip manipulation to produce each of the NHx (x=0-2) intermediates. 

COLL 491 

Field-directed observation of membrane dynamics using supported lipid bilayers 

Jinghui Wang, Laura Segatori, Sibani Lisa Biswal, biswal@rice.edu.Chemical and 
Biomolecular Engineering, Rice University, Houston, TX 77005, United States 

Artificial models of cell membrane attracts increasing attention because they can be 
used to study the interactions between a lipid bilayer, the protective envelope of cell 
membrane, and other small molecules involved in a variety of cellular processes, such 
as antimicrobial peptides and phospholipase enzyme. Two artificial models have been 
studied: supported lipid bilayers (SLBs) and giant unilamellar vesicles (GUVs), which 
are formed through vesicle fusion and electroformation, respectively. 

Antimicrobial peptides are involved in the defense system for most of organisms, 
including humans. These peptides attach onto cell surfaces, and further insert into the 
membrane, either forming pores or accumulating like a carpet, both of which will cause 
the cell death. Thus antimicrobial peptides have therapeutic potential as new antibiotics 
for bacteria that are resistant to common antibiotics. In this study, alamethicin is chosen, 
because it follows a typical barrel-stave model. Our QCM data shows that the SLBs can 
be disrupted by alamethicin at 50uM. This disruption is confirmed by confocal 
microscope using fluorescent lipids. To better understand the interaction between 
alamethicin and lipid bilayer, we use microfluidic devices to monitor the interaction 
between alamethicin and bilayer. 

COLL 492 

Coupled phase transition phenomena in lipid bilayer membrane systems 

Mikko Haataja, mhaataja@princeton.edu.Department of Mechanical and Aerospace 
Engineering, Princeton University, Princeton, NJ 08544, United States 

Lipid bilayer membrane systems represent an interesting and important class of soft 
materials, ranging from supported membranes (in contact with an aqueous solvent) to 
synthetic vesicles (enveloping homogeneous or heterogeneous liquid phases) to living 
cells. Due to their structure, the leaflets comprising the bilayer membrane are strongly 
coupled to their environments and susceptible to thermo-mechanical perturbations. This 
coupling results in several related intriguing phenomena, such as registration of 
compositional lipid domains across the two bilayer leaflets in supported membranes or 



vesicles, effect of solvent hydrodynamics on critical and coarsening behavior of bilayer 
membranes, spatial correlation of compositional lipid membrane domains with co-
existing bulk phases in giant vesicles, and the formation of dynamic liquid-like protein 
aggregates within the bulk cytoplasm and their interaction with membrane proteins. 

In this talk, I will provide an overview of our on-going studies of coupled phase transition 
phenomena in lipid membrane systems. In particular, I will discuss the dynamics of 
compositional lipid domains within symmetric leaflets, and their interaction with an 
aqueous bulk phase which itself may undergo a demixing transition. 

COLL 493 

Diffusion of proteins and other objects in lipid bilayer membranes 

Frank Brown, flbrown@chem.ucsb.edu.Department of Chemistry and Biochemistry, 
University of California, Santa Barbara, CA 93106, United States 

We present a numerical scheme to predict the diffusion coefficients of arbitrarily shaped 
objects embedded in lipid bilayer membranes. 

COLL 494 

Predictions for Cholesterol Interaction Sites on the A2A Adenosine Receptor 

Edward Lyman, elyman@udel.edu, Ji Young Lee.Department of Physics and 
Astronomy; Department of Chemistry and Biochemistry, University of Delaware, 
Newark, DE 19716, United States 

Molecular dynamics simulations of the A2A adenosine receptor totaling 1.4 μsec show 
clear evidence for specific sites mediating interactions between adenosine-bound A2A 
and cholesterol. The strongest evidence is for three binding sites. Two are in the 
extracellular leaflet, with one site interacting with helices VII and I, and the other with 
helices II and III. One site is located in the intracellular leaflet, interacting with helices III 
and IV. One of our three predicted binding sites is confirmed by a just-published high 
resolution structure of A2A cocrystallized with an antagonist. [Lee, JY and Lyman, E J. 
Am. Chem. Soc. 134:16512(2012)] 

COLL 495 

Supported lipid membranes on graphene oxide and reduced graphene oxide: 
Effect of the degree of reduction 

Ryugo Tero1, tero@eiiris.tut.ac.jp, Mat-Nor B. Muazam-Shah2, Yoshiaki Okamoto2, 
Seiji Iwasa2, Adarsh Sandhu1,3.Â  (1) Electronics-Inspired Interdisciplinary Research 
Institute, Toyohashi University of Technology, Toyohashi, Aichi 441-8580, JapanÂ  (2) 
Department of Environmental and Life Sciences, Toyohashi University of Technology, 



Toyohashi, Aichi 441-8580, JapanÂ  (3) Department of Electrical and Electronic 
Engineering, Toyohashi University of Technology, Toyohashi, Aichi 441-8580, Japan 

Artificial lipid membranes on graphene and its derivatives are attractive sensing platform 
for biomembranes by applying unique graphene-based techniques such as 
fluorescence quenching assay and solution-gated FET. We describe the fabrication of 
planar lipid membranes on graphene oxide (GO) and reduced GO (r-GO) by the vesicle 
fusion method, and the effect of the degree of the reduction. The GO flakes deposited 
on SiO2/Si substrates were reduced with the vapor of hydrazine monohydrate. XPS 
spectra showed that oxygen components decreased with the reduction time and 
temperature. The vesicle fusion of zwitterionic dioleoylphosphatidylcholine on GO and r-
GO resulted in the formation of double lipid bilayers, single bilayer, adhesive vesicles, 
monolayer, and bilayer/monolayer stacking structures depending of the reduction 
degree of r-GO. We also describe the results of fluorescence recovery after 
photobleaching (FRAP) and single fluorescence molecule tracking of the lipid bilayers 
on GO to evaluate the membrane fluidity. 

COLL 496 

Bilayer Asymmetry, Cholesterol Content, and Ligand Binding Influence 
Membrane Protein Sequestering in Raft-Mimicking Lipid Mixtures 

Noor F Hussain1, Yifan Ge1, Amanda P Siegel1, Rainer Jordan2, Christoph A 
Naumann1, canauman@iupui.edu.Â  (1) Chemistry and Chemical Biology, Indiana 
University-Purdue University Indianapolis, Indianapolis, --- Select One --- 46202-3274, 
United StatesÂ  (2) Chemie, TU Dresden, Dresden, Germany 

Lipid heterogeneities play an important role in the distribution and functionality of 
membrane proteins in the plasma membrane. At the cellular level, the analysis of this 
functional relationship is complicated, due to the small size and transient character of 
such heterogeneities. Therefore, we explore the biophysical mechanisms of protein 
sequestering using a model membrane platform with micron-size raft-mimicking phase 
separations. By applying single molecule-sensitive confocal fluorescence intensity 
analysis combined with a photon counting histogram method, we show that bilayer 
asymmetry, cholesterol content, and ligand binding have a significant influence on the 
sequestering of integrins. The observed changes in integrin sequestering can be 
attributed to differences in lipid packing and hydrophobic matching, as well as ligand-
induced conformational changes affecting protein-lipid interactions. The regulatory role 
of ligands in membrane protein sequestering is also demonstrated on GPI-anchored 
urokinase receptors (uPAR). Here ligand-mediated changes in uPAR sequestering are 
associated with different receptor dimerization levels. 

COLL 497 

Sphere-plane nanogap structures for enhancement of Raman scattering and 
photocurrent generation on a chemically modified electrode 



Katsuyoshi Ikeda1,2, kikeda@pchem.sci.hokudai.ac.jp, Kohei Uosaki1,3.Â  (1) 
Department of chemistry, Hokkaido University, Sapporo, Hokkaido 060-0810, JapanÂ  
(2) PRESTO, JST, JapanÂ  (3) WPI-NAMA, NIMS, Japan 

Various electrochemical functions are realized by surface modification of an electrode 
with functional molecules. Here, we demonstrate that sphere-plane nanogap metal 
structures can function as optical antennas on a chemically modified electrode; both 
Raman scattering and photo-induced electron transfers are significantly enhanced on 
atomically defined single crystalline metal electrodes covered with self-assembled 
monolayers. 

K. Ikeda, K. Uosaki, et al., J. Phys. Chem. C, 116, 20806. (2012) / Angew. Chem. Int. 
Ed. 50, 1280 (2011) / Nano Lett. 11, 1716 (2011) / Chem. Phys. Lett. 460, 205 (2008). 

 

 
 

COLL 498 

Metallic nanostructures with tunable plasmonic properties 

Yadong Yin, yadongy@ucr.edu.Chemistry, University of California, Riverside, CA 
92521, United States 

This presentation will be focused on our recent progress in the fabrication of metallic 
nanostructures with tunable plasmonic properties by using colloidal synthesis and self-
assembly methods. We will first discuss the tailored synthesis and shape evolution 
studies of plate-like silver nanostructures, with particular emphasis on a unified set of 
colloidal approaches for the synthesis of silver nanoplates with well-controlled size and 
shape, high stability, and tunable surface plasmon band from ~400 nm to IR. Second, 
we will discuss the tuning of the optical properties of metallic nanostructures through 
manipulating the surface plasmon coupling using a number of self-assembly 
approaches. In particular, the self-assembly of charged gold nanoparticles into linear 
chain structures in solution enables a class of dynamically tunable plasmonic structures. 

COLL 499 

Hybrid Ag – TiO2 films for surface plasmon enhanced optical absorption and 
photochemical reactivity 



Micha Asscher, micha.asscher@mail.huji.ac.il.Chemistry, The Hebrew University of 
Jerusalem, Jerusalem, Israel 91904, Israel 

The growth mechanism of hybrid Ag-TiO2 films and their morphology and properties are 
reported using Reactive Layer Assisted Deposition (RLAD) method under ultra high 
vacuum conditions. The oxide film formation involves Ti atoms deposition on top of 
amorphous solid water (ASW) condensed on a SiO2/Si(100) support at 90K. 
Subsequent annealing leads to desorption of all non-reacted buffer molecules, resulting 
in deposition of the titanium oxide film. Employing mass spectrometry and using D2O as 
buffer, evolution of deuterium molecules has been detected during titanium atoms 
deposition. A solid state sol-gel-like formation mechanism of titanium oxide is proposed 
based on these observations. The morphology of the oxide films is characterized by 
AFM as a rather uniform amorphous thin film at room temperature. Upon annealing 
above 750K, crystallization of the titanium oxide film has set-in coinciding with a 
dewetting process of the oxide layer, information obtained from similar growth 
procedure on amorphous carbon covered TEM grid. Silver nano-crystals grown via 
ASW as buffer layer were embedded within the titanium oxide layers to form a hybrid 
metal-oxide film. Enhancement of optical absorption in the visible region due to surface 
plasmon resonance of the silver particles is reported. The photochemical activity of this 
hybrid system and its sensitivity to the silver particles size and the number of alternate 
Ag-TiOx layers will be discussed. 

COLL 500 

New synthetic approaches to gold and silver nanostructures with enhanced 
properties 

Hong Yang, hy66@illinois.edu.Department of Chemical and Biomolecular Engineering, 
University of Illinois at Urbana-Champaign, Urbana, IL 61801, United States 

Gold and silver nanostructures are appealing to many researchers in part because of 
their optical and catalytic applications. While numerous methods for making 
nanoparticles of these two metals have been developed over the years, there are plenty 
room for the further development of new synthetic approaches or those methods 
resulting in nanostructures with new properties. In this presentation, I present results 
from my group on 1) a new solution phase approach where the reaction can be self-
regulated, and 2) new structures that possess much enhanced catalytic, mechanical 
and optical properties. I will present evidence that the enhanced performance is closely 
related to the compositions and structures of gold or silver nanocrystals created. 

COLL 501 

Improved light-harvesting in organic solar cells with plasmonic nanoparticles in 
the active layer 



Dennis P. Butcher1, dennis.butcher.ctr@wpafb.af.mil, Chun-wan Yen1, Michael 
Durstock1, Christopher Tabor1, Robert C. Wadams2, Laura Fabris2.Â  (1) Air Force 
Research Laboratory, Wright-Patterson AFB, OH 45433, United StatesÂ  (2) Materials 
Science and Engineering, Rutgers University, Piscataway, NJ 08854, United States 

We report on progress toward increased light-harvesting ability in P3HT/PCBM bulk 
heterojunction solar cells as a result of incorporating polystyrene-coated Au 
nanoparticles into the device active layer. Improvements in power conversion efficiency 
approaching 30% are observed. We describe efforts to deconvolute the major potential 
pathways for increased power conversion efficiency, including light scattering (LS), 
localized surface plasmon resonance (LSPR), crystallinity and morphology changes.  

 
 

COLL 502 

Gold nanomolecules: Gold nanoparticles of molecular definition and size 
dependent optical properties 

Amala Dass, amal@olemiss.edu.Department of Chemistry and Biochemistry, 
University of Mississippi, Oxford, MS 38677, United States 

Gold Nanomolecules - molecular gold nanoparticles (<3nm) with a precise number of 
gold atoms and thiolate ligands - are superstable (air, moisture, temperature 100°C), 
possess size dependent electronic, electrochemical, chiralproperties and can be scaled 
up in large quantities.Typical examples of nanomolecules include, Au25(SR)18, 
Au38(SR)24, Au40(SR)24, Au68(SR)34, Au102(SR)44, Au144(SR)60 and Au~300(SR)~90, 
where SR is an organic thiolate ligand. 

The synthesis, characterization and size dependent optical properties will be discussed. 



COLL 503 

Organic bulk heterojunction photovoltaic devices incorporating 2D arrays of 
cuboidal silver nanoparticles: Plasmon enhanced performance 

Kwati Leonard1, kwati@mail.cstm.kyushu-u.ac.jp, Yukina Takahashi1, Jing You1, 
Hiroaki Yonemura1, Junichi Kurawaki2, Sunao Yamada1.Â  (1) Department of Materials 
Sciences and Engineering, School of Engineering, Kyushu University, Fukuoka, 
Fukuoka 819-0395, JapanÂ  (2) Department of Chemistry and Bio science, Graduate 
School of Science and Engineering, Kagoshima University, Kagoshima, kagoshima 
890-0065, Japan 

Photocurrent generation and enhancement by nanoparticles are known to be affected 
by size, shape, and proximity of neighboring nanoparticles We assess how plasmonic 
effects from arrays of cuboidal silver nanoparticles and spheres influence the 
photocurrent performance of polymer photovoltaic devices incorporating a blend of poly 
(3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) as 
active layer. Nanoparticles were assembled on either tin-oxide (ITO)-coated and silicon 
glass using the Langmuir Blodgett (LB) technique at different coverage density forming 
2D ordered arrays. Our results demonstrate that for solar cell structures with 11.9, % 
surface coverage, Incident photon-to-photocurrent conversion efficiency (IPCE) is 
increased by 20 % (from 50% to 70%) whereas efficiency (η) is increased by 24 % from 
the reference device. Exciton-plasmon interactions through photoluminescence and 
absorption measurements of the thin-films as a function of particle density and the 
proximity of neighboring particle are also highlighted 

COLL 504 

Light harvesting and electron transport improvements with nanowire arrays 
incorporated in photovoltaic devices 

Scott W Gordon1, swgordon@uno.edu, Matthew A Tarr1, Rahmatollah Eskandari2, 
Leszek Malkinski2.Â  (1) Department of Chemistry and Advanced Materials Research 
Institute, University of New Orleans, New Orleans, Louisiana 70148, United StatesÂ  (2) 
Department of Physics and Advanced Materials Research Institiute, University of New 
Orleans, New Orleans, Louisiana 70148, United States 

Nanoarchitectures may be the key to increasing power conversion efficiencies in 
photovoltaic devices due to optical and electron transport enhancements. Metal 
nanowire arrays not only aid in electron transport and photon confinement, but surface 
plasmon resonance may also increase the light harvesting efficiencies of photovoltaic 
devices. Template assisted electrochemically grown gold nanowire arrays were 
incorporated into inverted organic photovoltaic (OPV) devices as high workfunction 
electrodes. The well aligned radial structures increased the interfacial surface area and 
decreased the pathlength of excitons in the bulk-heterojunction matrix, thus allowing for 
thicker devices to be fabricated. Thicker devices are advantageous due to a greater 



light harvesting efficiency. Photovoltaic efficiency, electron transport, and optical 
behavior of these devices will be reported. 

COLL 505 

Silver and silver-gold bimetallic nanoparticles with various shape, size and 
surface chemistry: Synthesis, optical and antibacterial properties 

Qingbo Zhang1, qz5@rice.edu, Zongming Xiu2, Pedro J. Alvarez2, Vicki L. Colvin1.Â  
(1) Department of Chemistry, Rice University, Houston, TX 77005, United StatesÂ  (2) 
Department of Civil and Environmental Engineering, Rice University, Houston, TX 
77005, United States 

Silver and gold-silver bimetallic nanoparticles find extensive applications in a wide range 
of areas due to many of their unique properties. The properties of these nanoparticles 
are highly dependent on the particle attributes like shape, size, aspect ratio, surface 
chemistry, etc. It is important to understand the relationship between particle property 
and their attributes in order to design the nanostructures with optimum performance for 
many of the applications. We synthesized a library of monodisperse silver and silver-
gold bimetallic nanoparticles with independent adjustable shape, size and surface 
chemistry. The optical and antibacterial properties of these particles are investigated. 
The systematical study of the relationship between nanoparticle property and structure 
paves the way to nanomaterials by design. 

COLL 506 

Cellular Backpacks based on Stimuli-Responsive Multilayers 

Michael Rubner, rubner@mit.edu.Materials Science and Engineering, MIT, Cambridge, 
Mass 02139, United States 

Cellular Backpacks are nanoscale thick, cargo carrying assemblies that can be attached 
to a living cell to provide additional function and capability. When synthetic backpacks 
are attached to immune system cells such as T-cells and phagocytes, the desired cargo 
is a therapeutic drug that can be released on demand after the cell reaches the disease 
site of interest. In this talk, strategies for attaching cellular backpacks based on 
polyelectrolyte multilayers will be discussed including schemes for the covalent 
attachment of backpacks to living cells. The use of stimuli-response polymers for both 
fabricating backpacks and on-demand release of drugs from backpacks will be 
described. In the former case, a detailed characterization of stimuli-responsive 
hydrogen-bonded multilayers by techniques such as depth profiling XPS will be 
presented along with suitable design requirements for their use in the fabrication 
process. 

COLL 507 



Remote activation of photochemical processes in live cells using colloidal near-
infrared-to-ultraviolet nano up-converters 

Paras N. Prasad, pnprasad@buffalo.edu, Guanying Chen.Institute for Lasers, 
Photonics, and Biophotonics, University at Buffalo, State University of New York, 
Buffalo, New York 14260-3000, United States 

Near infrared light can penetrate deep into biological tissue, which, therefore, holds 
promise for remote activation of some particular processes that is far below the skin.1 
However, light-mediated photochemical reactions generally require the use of ultraviolet 
(UV) or visible light to be initialized. Photon upconversion in rare-earth ions is a step-
wise multiphoton process that can efficiently convert two or more NIR photons to 
produce anti-Stokes emission of a higher energy photon (e.g., NIR, visible, UV) using 
an inexpensive, low power continuous-wave (cw) diode laser excitation.1,2 Using 
colloidal nanochemistry to nanocontrol of the interfacial processes and excitation 
dynamics, we show that we are able to produce efficient and selective, visible and UV 
upconversion emissions in especially engineered upconversion nanoparticles. In 
particular, utilizing NIR-to-UV upconversion nanoparticles as a UV “nanolamp”, we are 
able to activate non-fluorescent caged fluorescein to a fluorescent state inside live cells, 
displaying their applicability for remote biocompatible photoactivation. 

Keywords : Photon Upconversion, Remote Activation, Near Infrared 

1P. N. Prasad, “Introduction to Nanomedcine and Nanobioengineering”, Wiley, New 
Jersey (2012) 

2P. N. Prasad, “Nanophotonics”, Wiley, New Jersey (2004) 

COLL 508 

Remote controling of micron sized polyelectrolyte capsules 

Gleb Sukhorukov, g.sukhorukov@qmul.ac.uk.School of Engineering and Materials 
Science, Queen Mary University of London, London, United Kingdom 

Polyelectrolyte multilayer capsules represent a unique tool to fabricate micron and 
submicron sized delivery system with externally guided properties using remote physical 
stimuli such as light, magnetic field and/or ultrasound. Versatile approach to multilayer 
assembly involving embedding nanoparticles and other functional layer constituents 
makes possible the fabrication of interactive nano-engineered systems (carriers) based 
on designed assembly of nanostructured materials and enable to remote controlled 
delivery of substances of chemical and biological importance and interrogation to the 
environment while these capsules are delivered. These systems are aimed to navigate, 
activate the release of biologically active molecules and to report about local 
environment based on optical, ultrasound, radiofrequency and magnetic addressing, 
signalling and imaging. Optical and magnetic addressing and interrogation of capsules 



has been illustrated on cell culture level. Perspectives and anticipated obstacles of 
remote controlling microcapsules delivery and activation are under discussion. 

COLL 509 

Photoactivatable estradiol-tethered surfaces for the study of estrogen non-
genomic signaling pathways 

Francoise M Winnik2, francoise.winnik@umontreal.ca, Baowen Qi1, Yoshihisa 
Shimizu2, Jun Nakanishi2.Â  (1) Faculty of Pharmacy, university of Montreal, Montreal, 
QC H3C 3J7, CanadaÂ  (2) WPI-Center for Materials Nanoarchitectonics, National 
Institute for Materials Sciences, Tsukuba, Ibaraki 305-0044, Japan 

In addition to its role in the regulation of sex-related processes through gene 
transcription, 17β-estradiol (E2) also activates estrogen receptors on the plasma 
membranes to elicit non-nuclear signaling. Approaches have been developed to 
distinguish experimentally non-genomic pathways from genomic ones, but the 
mechanism of the interactions between E2 and estrogen receptors on the plasma 
membrane remains unclear. We designed photoactivable estradiol-tethered surfaces to 
monitor spatial and temporal aspects of the E2 non-genomic signaling. A 
micropatterned glass substrate with 2-μm gold spots was prepared by photolithographic 
techniques. The gold regions were functionalized with E2 and a photocleavable 
poly(ethylene glycol) (PEG), whereas the glass area was functionalized with the cell-
adhesive cRGD peptide via a PEG-silane. This surface design permits E2 to become 
accessible only after photocleavage of the bulky PEG chains. The feasibility of this 
photoactivation strategy was studied by X-ray photoelectron spectroscopy and surface 
plasmon resonance measurements, complemented with cellular studies. 

COLL 510 

Toward rapid detection of biological particles using multivariable resonant label-
free biosensors 

Radislav A Potyrailo1, potyrailo@crd.ge.com, David Sinton2, Yongjae Lee1, Reza 
Nosrati2.Â  (1) Global Research, GE, Niskayuna, NY, United StatesÂ  (2) University of 
Toronto, Toronto, Ontario, Canada 

Significant achievements in transducers for biosensing have resulted in demonstrations 
of single molecule and single particle detection limits. These advances were 
demonstrated in pristine buffer conditions, often without interferences. Further, with the 
reduction of concentrations of biological molecules and biological particles, their 
diffusive transport to micro- and nano-sensors can easily take long time scales of days 
and even months, signifying the arrival to the limits of practical measurements. In this 
study, we apply our earlier developed multivariable resonant sensors for detection of 
biological (e.g. virus) particles in bioprocess fluids. The operation principle of our 
developed multivariable resonant sensors is based on measurements of the resonance 



impedance spectra of the resonator followed by the multivariate analysis of the resulting 
sensor response. One of the key aspects of our developed transducers is the ability to 
reject interferences from the samples that contain species besides our target analyte 
particles. The design principles of the transducers will be discussed that include (1) 
designs of the transducers to enhance the sensitivity toward the analyte particles and 
(2) designs of the sensing region to reduce the diffusion time of biological species to the 
transducer surface and thus, reduce the time requested for biological detection. 

COLL 511 

Activatable theranostic systems 

Jan Grimm, grimmj@mskcc.org.MPC, MSKCC, New York, NY 10021, United States 

Contrast agents used today are usually nonspecific. They typically reflect physiological 
changes associated with various types of diseases. Given the recent developments in 
molecular targeted therapies radiology is clearly lacking any more specific agents, able 
to visualize biological processes specifically. Some agents closer to this goal are target 
agents, e.g. prototypical targeted agents in the form of monoclonal antibodies labeled 
with signal-producing labels for MRI, optical or nuclear imaging. However, targeted 
agents only provide information on the expression/translation of a given target but not 
on its biological activity. Activatable agents however provide unique information on the 
biological activity of their target (or the specific environment, e.g. pH) since they only 
become activated upon interaction with their designated target, resulting in a significant 
increase of the signal-to noise ratio. This process can at the same time utilized to 
specifically release therapeutic agents upon specific stimuli at the target location. 

COLL 512 

Switching and Sensing of Functional Polymers at Surfaces 

Manfred Stamm, stamm@ipfdd.de.Leibniz Institute of Polymer Research Dresden, 
Dresden, GermanyPhysical Chemistry of Polymer Materials, Technische UniversitÃ¤t 
Dresden, Dresden, Germany 

Nanoparticles can be attached to polymer brushes, and in this way offer the possibility 
of the sensing of environmental conditions in the vicinity of the interface. The interfacial 
properties can be monitored, and also switching and responsive surface behavior can 
be detected in-situ via optical signals. Surface Enhanced Raman Spectroscopy in 
addition allows for a local chemical sensing of species close to attached nanoparticles. 
While polymer brushes usually respond directly to the environment, a reverse response 
may be introduced by functional particles. Those particles for instance will swell in water 
and expose their increased hydrophobic surface. In this way a hydrophilic substrate can 
be switched to a more hydrophobic state when it is exposed to water. When the water is 
removed, the surface returns to the hydrophilic state. 



COLL 513 

Switchable biointerfaces for capture, culture and release of cells 

Alexander Revzin, arevzin@ucdavis.edu.University of California, Davis, CA 95835, 
United States 

Cells are cultured on plastic or glass substrates and frequently require removal from the 
surface for downstream testing, for example using gene expression analysis. Having to 
terminate an experiment to analyze cells may be an expensive proposition when dealing 
with scarce primary cells or embryonic stem cells. We are interested in developing 
switchable surfaces for collecting small groups of cells from predefined locations. This 
presentation will describe electrochemically switchable hydrogel-on-ITO electrode 
surfaces that may be used for cultivation and on-demand retrieval of cells. We will also 
describe efforts to design photodegradable cell culture substrates that release cells 
upon UV exposure to predefined locations. Applications of these switchable 
biointerfaces for cell cultivation, cell harvesting and cell analysis will be highligheted. 

COLL 514 

Dual stabilized nanoengineered polymer capsules 

Kristian Kempe, kristian.kempe@unimelb.edu.au, Ka Fung Noi, Frank 
Caruso.Department of Chemical & Biomolecular Engineering, The University of 
Melbourne, Parkville, VIC 3010, Australia 

The layer-by-layer (LbL) technique has found widespread use for the nanoscale 
engineered assembly of materials, as it is simple, versatile and allows precise control 
over film properties such as thickness and morphology. Recently, there has been 
emphasis on the development of LbL capsules specifically engineered to respond to 
specific stimuli for therapeutic delivery applications or as microreactors. 

The preparation of LbL polymer capsules stabilized by a combination of "click 
chemistry" and disulfide cross-linking is reported. The capsules obtained possess 
gatable permeability due to the reversible character of the latter cross-linking. Their pH 
responsive behavior as well as their permeability using a series of labeled dextrans was 
investigated in both the "closed state" (CuAAC and disulfide cross-linking intact) and the 
"open state" (CuAAC cross-linking intact). The potential of the capsules to reversibly 
encapsulate DNA was demonstrated. 

COLL 515 

Surprises and Open Questions with Janus and Multiblock Colloids 

Steve Granick, sgranick@uiuc.edu.Departments of Materials Science and Engineering, 
Chemistry, and Physics, University of Illinois, Urbana, IL 61801, United States 



This talk surveys emerging areas opened up by the directional interactions presented by 
the specially-designed spheres known as Janus. The “diblock” motif, mutually attractive 
on one domain and repulsive on another, makes this a prototypical system for 
elucidating, on a mechanistic level, how concepts of chemical reaction kinetics explain 
the development of stable and highly ordered nonequilibrium structures. With the 
“triblock” motif, spheres that attract one another on two polar regions but repel at the 
middle band, we go beyond this to demonstrate the self-assembly of a useful low-
density lattice of spheres, the colloidal Kagome lattice, and visualize its aqueous 
assembly dynamics on the single-particle level. A newer area of opportunity is “dynamic 
self-assembly,” in which energy fed into the system as a control variable generates big 
surprises. The generalization of these design rules will be discussed. 

*Work performed with Erik Luijten, Qian Chen, Jing Yan, Nobuhiro Yanai, Jie Zhang, 
Melinda Sindoro, Jonathan K. Whitmer, Sung Chul Bae, Moses Bloom, and Ming Han. 

COLL 516 

The Surface Science of Titania and Other Metal Oxides 

Ulrike Diebold, diebold@iap.tuwien.ac.at.Institute of Applied Physics, Vienna 
University of Technology, Vienna, AustriaDepartment of Physics and Engineering 
Physics, Tulane University, New Orleans, Louisiana 70118, United States 

The surface science of metal oxides -- the investigation of their fundamental surface 
properties, and of the adsorption and reactions of molecules -- has experienced a 
dramatic growth during the past two decades. In this field titanium dioxide, TiO2, has 
evolved as the prototypical material. The surfaces of TiO2 are well understood, can be 
prepared with a controlled density of intrinsic defects and hydroxyls, and have been 
used in a multitude of theoretical and experimental investigations. Results from such 
studies have led to insights that are relevant in a wide variety of applications, ranging 
from (photo-)catalysis to novel electronic devices. 

In the talk I will present a personal perspective of TiO2 surface science research, with 
emphasis on most recent results. I will show how we can monitor adsorption in a 
molecule-by-molecule fashion, and manipulate the motion of molecules and atoms 
across, into, and out of the surface. I will also briefly discuss other metal oxides, and 
point out opportunities and challenges that surface investigations hold in the future. 

COLL 517 

Shape control and symmetry breaking in the synthesis of colloidal nanocrystals 

Younan Xia, younan.xia@bme.gatech.edu.Department of Biomedical Engineering and 
School of Chemistry & Biochemistry, Georgia Institute of Technology, Atlanta, GA 
30332, United States 



Seed-mediated growth has emerged as one of the most effective routes to the synthesis 
of noble-metal nanocrystals with controlled sizes, shapes, and morphologies. The 
nanocrystals are, however, limited to a high level of symmetry as constrained by the 
inherent, face-centered cubic lattice of these metals. We recently demonstrated a facile 
and versatile approach (backed up by a clear mechanistic understanding) for breaking 
the symmetry of a cubic lattice and thus obtaining nanocrystals with highly 
unsymmetrical shapes. The key strategy is to induce and direct the growth of 
nanocrystal seeds into unsymmetrical modes by manipulating the reduction kinetics. It 
is clear that the diversity of possible shapes taken by noble-metal nanocrystals could be 
greatly expanded by incorporating a series of new shapes drastically deviated from the 
cubic lattice. This work represents another major contribution to the shape-controlled 
synthesis of metal nanocrystals. 

COLL 518 

Engineering pressure-sensitive nanoemulsions for enhancing ultrasound-
mediated cancer therapy 

Tyrone Porter, tmp@bu.edu.Department of Mechanical Engineering, Boston 
University, Boston, MA 02215, United StatesDepartment of Biomedical Engineering, 
Boston University, Boston, MA 02215, United StatesCenter for Nanoscience and 
Nanobiotechnology, Boston University, Boston, MA 02215, United States 

The use of acoustic cavitation (i.e. oscillating and collapsing microbubbles) in the 
treatment of cancer is hindered by the lack of reliable approaches to generate 
microbubbles directly within the solid tumor. To address this limitation, a pressure-
sensitive perfluorocarbon nanoemulsion (PSNE) that can extravasate through leaky 
tumor vasculature has been engineered to serve as cavitation nuclei. Upon 
accumulation in tumor interstitium, the PSNE can be vaporized with focused ultrasound, 
resulting in a highly localized cavitation field. The cavitation field can be used to 
significantly enhance the absorption of ultrasound in solid tumors, thus reducing the 
time and acoustic power required for ablation. Additionally, the cavitation field can be 
used for localized delivery of therapeutics to malignant cells. The physical and material 
properties as well as the implications of this novel colloidal nanoparticle in cancer 
therapy will be discussed. 

COLL 519 

Polyplex-Microbubble hybrids for ultrasound-guided plasmid DNA delivery to 
solid tumors 

Shashank R Sirsi1, shashank.sirsi@colorado.edu, Sonia L Hernandez2, Lukasz 
Zeilinski3, Henning Blomback3, Adel Koubaa3, Milo Synder3, Shunichi Homma4, Jessica 
J Kandel5, Darrell J Yamshiro2,5, Mark A Borden1.Â  (1) Department of Mechanical 
Engineering, University of Colorado at Boulder, Boulder, Colorado 80309, United 
StatesÂ  (2) Department of Pathology and Cell Biology, Columbia University Medical 



Center, New York, New York 10032, United StatesÂ  (3) Department of Chemical 
Engineering, Columbia University, New York, New York 10027, United StatesÂ  (4) 
Department of Cardiology, Columbia University Medical Center, New Yorrk, New York 
10032, United StatesÂ  (5) Department of Surgery, Columbia University Medical Center, 
New York, New York 10027, United States 

Microbubble ultrasound contrast agents are being developed as image-guided gene 
carriers for targeted delivery in vivo. In this study, novel polyethylenimine(PEI)-based 
polyplex-microbubbles were synthesized, characterized and evaluated for systemic 
circulation and tumor transfection. The PEI-microbubbles demonstrated increasingly 
positive surface charge and DNA loading capacity with increasing polymer content. Site-
specific delivery to mouse xenograft tumors was achieved with targeted ultrasound 
following systemic injection of the DNA/PEI-microbubbles. Overall, polyplex-
microbubbles offer control of DNA loading and packaging suitable for ultrasound-guided 
tissue transfection. 

 

 
 

COLL 520 

Controlled rupture of drug-encapsulated ultrasound contrast agent 

Yoonjee Park1, yoonjeep@bu.edu, Tuan Pham1, Adam Luce1, Ragnhild Whitaker1, 
Bhumica Amin1, Robin Clevelannd2, Jon O Nagy3, Joyce Y Wong1.Â  (1) Boston 
University, Boston, MA 02215, United StatesÂ  (2) University of Oxford, United 
KingdomÂ  (3) Nanovalent Pharmaceuticals, Bozeman, MT 59718, United States 



Monodisperse gas microbubbles, encapsulated with a shell of photopolymerizable 
diacetylene lipids and phospholipids, were produced by microfluidic flow focusing, as 
molecular imaging ultrasound contrast agents. The stability of the polymerized shell 
microbubbles in a bubble suspension and the acoustic stability under ultrasound 
insonation were significantly greater than for nonpolymerizable shell microbubbles and 
commercially available microbubbles (Vevo MicroMarker). The brightness intensity 
decreasing in the ultrasound images occurred at different powers of ultrasound 
depending on different polymerization times, indicating that the degree of polymerization 
controls the stability against acoustic rupturing. It was demonstrated that the 
polymerized shell microbubbles could be targeted by surface modification and bound 
specifically to cells through ligand-receptor interactions. Drug-encapsulated 
microbubbles were produced using a double-emulsion microfluidic focusing device. 

COLL 521 

Investigating the Acoustic Response of Gold Nanoparticle Coated Microbubbles 

Graciela Mohamedi1, graciela.mohamedi@eng.ox.ac.uk, Paul Rademeyer1, Mehrdad 
Azmin2, Mohan Edirisinghe2, Jorge Pérez-Juste3, Isabel Pastoriza-Santos3, Luis Liz-
Marzán4, Eleanor Stride1.Â  (1) Department of Engineering Science, University of 
Oxford, Oxford, Oxfordshire OX1 3PJ, United KingdomÂ  (2) Department of Mechanical 
Engineering, University College London, London, United KingdomÂ  (3) Departamento 
de QuÃmica-FÃsica, Universidade de Vigo, Vigo, SpainÂ  (4) Biofunctional 
Nanomaterials, Cooperative Centre for Research in Biomaterials, 20009 DONOSTIA -
SAN SEBASTIÃ�N, GUIPÃšZCOA, Spain 

Recent work has shown that solid nanoparticles can be used to control the stability of 
microbubbles used in ultrasound imaging and therapy and to provide other functional 
characteristics for example in multimodality imaging. The aim of this study was to 
investigate the influence of nanoparticle concentration and the preparation method used 
on the response of the microbubbles to ultrasound excitation. 

Microbubbles coated with a surfactant and different concentrations of 15 nm gold 
nanoparticles were produced using either sonication, or a specially designed 
microfluidic device. The attenuation and backscattering coefficients from the bubble 
suspensions and the scattered response from individual bubbles were measured in vitro 
for a range of frequencies (1-7.5 MHz) and pressures (50-500 kPa). The gold 
nanoparticles were found to enhance the nonlinear character of the bubble response in 
agreement with previous theoretical work. The method of bubble generation was also 
found to significantly affect the acoustic response. 

COLL 522 

Imaging and retention of magnetic microbubbles at physiologically relevant shear 
rates 



Joshua W Owen1, joshua.owen@eng.ox.ac.uk, Paul Rademeyer1, Quentin Pankhurst2, 
Eleanor Stride1.Â  (1) Department of Engineering Science, University of Oxford, Oxford, 
Oxfordshire OX3 7DQ, United KingdomÂ  (2) Institute of Biomedical Engineering, 
University College London, London, London WC1E 7JE, United Kingdom 

Coated microbubbles, conventionally used as ultrasound contrast agents have shown 
great potential for therapeutic applications. To date however, targeting in vivo has 
shown limited efficacy. Magnetic microbubbles have been shown to increase gene 
transfection under combined exposure to ultrasound and a magnetic field in vitro and in 
small animal models. The aim of this work was to demonstrate retention of magnetic 
microbubbles under conditions relevant to human physiology. An ultrasound imaging 
phantom was designed and bubble retention tested for a range of flow rates, vessel 
diameters and magnetic field strengths and gradients.  

The results indicate that magnetic microbubbles can be retained using clinically feasible 
magnetic fields at shear rates ~1000/s and flow rates ~200 ml/min (corresponding to the 
capillary and arterial systems respectively). Preliminary results also indicate that a new 
formulation of magnetic microbubble generated using a new preparation technique 
shows higher retention efficiency than existing formulations. 

COLL 523 

Magnetic Resonance Properties of Gd(III)-Bound Lipid-Coated Microbubbles and 
their Cavitation Fragments 

Jameel A Feshitan1, jameel.feshitan@colorado.edu, Michael A Boss2, Mark A 
Borden1.Â  (1) Mechanical Engineering, University of Colorado, Boulder, Boulder, CO 
80309, United StatesÂ  (2) Electromagnetics Division, National Institute of Standards 
and Technology, Boulder, CO 80309, United States 

NMR was used to compare the changes in relaxivity (r1 and r2
*) after fragmentation of 

microbubbles consisting of Gd(III) bound to two different locations on the lipid-shelled 
monolayer: the lipid-headgroup region and polyethylene-glycol brush. Our analysis 
revealed that fragmentation of the lipid-headgroup bound Gd(III)-microbubbles 
increased r1, but not r2*. In contrast, fragmentation of the polyethylene-glycol bound 
Gd(III)-microbubbles decreased both r1 and r2*. Furthermore, the microbubble gas-core 
was revealed to enhance the transverse NMR signal but minimally affect the 
longitudinal signal. 



 

 
 

COLL 524 

Contents release from echogenic liposomes with dual triggers 

Rahul Nahire1, Shirshendu Paul2, Manas K Haldar1, Kausik Sarkar2, Sanku Mallik1, 
Sanku.Mallik@ndsu.edu.Â  (1) Department of Pharmaceutical Sciences, North Dakota 
State University, Fargo, North Dakota 58108, United StatesÂ  (2) Department of 
Mechanical and Aerospace Engineering, George Washington University, Washington, 
DC 20052, United States 

Liposomes are used extensively for targeting and delivery of anticancer drugs. 
However, this methodology frequently involves the passive release of the encapsulated 
drugs to the selected tissue sites. Matrix metalloproteinase-9 (MMP-9) is involved in the 
progression and metastasis of a large number of cancers. We demonstrate that MMP-9 
mediated cleavage of substrate lipopeptides releases encapsulated contents from 
liposomes in the extracellular matrix of cancer cells. When the liposomes are 
echogenic, the release of the liposomal contents is further enhanced by the application 
of diagnostic frequency ultrasound. For release of liposomal contents in the cell cytosol, 
we have prepared polymer-coated, reduction sensitive, echogenic liposomes presenting 
the folate groups on the surface. These liposomes are actively targeted to cervical 
cancer cells overexpressing the folate receptor and efficiently internalized. The reducing 
environment of the cytosol rapidly releases the encapsulated anticancer drug from the 
liposomes, leading to cell death. 

COLL 525 

Enhanced circulation persistence of microbubbles coated with longer chain lipids 



Sumit Garg, sumit.garg@colorado.edu, Alex Thomas, Mark Borden.Department of 
Mechanical Engineering, University of Colorado, Boulder, Colorado 80302, United 
States 

Microbubbles are used extensively as theranostic agents for a wide range of biomedical 
applications. However, one limiting factor is their relatively short circulation persistence 
under physiological conditions owing to dissolution and clearance by the mononuclear 
phagocyte system. In this study, we varied the physiochemical properties of the 
microbubble shell by systematically increasing the acyl chain length of lipid constitutions 
and demonstrate that longer ultrasound contrast persistence of microbubbles can be 
achieved both in vitro and in vivo.  

 

 
 

COLL 526 

Soft micro-carriers for neuronal cell replacement therapies in the central nervous 
system 

Dennis Jgamadze1, Li Liu2, Mitja Platen1, Liang-Hin Chu2, Sophie Pautot1, 
sophie.pautot@crt-dresden.de.Â  (1) Center For Regenerative Therapies, Dresden, 
saxony 01307, GermanyÂ  (2) School of Chemical Engineering, Sichuan University, 
Chengdu, Sichuan 610065, China 

Cell replacement therapy success in the central nervous system (CNS) depends equally 
on the transplanted cell type and on the cell delivery method. To improve neuron 
survival post-transplantation and long-term integration in the host brain, we have 
engineering soft cell carriers. Microgel particles were prepared using mono-dispersed 
emulsion droplets as polymerization reactors. The surface of the particles was treated 
for cell culture. After coating, the particles obtained promoted neuronal cell growth and 
permitted to release neurons at a later time without affecting neuronal processes. These 



hydrogel particles facilitated neuron manipulation and enabled us to increase the 
number of viable transplanted cells in the young adult rat hippocampus while minimizing 
the amount of injected carriers. Taken together the properties of these microgel 
particles make them promising neuron micro-carrier to improve neuronal cell transplant, 
and could become the next generations of cell delivery supports. 

COLL 527 

Design of Lipid-Coated Microbubbles for Oxygen Delivery 

Mark A Borden, mark.borden@colorado.edu.Department of Mechanical Engineering, 
University of Colorado, Boulder, CO 80302, United States 

Injectable oxygen delivery is an emerging technology that presents an opportunity for 
improved patient care in a number of medical disciplines. Here, we report on the 
fabrication and characterization of novel encapsulated oxygen microbubbles (OMBs) 
designed for intravenous injection. The encapsulation is designed to mimic the alveolar 
lining (lung surfactant). The nano-thick encapsulation provided OMBs small enough for 
transcapillary passage: 99% of the microbubbles were less than 3-μm diameter, and 
less than 1% of the oxygen was encapsulated in microbubbles greater than 8-μm 
diameter. The OMBs were remarkably stable, losing less than 40% of the encapsulated 
gas over 12 days. Upon injection into an oxygen-depleted saline solution, the protein 
OMBs rapidly equilibrated by releasing their oxygen core. These results indicate that 
protein microbubbles may serve as a suitable platform for direct injection of bioactive 
and therapeutic gases. 

 

 
 

COLL 528 

Protein Analogous Micelles: Versatile, Modular Nanoparticles 

Matthew Tirrell, mtirrell@uchicago.edu.Institute for Molecular Engineering, University 
of Chicago, Chicago, Illinois 60637, United States 

Peptides are functional modules of protein macromolecules that can be displayed apart 
from the whole protein to create biofunctional surfaces and interfaces, or can be re-



assembled in new ways to create synthetic mimics of protein structures. Each of these 
routes are being employed to gain new insight into protein folding and to develop new, 
functional, biomolecular materials. Examples of work from our laboratory in this area 
using peptide-lipid conjugate molecules (peptide amphiphiles) will be discussed relating 
to multi-functional surfaces, DNA-binding peptide assemblies, and protein analogous 
micelles for cancer and cardiovascular therapeutics. 

COLL 529 

Programming Micellar Nanoparticles with Biomolecules: Basic materials 
development and functional utility with respect to in vivo imaging 

Nathan C Gianneschi, ngianneschi@ucsd.edu, Miao-Ping Chien.Department of 
Chemistry & Biochemistry, University of California, San Diego, La Jolla, CA 92103, 
United States 

The morphology of micellar nanoscale particles can strongly influence their physical and 
functional properties. Of great interest in our research is how nanoscale particle 
morphology may be utilized to influence, switch and optimize the in vivo properties of 
delivery vehicles for imaging and therapeutics applications. Therefore, we have set 
about developing a range of soft materials capable of switching morphology in response 
to specific biochemical stimuli. Herein, we present an approach that blends synthetic 
polymers with biopolymers to construct materials that respond selectively to particular 
enzymes including nucleases, proteases, transpeptidases, kinases and phosphatases. 
We will describe these polymeric micelles for their ability to selectively accumulate and 
target within tumor tissue in vivo. 

COLL 530 

Nanoscale characterization of zein self-assembly 

Yi Wang1, wytsinghua03@hotmail.com, Graciela W Padua2.Â  (1) Department of 
Applied Biology and Chemical Technology, The Hong Kong Polytechnic University, 
Hung Hom, Kowloon, Hong Kong, Hong Kong 999077, Hong Kong Special 
Administrative Region of ChinaÂ  (2) Department of Food Science and Human Nutrition, 
University of Illinois, Urbana-Champaign, Urbana, Illinois 61801, United States 

Zein, a major protein of corn, is rich in α-helical structure. It has an amphiphilic 
character and is capable of self-assembly. Zein can self-assemble into various 
mesostructures that may find applications in food, agricultural, and biomedical 
engineering. Understanding the mechanism of zein self-assembly at the nanoscale is 
important for further development of zein structures. In this work, high-resolution 
transmission electron microscope (TEM) images revealed nanosize zein stripes, rings 
and discs containing a 0.35 nm periodicity which is characteristic of β-sheet. TEM 
images were interpreted in terms of the transformation of original α-helices into β-sheet 
conformation after evaporation induced self-assembly (EISA). The presence of β-sheet 



was also detected by circular dichroism (CD) spectroscopy. Zein β-sheets self-
assembled into stripes, which curled into rings. Rings formed discs and eventually 
spheres. The formation of zein nanostructures was believed to be the result of β-sheet 
orientation, alignment and packing.  

 
 

COLL 531 

Characterization of the thermotropic and liquid crystalline properties of novel ion-
pair amphiphiles (IPA) 

Robin Jose1, joser@uhd.edu, Tilesh J Patel1, Troy A Cather1, Janusz Grebowicz1, 
Haesook Han2, Pradip K Bhowmik2.Â  (1) Natural Sciences, University of Houston-
Downtown, Houston, TX 77002, United StatesÂ  (2) Chemistry and Biochemistry, 
University of Nevada Las Vegas, LasVegas, NV 89154, United States 

A series of IPA were synthesized from single- and double-chain quaternary- ammonium 
surfactants as the cationic counterpart and dodecylbenzenesulfonate as the anionic 
counterpart by ion-exchange metathesis reaction. Their thermal as well as liquid 
crystalline properties were studied with respect to the change in alkyl chain length of the 
cationic counterpart by Thermo Gravimetric Analysis (TGA), Differential Scanning 
Calorimetry (DSC), and Hot-Stage Polarized Light Microscopy (HSPLM). They show 
high thermal stability and exist as Smectic liquid crystals at room temperature. 



 

 
 

COLL 532 

Dynamic surfactants and and networks: in control of soft matter properties by 
dynamic and dissipative self-assembly 

Jan van Esch, j.h.vanesch@tudelft.nl, Rienk Eelkema, Ger Koper, Job Boekhoven, 
Aurelie Brizard, Christophe Minkenberg.Department of Chemical Engineering, Delft 
University of Technology, Delft, The Netherlands 

The self-assembly of small molecules, polymers, proteins, nanoparticles and colloids 
under equilibrium conditions has been a powerful approach for the construction of a 
wide variety of structures of nano- to micrometer dimensions. Nevertheless, the 
permanent nature of synthetic self-assembled structures does not compare well to the 
complex spatiotemporally confined self-assembly processes seen in natural systems, 
leading to e.g. dynamic compartmentalization of incompatible processes, 



responsiveness, and self-healing. It remains a challenge to develop systems in which 
equilibrium and kinetics of self-assembly can be independently controlled. 

In our research we focus on molecular approaches which allow independent control 
over interaction strength and dynamics: (i) the development of dynamic covalent 
surfactants and gelators, and (ii) dissipative self-assembly driven by a chemical fuel. I 
will discuss the background of our approaches together with recent results, and will 
suggest how dynamic self-assembling systems may lead to the next generation 
responsive, nanostructured or self-healing materials. 

COLL 533 

Toward rational design of protein-detergent complexes for in vitro membrane 
protein characterization 

Matthew E. Helgeson1, helgeson@engineering.ucsb.edu, Michelle A. O'Malley1, Anne 
S. Robinson2, Norman J. Wagner3.Â  (1) Department of Chemical Engineering, UC 
Santa Barbara, Santa Barbara, CA 93117, United StatesÂ  (2) Department of Chemical 
and Biomolecular Engineering, Tulane University, New Orleans, LA, United StatesÂ  (3) 
Department of Chemical and Biomolecular Engineering, University of Delaware, 
Newark, DE 19716, United States 

The in vitro characterization of membrane proteins, and their interactions with other 
molecules, is critical to drug discovery. One of the largest roadblocks to these studies is 
the isolation of a protein of interest in its native conformational state within a membrane-
mimetic environment. Micelles have traditionally served, and remain, as one of the 
primary systems for the formation of such so-called protein-detergent complexes 
(PDCs). Despite the vast number of surfactants that have been newly developed for 
PDCs, design rules for their selection and formulation to optimize protein stability and 
activity are lacking. This talk will provide a historical perspective on success in this area, 
and highlight some of our recent progress in developing rational design criteria for 
PDCs. Specifically, we report results of studies on PDCs containing non-ionic 
surfactants with added sterol derivatives, and their influence on the conformational 
stability of a human G-protein coupled receptor, hA2aR. Combining detailed biophysical 
and microstructural studies on various PDCs reveals critical, quantitative parameters of 
micellar systems which can be used to optimize their formulation for a membrane 
protein of interest. Specifically, we find that optimal ligand binding activity of hA2aR (a 
critical reporter of conformational stability) is strongly correlated with morphologies and 
sterol content which approximate those of the native mammalian cell membrane. This 
result, though seemingly intuitive, highlights the importance of aggregate structure over 
simple molecular chemistry in determining the success of micelle-based PDCs. 

COLL 534 

From Reverse Micelles to Reverse Vesicles: Principles for Modulating Self-
Assembly in Nonpolar Organic Solvents 



Srinivasa R Raghavan, sraghava@umd.edu, Kevin K Diehn, Hee-Young Lee, Shih-
Huang Tung.Department of Chemical and Biomolecular Engineering, University of 
Maryland, College Park, MD 20742, United States 

It is well-known that self-assembly of lipids and surfactants in water leads to structures 
such as micelles and vesiclesin dilute solution. In contrast, however, self-assembly in 
nonpolar organic solvents (oils) is much less studied. Standard textbooks in colloid 
science make only a brief mention of reverse micelles, which are typically assumed to 
be spherical. In the specialized literature, a few systems have been reported in which 
reverse spherical micelles can be transformed into reverse cylindrical micelles, typically 
upon addition of a polar substance like water. There is scant discussion of other non-
micellar reverse phases such as reverse vesicles. 

In our laboratory, we have found that reverse self-assembly is a much richer subject 
than is known, and it is full of interesting and surprising findings. For example, we have 
found that simple salts can influence the reverse self-assembly of lipids in oil (salts can 
be dissolved in oil only in the presence of lipid). Moreover, the nature of the salt cation 
is found to critically influence reverse self-assembly. For example, in mixtures with the 
unsaturated phospholipid, soybean lecithin we have found that salts of multivalent 
cations such as Ca2+, Mg 2+, La3+ and Gd 3+induce the formation of reverse cylindrical 
filaments and in turn their organogels. This behavior is not seen with univalent cations 
like Na+ or K+ . Additionally, when combined with a saturated phospholipid, we have 
found that the same multivalent cations induce the formation of reverse multilamellar 
vesicles (reverse “onions”). Many of these results on reverse self-assembly can be 
rationalized based on molecular-geometry (packing parameter) principles, much like in 
the case of aqueous self-assembly. 

COLL 535 

Theory of micelle formation by protein-polymer conjugates 

Ramanathan Nagarajan, ramanathan.nagarajan.civ@mail.mil, Nisaraporn 
Suthiwangcharoen, Paola Pinzon-Arango.Molecular Sciences and Engineering Team, 
Natick Soldier Research, Development and Engineering Center, Natick, MA 01760, 
United States 

Protein-polymer covalent conjugates are being developed for applications such as 
targeted drug delivery, protein therapeutics and enhanced cellular delivery of drugs 
crossing the blood-brain barrier. The conjugates may exist as single molecules or they 
can self-assemble to create multimolecular micelle structures. The polymer in the 
conjugate can be hydrophobic, hydrophilic or amphiphilic. The protein provides 
hydrophilicity depending on the charge and polarity characteristics. The self-assembly 
behavior is thus controlled by both the polymer and protein molecular properties. We 
develop a simple phenomenological treatment of protein-polymer conjugate micelles 
following the same approach we had developed previously to describe micelles formed 
of block copolymers. Additional interactions between the proteins due to their size and 



charge effects are incorporated into the model. From the free energy minimization of the 
system, we calculate the critical concentration of the conjugates for micelle formation 
and the size of the micelles. We identify the essential physicochemical features of the 
polymer and the protein necessary for the conjugates to self-assemble into micelles. We 
compare the theoretical predictions against dynamic light scattering data obtained on 
Pluronic block copolymer - bovine serum albumin conjugates. 

COLL 536 

Charactierizing the Different Mechanisms of Histone-Derived Antimicrobial 
Peptides 

Donald E Elmore, delmore@wellesley.edu.Department of Chemistry, Wellesley 
College, Wellesley, MA 02481, United States 

Although the antimicrobial activity of full histones and histone fragments has been 
known for decades, relatively little research has investigated their mechanism of action. 
Buforin II, the best characterized histone-derived antimicrobial peptide (HDAP), is 
thought to target bacteria by translocating across the cell membrane and interacting 
with intracellular nucleic acids. Based on properties of buforin II and histone structures, 
my lab designed novel HDAPs. While one of our designed HDAPs shares a mechanism 
with buforin II, another appears to induce cell lysis. We have further emphasized the 
different mechanisms employed by HDAPs through a modular study of histone H2A 
derived peptides. This research has also considered the effects of combining "lytic" and 
"translocating" histone fragments into a single peptide. Together, these studies have 
started the systematic study of HDAP function, which will provide insights aiding in the 
design of future histone-derived therapeutic agents. 

COLL 537 

Structure and dynamics of “amyloid-like” lipid-protein fibers: FCS, FRET, FLIM 
and FRAP study 

Ana Melo1, Luís Loura2, Ana Coutinho1,3, Manuel Prieto1, manuel.prieto@ist.utl.pt.Â  
(1) CQFM and IN, IST, Universidade Tecnica Lisboa, Lisbon, PortugalÂ  (2) Centro 
QuÃmica and Faculdade FarmÃ¡cia, Universidade Coimbra, Coimbra, PortugalÂ  (3) 
Departamento QuÃmica e BioquÃmica, Faculdade CiÃªncias, Universidade Lisboa, 
Lisbon, Portugal 

Anionic membranes have been proposed to trigger “amyloid-like” fibril formation of 
several non-amyloidogenic proteins. In order to elucidate the key factors that govern the 
formation of these lipid-protein mixed assemblies (fibers), lysozyme was used as a 
model protein. The partition coefficients of Lysozyme-Alexa488 towards POPC:POPS 
LUVs were obtained from FCS. A cooperative partition model combined with the Gouy-
Chapman theory described the variation of the mean fluorescence lifetime of Lysozyme-
Alexa488 with the surface coverage of the liposomes, as well as homo-FRET 



measurements, showing that Lysozyme-Alexa488 assembles into hexamers in the 
fibers. Advanced time-resolved FRET methodologies showed the formation of multi-
stacked membranes at a low L/P ratio. FLIM measurements revealed that the fibers are 
homogeneous at the mesoscale level. Dynamic information was further obtained from 
FRAP data, revealing that both the phospholipid and protein diffusion is very slow in the 
fibers, indicating the formation of very rigid structures. 

FCT (Portugal) is acknowledged for funding. 

COLL 538 

Using QCM-D to compare the actions of antimicrobial peptides alamethicin, 
chrysophsin-3, indolicidin, and SMAP-29 on a supported lipid membrane 

Kathleen F Wang1, kfwang@wpi.edu, Ramanathan Nagarajan2, Terri A Camesano1.Â  
(1) Department of Chemical Engineering, Worcester Polytechnic Institute, Worcester, 
MA 01609, United StatesÂ  (2) Molecular Science and Engineering Team, Natick 
Soldier Research, Development, and Engineering Center, Natick, MA 01760, United 
States 

Antimicrobial peptides (AMPs) are produced by a variety of organisms as an essential 
component of their immune systems. Although AMPs are thought to kill bacteria through 
membrane disruption, the relationship between AMP structure and activity is not well 
understood. Quartz crystal microbalance with dissipation (QCM-D) was used to monitor 
the action of four AMPs: alamethicin, chrysophsin-3, indolicidin, and SMAP-29 (Sheep 
Myeloid Antimicrobial Peptide) on a supported phosphatidylcholine (PC) lipid bilayer. 
The four peptides representing diverse charge, hydrophobicity, and structural 
characteristics, interacted with the PC membrane distinctly differently as indicated by 
the QCM-D signatures of frequency and dissipation changes. Alamethicin, a practically 
neutral, α-helical peptide, inserted into the lipid bilayer beginning at AMP concentrations 
as low as 0.05 μM. Chrysophsin-3, an α-helical peptide with 4 net charges, adsorbed to 
the membrane surface and formed pores below 5 μM and lost lipid mass at 10 μM, 
possibly due to the formation of peptide-lipid aggregates. Indolicidin, a short, 
tryptophan-rich peptide with random coil conformation, adsorbed to and inserted into the 
membrane, but no major membrane disruption was observed up to 10 μM. SMAP-29, a 
strongly cationic peptide, adsorbed to the membrane and inserted to form pores, but did 
not cause significant loss of lipids from the bilayer. While the QCM-D signatures are 
very distinct between the four peptides, their unambiguous quantitative molecular 
interpretation requires additional, complementary methods of investigation. 

COLL 539 

Multiscale modeling of membrane insertion and self-assembly of helical peptides 

Jianhan Chen, jianhanc@ksu.edu.Department of Biochemistry, Kansas State 
University, Manhattan, Kansas 66506, United States 



The precise mechanisms of spontaneous insertion and self-assembly of peptides in 
membrane remain poorly understood at molecular level. This limitation can be attributed 
both to the complexity of the problem and a lack of suitable molecular modeling tools for 
probing such complex processes. Conventional physics-based atomistic modeling could 
provide the ultimate level of details necessary for understanding the structure and 
dynamics of membrane proteins in pre-assembled forms, wheras so-called coarse-
grained models are often necessary for interregoating the moleccular process of how 
the system arrives at such functional states (i.e., insertion and self-assembly). We will 
present some of our recent studies in atomistic simulation of a series of M2GlyR-derived 
channel forming peptides as well as the development and application of coarse-grained 
models to understand the mechanism of membrane insertion and self-assembly. 

COLL 540 

Evaluation of a library of synthetic variants of the HIV fusion peptide in fusion, 
permeation and cell uptake assays 

Dennis Bong, bong@chem.osu.edu.Chemistry and Biochemistry, The Ohio State 
University, Columbus, Ohio 43210, United States 

We have synthesized a library of variants of the 23-residue fusion peptide domain found 
at the N-terminus of gp-41 glycoprotein of HIV. Our library was designed to address the 
biophysical importance of secondary structure, peptide flexibility, glycine content and 
location as well as the nature of the membrane anchor. Each member of this library also 
bears a positively charged hexapeptide at the C-terminus for solubility and to facilitate 
binding to negatively charged membranes. We assayed each peptide for its ability to 
induce lipid-mixing and lysis in synthetic vesicles. We further analyzed RNA cell uptake 
activity of the library. We find a wide range of cellular uptake yield of peptide-RNA 
complexes, even for peptides with identical amino acid composition; a majority of 
peptides are not active in knock-down, presumably due to trapping of siRNA in a 
peptide-complex. 

COLL 541 

Comparison of Reversible Self-Assembly of Amyloid Beta (1-40) and Amyloid 
Beta (1-42) Over Nano-Scale Gold Colloidal Surfaces 

Kazushige Yokoyama, yokoyama@geneseo.edu, Amy Tran, Sophia 
Hwangbo.Department of Chemistry, SUNY Geneseo, Geneseo, NY 14454, United 
States 

A fiber formation of amyloid beta peptide (Aβ) is a hallmark of the Alzheimer's disease. 
We investigated a reversible self-assembly process of Aβ1-40 and Aβ1-42 over various 
sizes of gold nano-colloids ranging between 10 nm and 100nm in diameter. As solution 
was changed from basic to acidic condition, the color of the solution changed from red 
to blue. The pH value where this color takes place (pHo) is regarded as the point where 



the Aβ coated gold colloids possess no charge and indicating that an formation of 
intermediate of a fiber formation (precursor of fiber). As for Aβ1-40 coated gold colloids in 
water, there was a unique size dependence in pHo. On the other hand, no significant 
size dependence was observed for both Aβ1-40 and Aβ1-42 coated gold colloid in 
dimethyl sulfoxide. We conclude that a particular interaction in water must be essential 
to conduct the reversible self-assembly. 

COLL 542 

Nanoscale surface characterization using instrumentation combining atomic 
force microscopy and infrared spectroscopy (AFM-IR) 

Curtis Marcott1, marcott@lightlightsolutions.com, Michael Lo2, Kevin Kjoller2.Â  (1) 
Light Light Solutions, Athens, GA 30608, United StatesÂ  (2) Anasys Instruments, Santa 
Barbara, CA 93101, United States 

Atomic force microscopy (AFM) and infrared (IR) spectroscopy have been combined in 
a single instrument capable of producing 50 nm spatial resolution IR spectra and 
images. This new capability enables the spectroscopic characterization of surfaces and 
interfaces at levels not previously possible. A tunable IR laser source generating pulses 
on the order of 10 ns was used for excitation of cast sample films or thin cross sections 
deposited on IR transparent ZnSe prisms. Short duration thermal waves, due to infrared 
absorption, were studied by monitoring the resulting excitation of the contact resonance 
modes of the AFM cantilever. Differences in the IR spectra and contact resonance 
frequencies as a function of spatial position provide insight into the molecular structure 
and mechanical properties of surface features. 

COLL 543 

Scanning Tunneling Microscopy studies of trinuclear gold(I) pyrazolates 

Duncan den Boer, ddboer@mit.edu, Birgit Esser, Markrete Krikorian, Timothy M 
Swager.Department of Chemistry, Massachusetts Institute of Technology (MIT), 
Cambridge, MASSACHUSETTS 02139, United States 

Trinuclear gold(I) pyrazolates can bind strongly to electron-poor aromatic compounds, 
and are therefore promising for the use in selective sensors. STM was used to study 
layers of AuC18 at the 1-octanoic acid/graphite interface, and different morphologies, 
monomeric and dimeric, were observed. Dynamic aspects of the layer were also studied 
on the molecular level, showing rotation of dimer pairs. Insights into such dynamics on 
the surface will be of great importance for the understanding (and control) of molecular 
monolayers.  



 
 

COLL 544 

Atomic-level Defects in ZnO: Is Characterization Possible? 

Erin L Ratcliff, ratcliff@email.arizona.edu.Department of Chemistry and Biochemistry, 
University of Arizona, Tucson, Arizona 85721, United States 

Inclusion of amphoteric zinc oxide (ZnO) thin films in energy conversion technologies 
such as photovoltaics and batteries requires advancement in nanometer-scale control 
over the morphology and chemical composition of the near-surface region; intrinsic and 
extrinsic doping of the layers to improve conductivity; and rates of interfacial charge 
transfer to enhance charge injection or extraction. The following extensive theoretical 
and experimental protocol is used to understand the role of interfacial defects on 
interfacial charge transfer all as a function of oxygen content in synthesis gas for 
sputtered ZnO samples: x-ray photoelectron spectroscopy to identify the presence of 
surface defects surface defects (hydroxyls, oxygen and zinc vacancies, zinc interstitials, 
and gallium dopants); DFT calculations, photoluminescence, and ultraviolet 
photoemission spectroscopy to evaluate the energetics of mid-gap states; extended x-
ray absorption fine structure (EXAFS) measurements to determine interatomic 
distances. Connections are made with application-based electrochemical 
measurements and organic photovoltaic device performance. 

COLL 545 

Observations at the single-molecule level of the formation of nitrogen atoms on 
the Pt(111) surface from the reaction of ammonia with molecular oxygen 

Zhu Liang1, Hyowon Kim2, Yousoo Kim2, Michael Trenary1, mtrenary@uic.edu.Â  (1) 
Department of Chemistry, University of Illinois at Chicago, Chicago, Illinois 60607, 
United StatesÂ  (2) Surface and Interfacial Science Laboratory, RIKEN, Wako, Saitama 
351-0198, Japan 

Atomically resolved images of the interaction of ammonia with chemisorbed molecular 
oxygen on a Pt(111) surface have been obtained with a scanning tunneling microscope 
(STM) operated at 5 K in ultrahigh vacuum. Adsorption of NH3 onto a structure formed 
by preadsorbed O2 molecules results in a structure indicative of an NH3-O2 complex. 
Annealing of the ammonia-oxygen overlayer to 400 K produces a well ordered p(2×2) N 
overlayer. For annealing temperatures slightly less that 400 K, the nitrogen is present in 



a mixed p(2×2) + (√3×√3)R 30° overlayer. Exposure of the N-covered surface to H2(g) 
reveals the formation of NH molecules, which can be distinguished from N atoms in 
several ways. Also apparent in the images are H atoms, which are highly mobile and 
easily moved by the STM tip. This work provides new insights into the formation and 
hydrogenation of nitrogen atoms on platinum surfaces. 

COLL 546 

Surface patterning of polypeptoids and investigation of thermo-responsive 
properties using scanning probe microscopy 

Lu Lu, llu6@lsu.edu, Samuel Lahasky, Jayne Garno, Donghui Zhang.Department of 
chemistry, Louisiana State Univeristy, Baton Rouge, Louisiana 70803, United States 

Nanoscale surface test platforms will be used to investigate phase transitions of 
copolymer nanostructures using scanning probe microscopy (SPM). Aqueous solutions 
of the random copolymer poly[(N-ethyl glycine)-ran-(N-butyl glycine)] P(NEG-r-NBG) 
become cloudy upon heating and clear upon cooling, which indicates reversible phase 
transitions. Changes in the composition of copolypeptoids can be used to adjust the 
cloud point temperature within the range of 20-60 C. Nanopores within a film of 
octadecyltrichlorosilane were prepared using particle lithography and solution 
immersion. A pre-synthesized copolymer such as P(NEG-r-NBG) can be anchored to 
the sites of nanopores. The morphology and surface arrangement of brush polymer 
nanostructures can be characterized with SPM. Studies of thermo-responsive properties 
can be accomplished using dynamic protocols and liquid imaging media. A temperature 
stage can be used to heat the sample during time-lapse SPM imaging. Significant 
advantages are gained by localizing and patterning polymer brushes on surfaces for 
studies of thermo-responsive properties. 

COLL 547 

Interfacial diffusional dynamics of dyes in ionic liquids near solid surfaces 

Jianchang Guo1, guoj@ornl.gov, Shannon M. Mahurin1, Gary A. Baker2, Patrick C. 
Hillesheim1, Sheng Dai1, Robert W. Shaw1.Â  (1) Chemical Sciences Division, Oak 
Ridge National Laboratory, Oak Ridge, TN 37831, United StatesÂ  (2) Department of 
Chemistry, University of Misouri-Columbia, Columbia, MO 65211, United States 

Room-temperature ionic liquids (RTILs) have been widely used in many energy related 
applications such as fuel cells, photovoltaics, supercapacitors, and batteries. However, 
some of the most fundamental questions about the interfacial dynamics of ionic liquids 
at solid electrode surfaces remain unanswered. We report interfacial diffusional 
dynamics of rhodamine6G in N-alkyl-N-methylpyrrolidinium bis(trifluoromethylsulfonyl) 
imide, [CnMPyr][Tf2N], ionic liquids by controlling the gap of two solid surfaces within a 
tens of nanometers range on an inverted fluorescence microscope platform. The effect 
of variable gap nanoconfinement on the diffusional dynamics will be discussed.  



* Research supported as part of the Fluid Interface Reactions, Structures, and 
Transport (FIRST) Center, an Energy Frontier Research Center funded by the U.S. 
Department of Energy, Office of Science, Office of Basic Energy Sciences under Award 
Number ERKCC61. G.A.B. and P.C.H. were supported by the Division of Chemical 
Sciences, Geosciences, and Biosciences, Office of Basic Energy Sciences, U.S. 
Department of Energy. 

COLL 548 

Design and optimization of optically responsive biosensors 

Navneet Dogra, navneet@siu.edu, Punit Kohli.Department of Chemistry & 
Biochemistry, southern Illinois University, Carbondale, Illinois 62901, United States 

Liposomes are of great interest to the scientific community for their use to convey 
vaccines, drugs, enzymes or other substances to target cells or organs and sensing of 
various molecules. Conjugated polydiacetylene (PDA) liposomes have environmentally 
sensitive optical characteristics which make them excellent sensors for the detection of 
virus, proteins, DNA, toxins and biologically relevant molecules like glucose. 

We describe here an approach for highly-sensitive protein sensors based on the 
changes in optical properties of the polydiacetylene (PDA) liposomes following chemical 
reactions at the liposome surface which amplified the optical signal. We present our 
preliminary results on the design and optimization of chemically modified PDA 
liposomes and their enhanced sensing towards various proteins. Various analytical 
techniques such as UV-Vis and fluorescence spectroscopy, Fluorescence microscopy , 
Fluorescence Anisotropy Fluorescence resonance energy transfer (FRET), Infrared 
spectroscopy and Mass spectrometry are being used to understand the biosensor 
device. We expect to attain sub-nanomolar or lower detection limits of various proteins 
through an amplification process. The objective of present study is to enhance the 
sensitivity of PDA liposomes and to better understand the interactions of protein 
molecules with bilayers of liposomes. 

 

 
 

COLL 549 

Adatom-Induced Self-Assembly of Aromatic Isocyanides on Au(111): Energetics, 
Structure and Work function 



Yan Li1, ynli@bnl.gov, Michael G White2,3.Â  (1) Computational Science Center, 
Brookhaven National Laboratory, Upton, NY 11973, United StatesÂ  (2) Chemistry 
Department, Brookhaven National laboratory, Upton, NY 11973, United StatesÂ  (3) 
Department of Chemistry, Stony Brook University, Stony Brook, NY 11794, United 
States 

The self-assembly of organic molecules on metal surfaces is of great interest for their 
central role in the development of molecular-based electronic and optical devices. In 
this work, we have investigated the adsorption of 1,4-phenylenediisocyanide (PDI) and 
4,4'-biphenyldiisocyanide (BPDI) on the Au(111) surface through a combination of 
density functional theory (DFT), two-photon photoemission (2PPE) spectroscopy and 
low temperature scanning tunneling microscopy (STM). Our calculations have 
confirmed the adsorption structure and energetic stability of the adatom-induced, self-
assembled molecular chains of -[PDI-Au]- and -[BPDI-Au]- motifs observed by STM. 
The corresponding adsorption energies were computed to be more than half eV larger 
than those of the vertical adsorption motifs in which only one isocyanide is bound to the 
gold substrate. It was found that substantial charge exchange occurs at the molecular-
chain/substrate interface, and the magnitude of the induced surface dipole moment 
depends on both the coverage and the packing pattern of the one-dimensional 
molecular chains. The computed surface potential shift of -1.5 eV for the interlocked, 
closely-packed -[PDI-Au]- chains on Au(111) was in in excellent agreement with the 
measured work function reduction from 2PPE measurements. 

COLL 550 

Reactivity of highly-hydroxylated TiO2(110) surface prepared via carboxylic acid 
adsorption and photolysis: STM, TPD, PSD and DFT studies 

Igor Lyubinetsky1, igor.lyubinetsky@pnnl.gov, Yingge Du1, Nikolay G. Petrik2, N. 
Aaron Deskins3, Zho-Tao Wang1, Michael A. Henderson2, Gregory A. Kimmel2.Â  (1) 
EMSL, Pacific Northwest National Laboratory, United StatesÂ  (2) FCSD, Pacific 
Northwest National Laboratory, United StatesÂ  (3) Dept. of Chemical Engineering, 
Worcester Polytechnic Institute, United States 

The formation and chemistry of a highly-hydroxylated TiO2(110) surface was examined 
at the atomic level by a combination of scanning tunneling microscopy, temperature-
programmed desorption, photo stimulated desorption, and density functional theory. 
TiO2(110) surfaces with an OHb coverages up to 0.5 ML were prepared via a novel, 
photochemical approach using trimethyl acetic acid (TMAA) dissociative adsorption and 
subsequent photolysis at 300 K. Deprotonation of TMAA molecules upon adsorption 
produces both surface bridging hydroxyls (OHb) and bidentate trimethyl acetate (TMA) 
species with saturation coverage of near 0.5 ML. The TMA species can be selectively 
removed by ultra-violet light irradiation while OHb'ssurvive photolysis. The OHb species 
typically occupy second-nearest neighbor sites along the bridging oxygen row locally 
forming linear (2x1) structures of different lengths, although the surface is less ordered 
on a long scale. The annealing of the highly-hydroxylated surface leads to hydroxyl 



recombination and H2O desorption with ~100% yield, thus ruling out the diffusion of H 
into the bulk. In agreement with experimental data, theoretical results show that the 
recombinative H2O desorption is preferred over both H bulk diffusion and H2 desorption 
processes. 

COLL 551 

Probing the interface of charged surfactants in ionic liquids by XPS 

Lang Chen, langc@polysci.umass.edu, Harry Bermudez.Department of Polymer 
Science and Engineering, University of Massachusetts Amherst, Amherst, MA 01003, 
United States 

Room-temperature ionic liquids (ILs) are playing increasingly vital roles in many 
processes of both fundamental and applied natures such as separations and catalysis. 
It is therefore critical to obtain a better understanding of their interfacial properties such 
as surface charge and composition. Here we examine the influence of positively-
charged surfactants on IL interfaces by X-ray photoelectron spectroscopy (XPS). The 
roles of surfactant alkyl chain length, concentration, and information depth on interfacial 
properties are investigated. Depending on the chain length and concentration, the 
surfactants can alter the IL interface to varying extents, highlighting a simple route to 
manipulate interfacial properties. XPS also reveals that surfactant counterions 
predominantly dissociate into the bulk. As a consequence, ion exchange occurs 
between surfactant and like-charged IL ion. Our results are a further demonstration of 
the ability of XPS to give insights into the surface activity and aggregation behavior in 
multi-component ionic liquid systems. 

COLL 552 

Barnacle underwater attachment: Molecular interaction to tightly attach two 
different materials in water 

Kei Kamino, kamino-kei@nite.go.jp.Department of Biotechnology, National Institute of 
Technology and Evaluation, Kisarazu, Chiba 292-0818, Japan 

Barnacles have been an intriguing target of research from both aspects of how to 
prevent their fouling and to learn about the natural manner of underwater attachment for 
bio-mimetic and bio-inspired research. Recent advances in the molecular dissection of 
barnacle cement have indicated the diversity of biological adhesives, and it is now 
evident that the molecular system for barnacle attachment is unique among the 
organisms so far studied. Molecular interaction to self-assemble and coupling to foreign 
surfaces will be discussed. 



 

 
 

COLL 553 

Bioadhesion the barnacle way 

Anne Marie Power, annemarie.power@nuigalway.ie.School of Natural Sciences & 
Ryan Institute, National University of Ireland, Galway, Galway, Galway not applicable, 
Ireland 

Barnacles possess the ability to be either generalist or substrate-specific at the point of 
first attachment. Because of the complex metamorphosis in their lifecycle, the adhesive 
system used by adult barnacles is probably different from the larval adhesive produced 
at 'settlement'. The adult barnacle adhesive system fundamentally differs from other 
models such as tubeworm and mussel. Barnacle glands differ from other models in their 
general layout. As regards the proteins involved, otherwise ubiquitous amino acid 
residues are apparently missing in barnacle glue. A cross-linking mechanism to 'set' the 
protein complex has not been definitively shown. These observations mean that 
barnacles use novel methods to attain adhesion and to maintain cohesive strength on a 
variety of surfaces. These issues will be explored mainly in reference to Lepas 
anatifera, a notorious biofouler and generalist, attaching to diverse surfaces: wood, skin, 
glass and plastic. 

COLL 554 

Characterization and synthetic mimics of shellfish adhesives 



Erik Alberts1, Chelsey Del Grosso1, Natalie Hamada1, Courtney Jenkins1, Michael 
Johnston2, Heather Meredith2, Michael North1, Jessica Roman1, Jonathan J Wilker1,2, 
wilker@purdue.edu.Â  (1) Department of Chemistry, Purdue University, West Lafayette, 
IN 47907, United StatesÂ  (2) School of Materials Science, Purdue University, West 
Lafayette, IN 47907, United States 

The oceans provide several compelling research topics within the contexts of 
understanding material-surface interfaces, biological adhesives, and design principles 
for biomimetic materials. We are particularly intrigued by the adhesives and cements 
used by several marine organisms for attaching themselves to substrates. Our 
laboratory is working to characterize the glues of shellfish such as mussels and oysters. 
Spectroscopy, biochemical analysis, and mechanical testing are all providing insights on 
how these animals stick. These findings are then bringing about inspiration for creating 
synthetic polymer mimics of bioadhesive proteins. Such biomimetic work is reducing 
complex biomolecules down to relatively simple copolymer systems. These studies are 
helping to determine the minimum components required for function. The resulting 
polymers are exhibiting the ability to adhere more strongly than commercial Super Glue 
and also bond well underwater. 

COLL 555 

Synthetic water-borne underwater adhesives inspired by marine sandcastle 
worms and their use in deep tissue fixation 

Russell Stewart, rstewart@eng.utah.edu, Ching Shuen Wang, Sarbjit Kaur, Hui Shao, 
Huaizhong Pan.Department of Bioengineering, University of Utah, Salt Lake City, Utah 
84112, United States 

Sandcastle worms build intertidal, reef-like colonies by gluing together sand grains with 
an undersea bioadhesive. The macromolecular components of the adhesive include at 
least 4 polybasic proteins, a set of polyacidic phosphoproteins, and polyacidic sulfated 
polysaccharides. The adhesive also contains Mg2+, Ca2+, and transition metals. The 
components are packaged and stored in the adhesive gland as pairs of oppositely 
charged macromolecules electrostatically condensed in distinct secretory granules. 
During application, the granules are ruptured and the contents mixed by paddle-ended 
cilia. The adhesive sets, triggered by a pH change, into a solid/liquid foam within 30 s 
after secretion, then is covalently cured by a co-secreted catechol oxidase enzyme 
through crosslinking of catechol sidechains. The natural adhesive inspired the 
development of synthetic underwater adhesives based on associative phase separation 
of oppositely charged polyelectrolytes—complex coacervation. Progress in development 
of adhesive complex coacervates for tissue fixation will be reported. 

COLL 556 

Multi-scale characterization of barnacle adhesive interfaces 



Nick Aldred, nicholas.aldred@ncl.ac.uk, Anthony S. Clare.School of Marine Science 
and Technology, Newcastle University, Newcastle upon Tyne, United Kingdom 

Barnacles have long attracted the attention of antfouling- and bioadhesion-focused 
researchers, however, most activity has been dominated by investigations of adult 
barnacles and their adhesion mechanism. Adult barnacles are specialists in adhering 
tenaciously to all manner of immersed surfaces, making their adhesive proteins 
interesting models for synthetic 'bio-inspired' glues. They are also the obvious 
culmination of the colonization of anthropogenic surfaces in the marine environment 
(biofouling) and are therefore targeted by many contemporary antifouling products. An 
argument can be made, however, that the cyprid, or settlement-stage larva of 
barnacles, is equally important if not more so. The cyprid is supremely adapted for 
selecting and adhering to surfaces that are optimal for growth and survival to adulthood. 
The cyprid has two separate adhesion mechanisms, one temporary and one 
permanent, that are apparently different to the adult adhesion system. Cyprids explore 
surfaces prior to settlement using a pair of stilt-like antennules. The temporary adhesive 
bond produced during this exploration process is tenacious, rapidly reversible and 
mediated by a complex adhesion system involving the morphology of the attachment 
discs, a liquid proteinaceous secretion and specific attachment and detachment 
behaviors. Our research aims to elucidate this system using a diverse range of 
techniques from atomic force microscopy of the temporary adhesive, to high-speed 
photography of attachment behavior and 3D tracking/imaging surface plasmon 
resonance of attachment events. Once a cyprid has selected an appropriate settlement 
site, it attaches permanently. The permanent attachment mechanism is almost entirely 
unknown, however novel insights provided by confocal microscopy-based contact angle 
goniometry of the adhesive on model surfaces suggest that the permanent adhesion 
process is no less complex than that of temporary adhesion. Either of these stages 
would be logical points if intervention for novel, environmentally benign, antifouling 
strategies and improvement of our knowledge surrounding them is therefore paramount. 

COLL 557 

Mechanistic perspective on aquaporin-z incorporated block copolymer 
poly(butadiene-b-ethylene oxide) polymersomes  

Fang He1, fang.he@nus.edu.sg, Yen Wah Tong1, Qiang Cui2.Â  (1) NUS Graduate 
School for Integrative Science and Engineering, National University of Singapore, 
Singapore, Singapore 117456, SingaporeÂ  (2) Department of Chemistry, University of 
Wisconsin, Madison, Madison, Wisconsin 53706, United States 

The aim is to study the mechanistic effects of di-block copolymers in modulating the 
membrane tension and osmotic permeability of polymersomes. By systematically 
modulating the mechanistic effects of the diblock copolymer PBD-PEO in chain packing, 
diffusivity and rigidity of the polymeric chains, we can gain insights into water 
permeation mechanism through the block copolymer bilayer. The osmotic permeability 
through the polymeric bilayer would be retarded in accordance to bending rigidity 



modulus the polymeric bilayer and hydrophobic thickness. The subsequent aim is to 
evaluate the effects of bilayer rigidity and hydrophobic/hydrophilic mismatch on channel 
protein activity, namely Aqp-Z, a novel transmembrane water channel protein  

 
 
 
 

 
 
 



. When situated in different PBD-PEO bilayer, Aqp-Z exhibits distinctive activity profiles. 
This can be attributed by at least two global factors associated with the protein-polymer 
bilayer interaction: (1) hydrophobic/hydrophilic mismatch between Aqp-Z and its 
surrounding polymer bilayer; (2) dissimilar membrane tension in the surrounding 
polymer bilayer. 

COLL 558 

Effects of ethanol on liposome suspensions in water 

Ankush Pal, ankush_pal@iitb.ac.in, P Sunthar, Devang Khakhar.Department of 
Chemical Engineering, Indian Institute of Technology Bombay, Mumbai, Maharashtra 
400076, India 

Effects of addition of ethanol in 150 nm average size large unilamellar liposome 
suspensions are studied primarily using dynamic light scattering. Average liposome size 
decreases as ethanol concentration increases till 20 vol%. Volume fraction of liposomes 
in suspension also decreases with ethanol addition but number density remains 
constant and scaled size distributions of liposomes for different concentrations of 
ethanol are self-similar. These two results together indicate that reduction in size upon 
addition of alcohol is not due to breakage and coalescence of vesicles but as a result of 
shrinkage of each liposome. Diluting liposome suspension containing 20 vol % of 
ethanol by addition of water causes liposomes to nearly regain their original size at that 
concentration; thus indicating the size change is reversible. Cryo - transmission electron 
microscopy and 31P NMR spectra also confirm that liposome size reduces. Structural 
investigation of liposome-ethanol interaction was done by Fourier transform infrared 
spectroscopy. 

COLL 559 

Positively K+-responsive membranes with functional gates driven by host-
guestmolecular recognition 

Zhuang Liu, liuz_scu@gmail.com, Feng Luo, Xiao-Jie Ju, Rui Xie, Tao Luo, Yi-Meng 
Sun, Liang-Yin Chu.School of Chemical Engineering, Sichuan University, Chengdu, 
Sichuan 610065, China 

A novel positively K+-responsive membrane with functional gates driven by host-guest 
molecular recognition is prepared by grafting poly(N-isopropylacrylamide-co- 
acryloylamidobenzo-15-crown-5) (poly(NIPAM-co-AAB15C5)) copolymer chains in the 
pores of porous nylon-6 membranes with a two-step method combining plasma-induced 
pore-filling grafting polymerization and chemical modification. Due to the cooperative 
interaction of host-guest complexation and phase transition of the poly(NIPAM-co-
AAB15C5), the grafted gates in the membrane pores could spontaneously switch from 
“closed” state to “open” state by recognizing K+ ions in the environment and vice versa; 
while other ions (e.g. Na+, Ca2+ or Mg2+) can not trigger such an ion-responsive 



switching function. The positively K+-responsive gating action of the membrane is rapid, 
reversible and reproducible. The proposed K+-responsive gating membrane provide a 
new mode of behavior for ion-recognizable “smart” or “intelligent” membrane actuators, 
which is highly attractive for controlled release, chemical/biomedical separations, tissue 
engineering, sensors, and so on. 

COLL 560 

Stochasticity in E.coli synthetic gene network in response to osmotic stress 

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

Random noise or stochasticity in gene networks contributes to phenotype formation. 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. 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 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 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 almost entirely due to 
intrinsic noise which decreases in the order cfp-yfp>yfp-rfp>cfp-rfp. Differences between 
NaCl and sucrose as solutes were observed and could indicate the participation of 
mechanosensitive ion channels on the membrane wall. Significant results of these 
studies will be presented. 

COLL 561 

Tuning substrate viscoelasticity and patterning in polymer-tethered lipid bilayers 

Daniel E Minner1, dminner@iupui.edu, YuHung Lin2, Vincent L Herring2, Noor 
Hussain2, Amanda P Siegel2, Christoph A Naumann1,2.Â  (1) Integrated Nanosystems 
Development Institute, Indiana University-Purdue University Indianapolis, Indianapolis, 
IN 46202, United StatesÂ  (2) Department of Chemistry and Chemical Biology, Indiana 
University-Purdue University Indianapolis, Indianapolis, IN 46202, United States 

Polymer-tethered lipid bilayers comprised of phospholipids and precisely controlled 
concentrations of physisorbed lipopolymers represent an exciting model membrane 
platform characterized by tunable viscoelastic properties. Lipopolymers have been 
shown to act as diffusion obstacles that manifest as changes in bilayer fluidity. 



Additionally, experiments indicate that elevated lipopolymer densities result in biaxial 
stress leading to the formation of membrane buckling structures that can be linked to a 
membrane's elastic properties. Patterned model membrane architectures can be 
fabricated to exhibit stable lateral gradients in lipopolymer density or sharp boundaries 
between areas of high and low lipopolymer densities. Such patterns can be visualized 
and characterized on the basis of lipopolymer density-specific membrane buckling 
structures using epifluorescence and atomic force microscopy. The ability to precisely 
regulate mechanical attributes potentiates the use of these lipopolymer-lipid 
supramolecular assemblies for a range of applications, including cell substrates capable 
of exploring cellular mechano-sensing. Findings from such applications are discussed. 

COLL 562 

Role of membrane germinant receptors GerH and GerS of Bacillus anthracis on 
invasion of macrophages and cytokine response 

Paola A Pinzon-Arango1, ppinzon@gmail.com, Ramanathan Nagarajan1, Terri A. 
Camesano2.Â  (1) Molecular Science and Engineering Team, Natick Soldier Research, 
Development & Engineering Center, Natick, MA 01670, United StatesÂ  (2) Department 
of Chemical Engineering, Worcester Polytechnic Institute, Worcester, MA 01609, United 
States 

Ger receptors on the membrane of Bacillus anthracis are believed to be only 
responsible for germination of B. anthracis spores; however, the role of Ger-receptors 
on virulence and immune responses of macrophages is poorly understood. 
Macrophages were infected with wild-type B. anthracis 34F2, the gerH+and gerS+strains 
expressing only GerH or GerS receptors, and gernull spores lacking all germinant 
receptors. Germination and growth of spores inside macrophages and their ability to 
elicit a cytokine response were investigated. B. anthracis 34F2 and gerH+ interacted 
strongly with macrophages by germinating and lysing phagocytes. GerS+ and gernull 
mutants failed to germinate and lyse macrophages. However, all strains elicited a strong 
cytokine response suggesting that cytokine expression is due to either the release of 
toxins from vegetative B. anthracis or by macrophage-spore interactions. Our study 
suggests that Ger-receptors on B. anthracis may also be responsible for the cytokine 
response of macrophages after spore-cell interaction. 

COLL 563 

Synthesis of Metalic Nanoparticles on Semiconductor Thin Films 

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

Optically active metal nanoparticles have been of recent and broad interest because of 
their ability to enable high sensitivity enhancements in various optical detection 
techniques.Metal nanoparticle films directly attached at surfaces have the advantage of 



significant optical enhancement arising from small interparticle gaps (e.g. stable hot 
spots) Here, we report snytheis of metallic nanoparticles (Ag or Au) on a semiconductor 
thin films (Ge or Sn) that have uniform and controllable particle size distribution. The 
metallic nanoparticles are obtained by a simple redox procedure on the semiconductor 
surface. Controlling nanoparticle surface coatings in situ for molecular studies for 
Surface Enchanced Raman Spectroscopy and Whispering Galery Mode based 
photonic-plasmonic coupling at ultra-low concentrations (e.g. approaching to single 
molecule) will be reported. 

COLL 564 

Gold Nanorod-Enhanced Light Absorption and Photoelectrochemcial 
Performance of α-Fe2O3 Thin-Film Electrodes for Renewable Energy Conversion 
and Electromagnetic Enhancement Mechanism 

Shanlin Pan, span1@bama.ua.edu, Jue Wang.Department of Chemistry, The 
University of Alabama, Tuscaloosa, Alabama 35406, United States 

We present surface plasmon enhanced light absorption and photoelectrochemical 
performance of α-Fe2O3 thin film electrode modified with well-defined gold nanorods 
(NRs). The photoelectrochemical reaction of the plasmon active substrate for water 
oxidation reaction is performed and compared at various hematite layer thicknesses. 
Pronounced absorption enhancement of α-Fe2O3 in the visible spectra corresponding to 
the surface plasmon of gold is observed. When the bias potential is increased to +0.5 V 
(vs. Ag/AgCl), a plasmon enhancement of the photoelectrochemical reaction of water 
oxidation at wavelengths near the plasmon resonance condition is observed for a thin α-
Fe2O3 film accompanying a dramatic increase in the background double layer charging 
current. The significant increase in photocurrent in the region of surface plasmon 
absorption is attributed to the enhanced visible light absorption of the hematite thin film 
in the presence of the plasmon active gold nanorods. 

COLL 565 

Comparison of photo-degradation of 2,4-dinitrotoulene by silver doped and 
undoped titanium dioxide thin film in the presence of solar and uv light 

Sushil R Kanel1, sushil.kanel.ctr@afit.edu, Changseok Han2, Allie Meyerhoefer3, 
Dionysios D Dionysiou2, Garry Crosson4, Abinash Agrawal5, Ioana Pavel3, Philip H 
Taylor6, Richard Striebich6, Christopher A Impellitteri7, Mark N Goltz1.Â  (1) Department 
of Systems and Engineering Management, Air Force Institute of Technology (AFIT), 
Wright-Patterson AFB, Dayton, OH 45433, United StatesÂ  (2) Department of Civil and 
Environmental Engineering, University of Cincinnati, Cincinnati, OH 45221, United 
StatesÂ  (3) Department of Chemistry, Wright State University, Dayton, OH 45435, 
United StatesÂ  (4) Department of Chemistry and Biochemistry, University of Dayton, 
Dayton, OH 45469, United StatesÂ  (5) Department of Earth and Environmental 
Sciences, Wright State University, Dayton, OH 45435, United StatesÂ  (6) University of 



Dayton Research Institute, Dayton, OH 45469, United StatesÂ  (7) U.S. Environmental 
Protection Agency, Cincinnati, OH 45268, United States 

The photo-degradation of 2,4-dinitrotoluene (2,4-DNT) under illumination of solar light 
and uv in the presence of different amounts of photocatalysts (Ag-TiO2 and TiO2 thin 
films) and different Ag loadings was explored. In this study, silver doped TiO2 (Ag-TiO2) 
and undoped TiO2 nanocrystalline films on glass substrates were prepared by a sol–gel 
method based on the self-assembly technique with nonionic surfactant to control the 
nanostructure. Microscopic and spectroscopic techniques were employed to 
characterize particle size, chemical composition, surface morphology, and the valence 
state of the Ag-TiO2 film. The photocatalytic activity of Ag-TiO2 thin films with different 
Ag loading and catalyst amounts for the degradation of 2,4-dinitrotoluene (2,4-DNT) 
under solar and uv light was evaluated. The degradation of 2,4-DNT followed first-order 
kinetics. There was negligible leaching of silver from the Ag-TiO2 thin film though the 
leaching increased as the total Ag-TiO2 photocatalyst increased. The degradation 
intermediate products of 2,4-DNT were analyzed by high-performance liquid 
chromatography and gas chromatography–mass spectrometry. Results on the role of 
silver loading on the morphology of the silver islands, degradation kinetics, and reaction 
intermediates will be discussed. Reaction pathways will also be presented. 

COLL 566 

Detailed mechanism for the polarization switching of nanorod plasmons 

Jana Olson1, Jana.Olson@rice.edu, Pattanawit Swanglap1, Wei-Shun Chang1, 
Saumyakanti Khatua2, David Solis3, Stephan Link1,3.Â  (1) Department of Chemistry, 
Rice University, Houston, Texas, United StatesÂ  (2) Department of Physics, Leiden 
University, Leiden, Netherlands AntillesÂ  (3) Department of Electrical and Computer 
Engineering, Rice University, Houston, Texas, United States 

We describe and demonstrate an electro-optic material capable of orthogonally 
switching the polarization of the localized surface plasmon resonance (LSPR) scattering 
of single gold nanorods, independent of their orientation. Liquid crystal (LC) samples 
were prepared in a sandwich configuration with electrodes theoretically capable of 
switching the LC 5CB from homogeneous nematic (HN) phase to twisted nematic (TN). 
We provide support for this proposed mechanism via Jones calculus by modelling the 
effect of ideally aligned HN- and TNLC on polarized light using similar physical 
parameters to experiment. The variable χ describes the phase retardation of light 
through the LC cell, and is defined as χ = (2π Δn d)/λ, where Δn is the LC birefringence, 
d is the LC layer thickness, and λ is the LSPR wavelength. We find that the observed 
polarization as a function of the incident polarization can display a positive linear trend 
(when χ ∼ 4π or other even values), a negative linear trend (when χ ∼ 3π or other odd 
values), or a nonlinear trend (when χ ∼ 3.5π or other half-integer values). Furthermore, 
the two linear trends provide the most reproducible orthogonal switching of LSPR 
polarization, and with a high degree of polarization for most output polarizations, with a 
large tolerance for inherent variations in LSPR wavelength and LC sample thickness. 



COLL 567 

Optical field enhancement of single silver nanoparticles studied with two-photon 
photoemission electron microscopy 

Samuel J Peppernick, samuel.peppernick@pnnl.gov, Alan G Joly, Kenneth M Beck, 
Wayne P Hess.Pacific Northwest National Laboratory, Richland, WA 99352, United 
States 

We use two-photon photoemission electron microscopy (2P-PEEM) to image the 
plasmonic response of spherical silver nanoparticles supported on a silver thin film. We 
determine electromagnetic field enhancement by measuring the photoelectron yield of 
the nanoparticles and the surrounding silver thin film. We find that the enhancement 
factors of the nanoparticles are, in some cases, 103 to 105 times greater than the 
photoemission of the bare silver film. We systematically investigate the dependence of 
the photoelectron yield as the diameter of the nanoparticle is varied. We present results 
for nanoparticle diameters of 20, 60, and 120 nm. The size-dependent enhancement 
factors are greatest for the larger particles. We also present a technique that determines 
the electromagnetic enhancement of the nanoparticle on a pixel-by-pixel basis. These 
enhancement factor images of single silver nanoparticles illuminated with femtosecond 
laser pulses (400 nm, ~3.1 eV) demonstrate that the greatest electromagnetic 
enhancement is localized at distinct regions on the surface of the nanoparticle rather 
than being uniformly distributed. Correlated scanning electron microscopy shows that 
local surface imperfections are responsible for the most intense regions of the PEEM 
enhancement factor images. 

COLL 568 

Probing Ground-State Single-Electron Self-Exchange Across a Molecule-Metal 
Interface 

HPeter Lu, hplu@bgsu.edu, Yuanmin Wang, Papatya C. Sevinc, Yufan He.Department 
of Chemistry, Bowling Green State University, Bowling Green, Ohio 43403, United 
States 

We have probed single-molecule redox reaction dynamics of Hemin (Chloride) 
adsorbed on Ag nanoparticle surfaces by single-molecule surface-enhanced Raman 
spectroscopy (SMSERS) combined with spectroelectrochemistry. Redox reaction at the 
molecule/Ag interface is identified and probed by the prominent fluctuations of the 
Raman frequency of a specific vibrational mode ν4, which is a typical marker of the 
redox state of the Iron center in a Hemin molecule. Based on the autocorrelation and 
crosscorrelation analysis of the single-molecule Raman spectral trajectories and the 
control measurements of single-molecule spectroelectochemistry and electrochemical 
STM, we suggest that single-molecule redox reaction dynamics at the Hemin/Ag 
interface is primarily driven by thermal fluctuations. The spontaneous fluctuation 
dynamics of the single-molecule redox reaction is measured under no external potential 



across the molecule-metal interfaces, which provides a novel and unique approach to 
characterize the interfacial electron transfer at the molecule-metal interfaces. Our 
demonstrated approaches are powerful for obtaining molecular coupling and dynamics 
involving in interfacial electron transfer processes. The new information obtained is 
critical for a further understanding, design and manipulation of the charge transfer 
processes at the molecule-metal interface or metal-molecule-metal junctions, which are 
fundamental elements in single-molecule electronics, catalysis, and solar energy 
conversion. 

COLL 569 

Oxidation-resistant Ag nanostructures for ultrastable plasmonic applications 

Ritesh Sachan1, Vanessa Ramos1, Abhinav Malasi1, Brock Bartley1, Hernando Garcia3, 
Gerd Duscher1, Ramki Kalyanaraman1,2, ramki@utk.edu.Â  (1) Department of 
Materials Science and Engineering, The University of Tennessee, Knoxville, Knoxville, 
TN 37996, United StatesÂ  (2) Department of Chemical and Biomolecular Engineering, 
The University of Tennessee, Knoxville, Knoxville, TN 37996, United StatesÂ  (3) 
Department of Physics, Southern Illinois University in Edwardsville, Edwardsville, IL 
62026-1654, United States 

From a fundamental materials perspective, Ag has the largest cross-section for visible 
light plasmonic interaction and amongst the highest surface enhanced Raman signal 
enhancement, even more so then Au. However, despite the fact that Ag is considered a 
noble metal, its surface oxidizes relatively quickly with exposure to ambient air. This 
degradation is deleterious to applications like surface enhanced Raman scattering 
(SERS) and surface plasmon resonance (SPR) sensing. Here we show that oxidation of 
Ag nanoparticles under ambient conditions can be significantly suppressed by 
contacting Ag with immiscible Co nanoparticles. We attribute this oxidation-resistance to 
a nanoscale galvanic coupling effect. Ag-Co bimetallic nanoparticle arrays prepared by 
pulsed laser dewetting self-organization have a sensitivity towards localized plasmon 
resonance sensing that is comparable to pure Ag but with significantly enhanced 
stability that ensures high sensitivity even after six months of storage in air. 

COLL 570 

Molecular Adsorption and Surface Charge Density of Colloidal Gold 
Nanoparticles Studied with Second Harmonic Generation 

Louis H Haber, lhaber@lsu.edu.Department of Chemistry, Louisiana State University, 
Baton Rouge, Louisiana 70803, United States 

Investigations on molecular adsorption and surface charge densities at colloidal gold 
nanoparticle interfaces are important for the development and optimization of 
applications such as plamon-enhanced molecular sensing, catalysis, and photovoltaics. 
Second harmonic generation (SHG), using an ultrafast laser pulse at frequency ω to 



generate light at 2ω, is a powerful technique for studying colloidal nanoparticle surfaces. 
The adsorption isotherm of the dye molecule, malachite green, adsorbing to gold 
nanoparticles in solution is measured using SHG to obtain the adsorbate site density 
and the free energy of adsorption. The surface charge density of colloidal gold 
nanoparticles is determined using SHG under varying salt concentrations. The results 
show excellent agreement with the modified Langmuir isotherm and the modified Gouy-
Chapman models, and indicate that a Stern layer of adsorbed ions, image-charge 
attractions, and the nanoparticle surface curvature are all important considerations for a 
complete understanding of the colloidal gold nanoparticle surface. 

COLL 571 

Disk-on-pillar nanoarrays for sensing 

Kevin L. Shuford, kevin_shuford@baylor.edu.Department of Chemistry, Baylor 
University, Waco, TX 76798-7348, United States 

We present some of the more subtle aspects of how nanoparticles couple to light and 
each other, and how the nature of this coupling can affect the sensing properties of the 
system as a whole. As a first example, we investigate isolated disk-on-pillar structures, 
composed of a silicon pillar covered by thin layers of silica and silver, to understand the 
fundamental optical properties. Next, two-dimensional periodic arrays of these nano-
elements are examined as a platform for surface-enhanced Raman spectroscopy 
(SERS) measurements. This system supports both localized surface plasmons and 
surface plasmon polaritons, whose interaction can be tuned to synergistically enhance 
the electric field resulting in larger SERS signals. Both of these examples highlight the 
importance of understanding the interplay between system components in plasmonic 
sensing applications. 

COLL 572 

Superomniphobic coatings made of magnetic nanostructures 

Anton Grigoryev1, Ihor Tokarev1, Konstantin Kornev2, Igor Luzinov2, Sergiy Minko1, 
sminko@clarkson.edu.Â  (1) Department of Chemistry and Biomolecular Science, 
Clarkson University, Potsdam, NY 13699, United StatesÂ  (2) School of Materials 
Science and Engineering, Clemson University, Clemson, SC 29634, United States 

A robust method for the fabrication of arrays of magnetic nanowires by the combination 
of the porous membrane template method and colloidal lithography has been 
developed. The method allows for the regulation of density and dimensions of Ni 
overhang structures. These materials promise a number of micro- and nanofluidic 
applications involving the transport of microvolumes of liquids, suspensions, and 
particles; microfluidic agitation and mixing; alternation of wetting and adhesion using the 
remote control. 



COLL 573 

Polysaccharide-based responsive nanogels for controlled drug delivery 

Rachel AUZELY-VELTY1, rachel.auzely@cermav.cnrs.fr, Jing Jing1, Emilie HACHET1, 
David Alaimo2, Elly De Vlieghere3, Anna Szarpak1, Christine JEROME2, Bruno De 
Geest3.Â  (1) CERMAV-CNRS, Grenoble, FranceÂ  (2) University of LiÃ¨ge, CERM, 
LiÃ¨ge, BelgiumÂ  (3) Department of Pharmaceutics, Ghent University, Ghent, Belgium 

The emerging importance of nanoparticles in drug delivery applications and the 
demanding needs of materials with biocompatibility and biodegradability have simulated 
efforts for engineering new materials based on new synthetic strategies. In the recent 
past, several advances have been made to synthesize hydrogels confined to micro- and 
nanometric dimensions (called micro- and nanogels).1 Nanogels have properties similar 
to those of their macrogel counterparts with some additional benefits for drug delivery. 
In particular, their dimensions can ensure a rapid response to certain environmental 
stimuli, which is attractive for triggered drug delivery. The development of such systems 
from natural polysaccharides, which are biocompatible and biodegradable polymers, 
requires however well-defined chemical modifications to control the formation of 
hydrogels at the nanometer scale and their stimuli-responsiveness. 

In this regard, we recently developed new approaches for the design of polysaccharide 
nanogels in physiological conditions. Using thiol-ene reactions and the aqueous core of 
liposomes as reaction vessels, we showed the ability to prepare well-defined chemical 
nanogels based on hyaluronic acid that can function as a template for multivalent 
conjugations for the triggered release of hydrophilic drugs. 

Moreover, taking advantage of the ability of hyaluronic acid to specifically interact with 
cancer cells over-expressing the CD44 receptor, we developed HA-based nanocarriers 
for poorly water-soluble anti-cancer drugs using a simple, yet efficient, temperature-
triggered self-assembly process.2 

These new gel particles offer promising platforms for the controlled release of 
hydrophilic or hydrophobic drugs under certain external stimuli (magnetic field, light, 
irradiation, etc.). 

References  

1. A. V. Kabanov, S. V. Vinogradov, Angew. Chem. Int. Ed. (2009), 48, 5418. 
2. J. Jing, D. Alaimo, E. De Vlieghere, C. Jérôme, O. De Wever, B. G. De Geest, R. 

Auzély-Velty, submitted. 

COLL 574 

Hydrogel films consisting of temperature-responsive nanogels as an absorbent to 
capture CO2 reversibly 



Mengchen Yue, mengchenyue@hotmail.com, Yu Hoshino, Yoshiko Miura.Department 
of Chemical Engineering, Kyushu University, Fukuoka, Fukuoka 819-0395, Japan 

It has been reported that aqueous solutions of temperature-responsive nanogel 
particles consisting of poly(N-isopropylacrylamide-co-N,N-
dimethylaminopropylmethylacrylamide) could capture and release CO2 reversibly at a 
small temperature interval. Although, stoichiometric efficiency of the reversible 
CO2capture per amine in the solution was quite high, absolute amount of CO2 per 
volume of absorbent was significantly lower than traditional amine absorbent, because 
concentration of nanogel in the solution was limited. Thus, nanogel solution requires 
high regeneration energy for the reversible use. 

In this research, we report that pNIPAm based hydrogel films work as CO2 absorbent. 
Our data shows that hydrogel films consisting of the temperature-responsive nanogel 
particles reversibly capture CO2 with high stiochiometric efficiency. Effects of phase 
transition, water amount, cosslinker and amine content in hydrogel on CO2 capture 
capacity were investigated. 

COLL 575 

Electrically Debonding Hydrogels of Polyvinylpyrrolidone 

Victor Barinov1,2, vbarinov@poly.edu, Meet Oza2.Â  (1) Department of Applied 
Physics, Polytechnic Institute of New York University, Brooklyn, New York 11201, 
United StatesÂ  (2) Department of Chemical and Biomolecular Engineering, Polytechnic 
Institute of New York University, Brooklyn, New York 11201, United States 

The purpose of this work is to study debonding of polyvinylpyrrolidone hydrogels from 
aluminum surfaces under the effect of electric field. Adhesion strength of physical 
hydrogels to metals is relatively high. The normal load of 50 kPa is necessary to 
disconnect a sample of two aluminum surfaces joined by a 0.3-mm layer of a 
polyvinylpyrrolidone hydrogel. Application of electric field reduces the disconnecting 
load by at least ten times. Currents are observed due to ionization of water. Gaseous 
hydrogen is produced on the cathode interface. Power dissipation is observed in the 
sample. 

This work was supported by funding received through Grand Challenges Explorations, 
an initiative created by the Bill & Melinda Gates Foundation. 

COLL 576 

Control and switching of protein adsorption and cell adhesion by polymer 
brushes made by the “grafting-to” approach 

Petra Uhlmann1, uhlmannp@ipfdd.de, Eva Bittrich1, Ulla König1, Yuichiro Ueda2, Sina 
Burkert1, Klaus-Jochen Eichhorn1, Thomas Hanke2, Manfred Stamm1,3.Â  (1) Leibniz 



Institute of Polymer Research Dresden, Dresden, GermanyÂ  (2) Max bergmann Center 
of Biomaterials, Technische UniversitÃ¤t Dresden, Dresden, GermanyÂ  (3) Physical 
Chemistry of Polymer Materials, Technische UniversitÃ¤t Dresden, Dresden, Germany 

Polymer brushes are a versatile tool to control and switch interfacial properties. By 
composing polymer brushes of two or more specific polymers/ polyelectrolytes a big 
variety of possibilities arises to control the interaction of those surfaces with proteins 
and cells. Using polymers responsive to environmental conditions as pH or temperature, 
the interfacial properties of mixed brushes can be switched. To use this possibility to 
switch protein adsorption too, it is essential to study swelling of complex brush systems 
as well as the mechanism and kinetics of protein adsorption in detail to identify the 
leverage for an adsorption/desorption control. This means to investigate protein 
adsorption on swelling brushes, and also the involvement of buffer components during 
dynamic adsorption processes. Based on this knowledge polymer brush systems were 
chosen to study their interaction with cells, with the aim to show the capability of 
polymer brushes to control cell adhesion and morphology. 

COLL 577 

Smart polymer brushes studied by in situ infrared ellipsometry 

Karsten Hinrichs1, hinrichs@isas.de, Andreas Furchner1, Eva Bittrich2, Igor Luzinov3, 
Sergiy Minko4, Manfred Stamm2, Petra Uhlmann2, Klaus-Jochen Eichhorn2.Â  (1) 
Department Berlin, Leibniz-Institut fÃ¼r Analytische Wissenschaften – ISAS – e. V., 
Berlin, GermanyÂ  (2) Leibniz Institute of Polymer Research Dresden, Dresden, 
GermanyÂ  (3) School of Materials Science and Engineering, Clemson University, 
Clemson, SC 29634, United StatesÂ  (4) Department of Chemistry and Biomolecular 
Science, Clarkson University, Potsdam, NY 13699, United States 

Stimuli-responsive polymer brushes are of high interest for biotechnological and 
biomedical applications. Such brushes are functional surfaces for control of wettability, 
adhesion, friction, protein adsorption, and cell or bacteria growth. In this contribution 
infrared ellipsometric applications [1,2] for in-situ characterization are shown for various 
types of brushes (thicknesses of about 10-20 nm): pH dependent poly(acrylic acid) 
(PAA), mixed poly(acrylic acid)/poly(2-vinyl pyridine) (PAA/PVP), mixed poly(ethylene 
glycol)/poly(acrylic acid-b-styrene) (PEG/PAA-PS) brushes and thermoresponsive 
poly(N-isopropyl acrylamide) brush. The stimuli dependent changes of geometrical and 
chemical structure are discussed as well as the adsorption of proteins at such brushes 
which depends on surface and film properties. For example for PAA mono brushes the 
adsorption and desorption behavior for proteins can be tuned by variation of the pH 
value. 

[1] O. Hoy et al., Adv. Funct. Mater. 20 (2010) 2240–2247, [2] Y. Mikhaylova et al, Anal. 
Chem. 79 (2007)7676-7682 

COLL 578 



Magnetic cellulose nanocrystals: demonstration and properties of organic-
inorganic hybrid system 

Tiina Nypelo1, tenypelo@ncsu.edu, Carlos Rodriguez-Abreu2, José Rivas2, Michael 
Dickey4, Orlando Rojas1,3.Â  (1) Department of Forest Biomaterials, North Carolina 
State University, Raleigh, North Carolina 27695, United StatesÂ  (2) International 
Iberian Nanotechnology Laboratory, Braga, PortugalÂ  (3) Department of Forest 
Products Technology, Aalto University School of Chemical Technology, Espoo, 
FinlandÂ  (4) Department of Chemical & Biomolecular Engineering, North Carolina 
State University, Raleigh, NC 27695, United States 

We developed hybrid materials based on cellulose nanocrystals (CNC) to exploit their 
synergistic properties with magnetic domains. Inorganic nanoparticles were precipitated 
onto the CNCs using precursor salts that led to magnetic functions. In addition to 
particle characterization the magnetic properties of the materials were analyzed. We 
further demonstrate how these hybrid systems can be embedded into a polymer fiber 
mat to produce a magnetic nanocomposite and assess their applicability in magnetic 
separation processes. Together with other properties such as anisotropy, 
piezoelectricity and structuring, we demonstrate the ability for the developed hybrid 
systems to respond to magnetic fields which can open new applications for 
nanocellulose in the areas of responsive materials, optics and electronics. 

COLL 579 

Design, synthesis, and evaluation of novel triblock copolymers incorporating d-
amino acid moieties 

J. Edward Semple, ed.semple@intezyne.com, Brian K. Burke, Tomas Vojkovsky, 
Kevin N Sill.Chemistry, Intezyne Technologies, Inc., Tampa, Florida 33612, United 
States 

Targeted drug delivery utilizing nanoparticle-forming polymeric systems is at the 
forefront of chemistry, biology and materials science. We are investigating a range of 
functionalized triblock copolymers composed of PEG and oligopeptide modules with the 
goal of elucidating superior candidates for encapsulation studies with clinically relevant 
anticancer drugs. 

In this paper, we describe the design and synthesis of novel, tunable mPEG-
oligopeptide triblock polymers (MePEGNH-b-Poly-(crosslinking AA1)x-b-Poly-([d-
AA2]y-co-[l-AA3]z)-NHAc ) that incorporate d-amino acid moieties in the hydrophobic 
core block. The impact of the d-amino acid moiety on physical properties (e.g. CMC, 
solubility, conformation) and formulation utility will be compared to more traditional 
triblock polymers that incorporate all l- amino acid residues. 

COLL 580 



Fabrication of bio-nanofibers into ordered architectures via external magnetic 
field 

Chuanbin Mao, cbmao@ou.edu.University of Oklahoma, United States 

Filamentous biomacromolecules, such as bacteriophage phage and flagella, are ideal 
bionanoparticles for the applications in nanotechnology, nanomedicine, and tissue 
engineering. However, how to control their assembly and surface patterning is still a 
challenge. In this study, we employed cationic magnetic nanoparticles (Fe3O4) to 
interact with ionic bionanoparticles (bacteriophage phage and flagella) and help them to 
assemble and align into ordered assembly with the aid of remote control of magnetic 
fields. We found that cationic magnetic nanoparticles and ionic bionanoparticles were 
associated with each other to form complex nanoparticles, where became ordered 
under the control of applied magnetic field (direction and strength). Such simple, effect 
strategy for bionanoparticles alignment over large areas remotely controlled by the 
external magnetic field is universal and can be applied to align different types of 
bionanoparticles into 2D fibrous arrays and 3D complicated structures on the 
substrates. 

COLL 581 

Thermoresponsive Nanostructures as “Smart” Draw Solutes in Forward Osmosis 

Xianmao Lu, chelxm@nus.edu.sg.Department of Chemical & Biomolecular 
Engineering, National University of Singapore, Singapore, Singapore 

Forward Osmosis (FO) technology has been intensively studied for seawater 
desalination and wastewater treatment. It utilizes the osmotic pressure difference of two 
solutions separated by a semi-permeable membrane to induce spontaneous movement 
of water molecules from the less concentrated solution (feed solution) to the other 
solution (draw solution) while most solutes are rejected by the FO membrane. The 
selection of a suitable draw solute can greatly influence the efficiency of FO. Magnetic 
nanoparticles functionalized with hydrophilic molecules may generate high osmotic 
pressures. Although draw solute based on magnetic nanoparticles can be regenerated 
using magnetic fields, high field strength is generally required. Therefore, we designed a 
new class of “smart” draw solute -- thermoresponsive polymer-functionalized magnetic 
nanoparticles. With the assistance of thermal stimuli-induced aggregation, the 
nanoparticle draw solute can be readily recovered. In this presentation, our recent 
efforts on the fabrication of stimuli-responsive FO draw solutes will be discussed. 

COLL 582 

Can LUV with submicron size be a good model for bio-membrane? 

Kazutami Sakamoto1,2, kasakamoto@cis.ac.jp, Yuji Yamashita1, Kenichi Aburai2.Â  (1) 
Faculty of Pharmacy, Chiba Institute of Science, Choshi, Chiba 288-0025, JapanÂ  (2) 



Faculty of Pure and Applied Chemistry, Tokyo University of Science, Noda, Chiba 278-
8510, Japan 

LUV (Large, Unilamellar Vesicles) is composed of self-assembled phospholipids as an 
enclosed bi-layer with diameter ranging c.a. 100 nm or larger. LUV is often used as a 
model to investigate structures and functions of bio-membrane and further as a vehicle 
for drug delivery. On the contrary, sizes of cells in nature are usually larger than 10 
micron, and GUV (Giant Unilamellar Vecilces) is often used as a model. The objective 
of this study is to compare the physico-chemical properties of LUV and GUV to 
investigate the relevance of LUV utilization as a model of bio-membrane. We have 
found the translocation of Cell-Penetrating Peptides (CPP) into cytosol decreased when 
vesicle become smaller. The result indicates the contribution of lower mobility of lipid 
molecule at small vesicle causing CPP facing resistance to penetrate. Physiological 
meaning of such vesicle size will be further discussed at the presentation. 

COLL 583 

Dioctadecyldimethylammonium bromide/chloride: Monoolein liposomes for 
nucleic acid delivery 

Andreia C Gomes2, agomes@bio.uminho.pt, João P Neves Silva1, Ana C N Oliveira1,2, 
Odete Gonçalves1,2, Ivo Lopes1,2, Maria Elisabete Real Oliveira1, 
beta@fisica.uminho.pt.Â  (1) Centre of Physics, University of Minho, Braga, PortugalÂ  
(2) CBMA - Centre of Molecular & Environmental Biology, University of Minho, Braga, 
Portugal 

One of the most prominent methods for therapeutic gene delivery is lipofection using 
cationic liposomes for the complexation, transport and release of nucleic acids into 
cells. Lipofection vectors are safe to consider for medical purposes as little mutational or 
toxicological risk exist. 

Dioctadecyldimethylammonium Bromide/Chloride (DODAB/C): Monoolein (MO) 
liposomes have recently been reported to successfully promote animal cell transfection. 
The presence of MO, which serves as helper lipid in lipoplex formulations, influences 
the physicochemical properties of DODAB/C:MO liposomes and derived lipoplexes. 
Furthermore, lipoplex characteristics affect the interaction with extracellular 
components, uptake by cells and intracellular trafficking. The high biocompatibility of 
pDNA:DODAB/C:MO lipoplexes further supports this as a new gene therapy vector, 
using MO as new helper lipid in lipofection. 

COLL 584 

Nanobiopolymers: Efficient antimicrobials with membrane disturbant capacity 



Margarida M Fernandes, margarida.fernandes@upc.edu, Antonio Francesko, Joan 
Torrent, Tzanko Tzanov.Department of Chemical Engineering, Universitat Politecnica 
de Catalunya, Terrassa, Spain 

Nanoparticles possess unique physicochemical properties, important for the efficient 
transport through the cell membranes. The small and controllable size, large surface 
area to mass ratio, and high reactivity facilitate the intracellular delivery, thereby 
overcoming some of the limitations in traditional antimicrobial therapeutics. Chemically 
modified biopolymers (thiolated chitosan and aminocellulose) were processed into 
nanoparticles via a one-step sonochemical process and evaluated for their antibacterial 
activity against Escherichia coli and Staphyloccocus aureus. Thiolated chitosan and 
aminocellulose were shown to possess improved antimicrobial properties compared to 
the starting biopolymers and even higher bactericide effect was observed after 
processed into nanoparticles. The mechanistic insights were obtained by Langmuir 
monolayer technique using Escherichia coli phospholipids as membrane models. The 
high cationic character of the modified biopolymers and the obtained spherical structure 
were found to allow efficient interaction with the phospholipid heads and tails, crucial for 
their antibacterial activity and transport through cell membranes. 

COLL 585 

Photodegradable worm-like micelles for controlled drug delivery 

Núria Sancho Oltra, nurias@seas.upenn.edu, Balaaji Valapadi-Bhaskar, Dennis E. 
Discher.Chemical and Biomolecular Engineering, University of Pennsylvania, 
Philadelphia, PA 19104, United States 

Worm-like micelles from degradable amphiphilic block copolymers are particularly 
appealing for drug delivery due to both their increased drug loading capacity and longer 
in vivo circulation times compared to their spherical counterparts.[1, 2] The release of 
encapsulated hydrophobic drugs from these assemblies takes place by slow diffusion 
from the degrading micelles. Controlled release from the assemblies can be in principle 
achieved by the incorporation of stimuli-degradable linkers in the block copolymer. 
Here, we describe the synthesis, assembly and application of a block copolymer 
containing a photolabile linker between the polymeric blocks, poly(ethylene oxide)-L-
poly(ε-caprolactone) (L = photolabile linker) which allows for a spatially and temporally 
controlled degradation. This block copolymer self-assembles into worm-like micelles 
and degrades under UV irradiation at 365 nm. Degradation experiments with near 
infrared irradiation will reveal its broader application in the biomedical field. 

[1] D. A. Christian, S. Cai, O. B. Garbuzenko, T. Harada, A. L. Zajac, T. Minko, D. E. 
Discher, Mol. Pharm. 6: 1343-1352 (2009). 

[2] S.M. Loverde, M.L. Klein, D.E. Discher. Adv. Mat. 24:3823-3830 (2012) 



 

 
 

COLL 586 

Enhancement of cationic lipid - DNA complex properties by gemini surfactants 
and its impact in gene delivery 

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

Cationic lipid-mediated gene delivery constitutes a promising alternative to viral vectors. 
Cationic liposomes interact electrostatically with negatively charged DNA forming 
lipoplexes in which the nucleic acid is compacted and protected from the action of 
nucleases. Controlling the structure of lipoplexes is a critical task, since it determines 
the pharmacokinetics and transfection activity of these gene delivery systems.  

We investigated the effect of condensing plasmids with cationic liposomes containing 
pyridinium cationic lipids developed by our group, in the absence or in the presence of 
increased amounts of pyridinium gemini surfactant. We determined the impact of co-
lipid, its nature and amount used, presence of gemini surfactant and amount used, and 
cationic amphiphile/DNA charge ratio on formation and physicochemical properties of 
corresponding lipoplexes. We will present the interplay of these factors, in a 
comparative study, revealing the advantages conferred by gemini surfactants towards 
formulation and control of lipoplex size, physicochemical and transfection properties. 

COLL 587 

Multivalent Ionic Interactions in Multicomponent Polyelectrolyte Mixtures: From 
New Physics to New Materials 



Matthew Tirrell, mtirrell@uchicago.edu.Institute for Molecular Engineering, University 
of Chicago, Chicago, Illinois 60637, United States 

Highly charged polymer chains in monovalent salt media exhibit a fairly simple range of 
behaviors, swelling in low salt, shrinking in high salt, based on the screening of 
repulsive electrostatic interactions among the segments. In the presence of other 
multivalent constituents, attractive forces arise. These attractions produce strong 
collapse of polyelectrolyte chains, adhesion between polyelectrolyte bearing surfaces, 
precipitation, and in the case of mixtures of oppositely charged polyelectrolytes, 
formation of fluid complex coacervate phases. We have measured the attractive forces 
between layers of polyelectrolyte brushes immersed in multivalent ionic media as a 
function of ionic strength. We have characterized coacervate formation in mixtures of 
model polyelectrolytes. We demonstrate how coacervate formation can be used to 
create new self-assembled materials, such as physically crosslinked hydrogels. 

COLL 588 

Responsive peptide-based triblock and star copolymers for delivery of 
therapeutics 

Jacob G Ray, Ashley J Johnson, Daniel A Savin, daniel.savin@usm.edu.School of 
Polymers and High Performance Mateirals, The University of Southern Mississippi, 
Hattiesburg, MS 39402, United States 

The self-assembly of amphiphilic block copolymers is dictated primarily by the balance 
between the hydrophobic core volume and the hydrophilic corona. In these studies, 
amphiphilic diblock, triblock and star copolymers containing poly(lysine) (PK) and 
poly(glutamic acid) (PE) were synthesized and their solution properties studied using 
dynamic light scattering, circular dichroism spectroscopy and transmission electron 
microscopy. These materials are shown to respond to pH, due in part to the helix-coil 
transition in the peptide chain, but also due to changes in curvature of the assembly at 
the interface. We exploit the responsiveness of these materials to encapsulate and 
release therapeutics such as doxorubicin and demonstrate the potential to achieve 
triggered release as a function of pH due to morphology transitions. 

COLL 589 

Star-polymers as Unimolecular Nanocontainers for Nucleic Acid Complexation 

Antons Sizovs, sizovs@bcm.edu, Jin Wang.Department of Pharmacology, Baylor 
College of Medicine, Houston, TX 77030, United States 

The majority of nucleic acid–polymer complexes are formulated via self-assembly, a 
process that is often difficult to control and thus the desired nanoparticle properties are 
difficult to achieve. To address this issue we have synthesized a series of star polymers 
that act as unimolecular nanocontainers. We are able to precisely control the number of 



short nucleic acids (siRNA, dsDNA) that are complexed by a star polymer and obtain 
even single nucleic acid–single polymer molecule complexes. These well defined star 
polymers are comprised of a cationic core and a neutral brush-PEG corona that insures 
colloidal stability. The nucleic acid–polymer complexes are well defined spherical 
particles with a narrow distribution (TEM, DLS) and are stable in PBS solution for days. 
Synthesis, thorough characterization and the study of the complexation process by 
isothermal titration calorimetry (ITC), Forster resonance energy transfer (FRET) and 
fluorescence correlation spectroscopy (FCS) will be presented. 

COLL 590 

On the pH Responsive, Charge Selective, Polymer Brush-Mediated Transport 
Probed by Traditional and Scanning Fluorescence Correlation Spectroscopy 

Lawrence J Tauzin1, ljt1@rice.edu, Charlisa Daniels1, Edward Foster2, Rigoberto 
Advincula2, Christy Landes1.Â  (1) Department of Chemistry, Rice University, Houston, 
Texas 77005, United StatesÂ  (2) Department of Macromolecular Science and 
Engineering, Case Western Reserve University, Cleveland, Ohio 44106, United States 

The complete and reversible charge-selective sequestration of fluorophores by a weak 
polyelectrolyte brush, poly(2-(dimethylamino) ethyl-methacrylate) (PDMAEMA) was 
examined using Fluorescence Correlation Spectroscopy (FCS). The chemistry and 
thickness of the weak polyelectrolyte PDMAEMA can be tuned reversibly between 
neutral and cationic polymer forms. Thus, by switching the pH successively, the brush 
architecture was tuned to selectively trap and release anionic dye probes, while 
continuously excluding cationic molecules. In addition, line-scan FCS was implemented 
and applied for the first time to a synthetic polymer system, and used to identify a new, 
slower diffusion time on the order of seconds for the sequestered anionic probe under 
acidic conditions. These results, which quantify the selective sequestration properties of 
the PDMAEMA brush, are important because they enable a better understanding of 
transport in polymers, and establish a spectroscopic means of evaluating materials with 
proposed applications in separations science, charge storage/release and 
environmental remediation. 

COLL 591 

Nanostructured multilayer coatings with antibiofilm activity for biomedical 
applications 

Tzanko Tzanov, tzanko.tzanov@upc.edu, Margarida M Fernandes, Caroline 
Gamerith.Department of Chemical Engineering, Universitat Politecnica de Catalunya, 
Terrassa, Barcelona 08222, Spain 

The formation of antibiotic-resistant biofilms on medical indwelling devices poses a 
critical problem for medical care. Controlling the adhesion and proliferation of bacteria 
on these surfaces is necessary to design antimicrobial and antibiofilm materials. 



Acylase and α-amylase are proposed as efficient biofilm inhibitors, according to their 
ability to degrade the gram-negative bacterial quorum sensing signals and the 
exopolysaccharide matrix formed by biofilms, respectively. Nanostructured coatings 
built on medical devices surfaces prone to colonization (i.e. silicone) were produced 
using layer-by-layer (LbL) assembly technique. By alternate deposition of negatively 
charged enzymes and positively charged polyethylenimine a 10 bilayer film was 
assembled on silicone surface, as proven by Fourier transform infrared spectroscopy 
(FTIR) and atomic force microscopy (AFM) techniques. The nanostructured surface was 
found to be stable and bioactive, with improved wettability and antibiofilm properties, 
suggesting that it can be further applied in medical devices to counteract biofilm 
formation. 

COLL 592 

Old & new strategies in mass spectrometric imaging of biomaterials 

Luke Hanley, LHanley@uic.edu.Department of Chemistry, University of Illinois at 
Chicago, Chicago, IL 60607-7061, United States 

Matrix assisted laser desorption ionization (MALDI) mass spectrometry imaging is well 
established for the analysis of biomaterials and mammalian tissue, but suffers from 
various shortcomings including a difficulty in quantification and selective detection. 
Laser desorption vacuum ultraviolet postionization (LDPI-MS) is under development as 
an alternate to MALDI-MS for a variety of surface analysis and biological imaging 
applications including the analysis of antimicrobial surface coatings, bacterial biofilms, 
and animal tissue. LDPI-MS imaging quantification is demonstrated within the context of 
a polyelectrolyte multilayer that slow releases an antibiotic to inhibit early stage biofilm 
growth. While LDPI-MS has utilized nanosecond laser desorption, experiments suggest 
the potential of femtosecond laser desorption for depth profiling. Therefore, a new LDPI-
MS instrument is described that permits three dimensional MS imaging at elevated 
pressure using femtosecond laser desorption combined with VUV postionization. 

COLL 593 

High Throughput Materials Discovery Adventures with Polymer Microarrays 

Morgan Alexander, morgan.alexander@nottingham.ac.uk.School of Pharmacy, The 
University of Nottingham, Nottingham, Nottinghamshire NG7 2RD, United Kingdom 

Polymer micro arrays have proven to be useful tools for the discovery of new synthetic 
materials to guide cell response to man made materials. This high throughput materials 
discovery approach is attractive because, the paucity of understanding of the cell-
material interface hinders the ab initio rational design of new materials. The large 
number of polymer chemistries that can be investigated on a single polymer micro array 
act as a wide net in the search for materials that can achieve a certain cell response. A 
critical component of the materials discovery process is high throughput surface 



characterisation employing chemometrics to handle the large amounts of complex data. 
Using this approach we have identified materials which show promise as substrates for 
pluripotent stem cell culture and coatings which resist bacterial attachment and biofilm 
formation with application in the reduction of medical device centred infection (Hook et 
al. Nature Biotech 2012). 

COLL 594 

Combing multiple surface analysis techniques to determining protein orientation 
on surfaces 

Liney Arnadottir1, liney.arnadottir@oregonstate.edu, Lara J Gamble2.Â  (1) School of 
Chemical, Biological and Environmental Engineering, Oregon State University, 
Corvallis, Or, United StatesÂ  (2) Department of Bioengineering and National ESCA and 
Surface Analysis Center for Biomedical Problems, University of Washington, Seattle, 
WA, United States 

We use well-defined model systems and an array of surface analysis technics to study 
the protein orientation for the adsorbed protein fragments of Fibronectin (FnIII 7-10) on 
three different self-assembled monolayer (C11, COOH, NH2 and CH3 terminated 
SAM's). By combing multi surface analysis techniques and statistical analysis we are 
able to determine the protein orientation. X-ray photoelectron spectroscopy (XPS) is 
used to quantify the amount of protein adsorbed on the surface and time of flight 
secondary ion mass spectrometry (ToF-SIMS) to characterize the orientation and 
conformation of the fragment. Spectroscopy methods are also included for more 
detailed information about bond orientation and the effect of dehydration. ToF-SIMS is 
very surface sensitive, sampling mainly the top portion of the adsorbed protein. 
Differences in amino acid composition for the ToF-SIMS analysis for the same protein 
on different surface can therefore be related to different orientation of that protein on the 
surface. 

COLL 595 

New force-based biosensors: mechanical deformations of soft colloidal hydrogel 
particles to quantify ligand/receptor interactions 

Stephan Schmidt1, stephan.schmidt@mpikg.mpg.de, Daniel Pussak2, Laura 
Hartmann2.Â  (1) Biomaterials, Max Planck Institut fÃ¼r Kolloid- und 
GrenzflÃ¤chenforschung, Potsdam-Golm, GermanyÂ  (2) Biomolecular Systems, Max 
Planck Institut fÃ¼r Kolloid- und GrenzflÃ¤chenforschung, Potsdam-Golm, Germany 

Many biological processes are mediated by ligand-receptor interactions of 
carbohydrates and proteins at interfaces. Although sufficiently sensitive to detect the 
majority of ligand-receptor interactions, standard methods like AFM or SPR pose 
limitations in sensitivity, robustness and handling. We introduce soft, deformable 
colloidal probes (SCPs) exhibiting mechanical deformations upon adhesion at ligand or 



receptor interfaces as new sensing principle (Figure 1). This technique has a number of 
benefits: 1) high sensitivity and selectivity 2) inexpensive and easy to use 3) direct 
insights into colligative binding at biological/bioinspired interfaces. 

 

 
 

As proof of the concept we studied the weak interactions between carbohydrates and 
lectins. The results yield direct insight into binding energies, cooperative binding events 
due to multivalent ligand presentation and indicated enhanced cooperativity as the 
elastic modulus of the hydrogel is decreased. Further, the method allowed to perform 
inhibition affinity assays by addition of various carbohydrate analytes including novel 
neoglycopolymers (Figure 1). 

COLL 596 

Nanofluidic cell for high-resolution, in-liquid transmission electron microscopy 

Christina Mueller1, Maher Harb2, Jason R Dwyer3, jdwyer@chm.uri.edu, R.J. Dwayne 
Miller1,4.Â  (1) Departments of Chemistry and Physics, University of Toronto, Toronto, 
ON M5S 3H6, CanadaÂ  (2) Insight Nanofluidics, Inc., Toronto, ON M5S 1A7, 
CanadaÂ  (3) Department of Chemistry, University of Rhode Island, Kingston, RI 02881, 
United StatesÂ  (4) Department of Physics, Max Planck Research Group for Structural 
Dynamics, Hamburg, Germany 

The capability to routinely perform high resolution transmission electron microscopy on 
samples in their native liquid environments would be a powerful addition to the 
biomedical and materials sciences fields, among others. We present transmission 
electron micrographs from nanoparticle samples imaged through ultrathin (~100nm) 
layers of water. The image resolution and contrast degrade appreciably with increasing 
liquid layer thickness, making control over this parameter vital for achieving high 
resolution. We present a custom nanofluidic cell to deliver a number of unique 
performance features for high resolution electron microscopy. Ultrathin silicon nitride 
windows provide electron transparency while a carefully engineered flow path delivers 
the necessary control over the liquid thickness, along with the ability to reliably flow 



liquid through the cell. We will demonstrate the capabilities of the cell using images of a 
variety of nanoparticle sizes and compositions, taken using different electron energies, 
in addition to different liquid layer thickness. 

COLL 597 

Micro-structural characterization of fibrous collagen hydrogels by two-photon 
fluorescence (TPF) and second harmonic generation (SHG) imaging 

Yu Jer Hwang1, Julia G Lyubovitsky2, julial@ucr.edu.Â  (1) Cell Molecular and 
Developmental Biology, UC Riverside, Riverside, CA 92521, United StatesÂ  (2) 
Bioengineering, UC Riverside, Riverside, CA 92521, United States 

Microstructure of hydrogels is an important design criterion in tissue engineering. Our 
understanding of the effects of physicochemical parameters and cross-linking reagents 
on the modifications of collagen microstructures within 3D hydrogels will be 
summarized. The micro-structures were detected non-destructively with two-photon 
fluorescence (TPF) and second harmonic generation (SHG) imaging. SHG images 
revealed the extent of modifying original microstructures within hydrogels and TPF 
outlined novel optical contrasts. SHG images of 37 °C assembled hydrogels helped to 
identify glyceraldehyde-induced remodeling of the original 5-10 μm long "fiberlike" 
collagen structures to 20 μm and longer aggregated strands. Different behavior took 
place upon cross-linking 27 °C assembled hydrogels with the same chemical. The 
cross-linking and induction of fluorescence took place along and in-between SHG 
generating 60 µm fibrillar clusters. Some newly-formed fluorescent features had no 
corresponding SHG signals in the equivalent optical plane. Findings will be discussed 
with respect to design of fiber-based cellular microenvironments. 

COLL 598 

Adsorption of perdeuterated and protonated proteins at the solid/liquid interface: 
A neutron reflectivity study 

Edward G Latter1, edward.latter@durham.ac.uk, Valerie Laux2, Martine Moulin2, 
Michael Haertlein2, Trevor Forsyth2, Jeffery Penfold1, Robert K Thomas1.Â  (1) 
Department of Physical and Theoretical Chemistry, University of Oxford, Oxford, 
Oxfordshire OX1 3QZ, United KingdomÂ  (2) Institut Laue-Langevin, Grenoble, France 

Neutron reflectivity is a powerful technique for probing adsorbed layers at interfaces. It 
has been used to investigate proteins adsorbed onto a hydrophilic silica surface. A 
comparison was made between the protonated and deuterated forms of HSA & MBP. 
Results show the deuterated proteins to have a higher affinity for the surface with 
adsorption occurring in a 3:1 ratio when from a 1:1 mixture. Likewise, d-MBP displaces 
h-MBP more readily than vice versa in an active exchange process. When investigating 
binary mixtures lysozyme (LYS) dominates when adsorbed from a mixture with h-HSA 
but from a d-HSA & LYS mix both proteins were adsorbed. The marked difference 



between the adsorption of perdeuterated and protonated proteins provides a good case 
study for testing the neutron reflectivity technique when investigating mixed protein 
systems. It shows the impact of deuteration on the physicochemical characteristics of 
the proteins and on the adsorption. 

COLL 599 

Ceria Nanoparticles as Anti-inflammatory Agent in Engineered Articular Cartilage: 
In vitro Raman Microspectroscopy of Single Cells 

Sathish Ponnurangam1, ponnurangam.sathish@gmail.com, Irina Chernyshova1, 
Grace D O'Connell2, Katherine Woods2, Clark T Hung2, Ponisseril Somasundaran1.Â  
(1) Department of Earth and Environmental Engineering, Columbia University, New 
York, NY 10027, United StatesÂ  (2) Department of Biomedical Engineering, Columbia 
University, New York, NY 10027, United States 

One of the main challenges in repair or recovery of articular cartilage is the sustained 
inflammatory damage of the cartilage tissue. The adverse effects can, at least partially, 
be suppressed by administering ceria nanoparticles to the engineered articular tissue 
constructs. However, the relationships between the mechanical properties and 
biochemical characteristics of the constructs from one side and intracellular molecular 
processes from another have been unknown as yet. In this study, we employ in vitro 
Raman microspectroscopy of individual chondrocyte cells in 3D agarose scaffolds to 
find these relationships. We demonstrate the potential of the method in detecting the 
molecular changes in chondrocytes during the in vitro culture in the presence of 
inflammatory cytokine (interleukin-1α) and ceria nanoparticles. We discuss possible 
mechanisms for the observed beneficial effects of ceria nanoparticles. 

COLL 600 

Kelvin Probe Force Microscopy (KPFM) study of the conformational change and 
orientational difference in immobilized Calmodulin (CaM) 

Xiaoning Zhang, xzh239@uky.edu, Yuguang Cai.Department of Chemistry, University 
of Kentucky, Lexington, Kentucky 40506, United States 

Protein arrays fabrication have been extensively used in the bio-sensing and bio-
analysis applications. A key issue in the array technology is to transduce the recognition 
events to readable signals. In our previous work, 1-Cysteine-mutated calmodulin (CaM) 
was immobilization on a mercapto-terminated surface through cysteine-Hg-mercapto 
coupling. Its conformational change was characterized via Atomic Force Microscopy 
(AFM). In this study, Kelvin Probe Force Microscopy (KPFM), which can measure 
surface potential variations during a reaction, was utilized to detect the conformational 
change of CaM to Apo-CaM. Through KPFM characterization, it was also found that the 
immobilized CaM has two different orientations. This orientational difference might have 
an influence on the efficiency and robustness of immobilized CaM on a surface. Our 



results demonstrated that KPFM was capable of detecting the protein conformational 
change, as well as probing the protein orientational difference. 

Reference:  

1. Trajkovic, S.; Zhang, X. ; Daunert, S.; Cai, Y. Langmuir 2011 . 

COLL 601 

Effective steady shear rheology of a viscous emulsion at finite inertia: Reversal of 
normal stress differences 

Kausik Sarkar, sarkar@gwu.edu.Department of Mechanical and Aerospace 
Engineering, George Washington University, Washington, DC 20052, United States 

An emulsion of viscous drops in another viscous liquid displays an effectively non-
Newtonian viscoelastic rheology. Normally, at creeping flow limit, steady shear rheology 
of a viscous emulsion shows positive first and negative second effective normal stress 
differences. Here, we show that in presence of inertia, these normal stress difference 
changes their signs in a small range of parameters. The emulsion is numerically 
simulated using front tracking finite difference method, and the effective rheology is 
computed using volume averaging method using Bachelor's formulation. Both dilute 
(where drop-drop interaction are neglected) and concentrated (up to 25% volume 
fraction) emulsions are considered, and results are discussed in detail comparing with 
analytical theories (Choi-Schowalter and Grmela-Bousmina-Palierne). The unusual 
rheological behaviors in presence of inertia were physically explained using drop 
dynamics. 

COLL 602 

Study of surfactant influence on the low-pH stability of polyolefin dispersions 

Qichun Wan, qwan@dow.com, Matthew Crimmins, Gary Strandburg, Susan Jordan, 
Richard Yan, Mike Hus.Corporate R&D, The Dow Chemical Company, Midland, MI 
48674, United States 

Surfactant-free polyolefin dispersions containing ethylene-octene and ethylene-(sodium) 
acrylate copolymers were created using a mechanical dispersion process. This 
dispersion has a pH of 10.5 and is stable at room-temperature storage. However, it 
becomes un-stable with significantly increased viscosity when the pH is lower than 9.5, 
limiting its applications where a low pH environment is required. The goal of this study 
was to improve the low-pH dispersion stability through formulation approaches by 
addition of surfactants. Zeta potential was employed to systematically study the charge 
densities of different dispersion/surfactant combinations and to predict the colloidal 
stability. The stability of the polyolefin/surfactant mixtures depends on the surfactant 
type and concentration. Polyolefin dispersions with the addition of 10 wt% of the 



identified surfactants were stable even at the pH of 3.5 without agglomeration and the 
mixtures have low viscosity. These results suggest that zeta potential measurement is a 
useful tool to study polyolefin dispersion stability. 

COLL 603 

Impact of complex surfactant layers at fluid-fluid interfaces on coalescence 

Matthew D Reichert, Shelley L Anna, Lynn M Walker, 
lwalker@andrew.cmu.edu.Department of Chemical Engineering, Carnegie Mellon 
University, Pittsburgh, PA 15213, United States 

The dynamics of adsorption of single and multicomponent surfactant mixtures at oil-
water and air-water interfaces has been characterized using a microtensiometer. The 
use of microscale nterfaces allows the transport processes involved in adsorption to be 
analyzed and both diffusion and kinetic parameters characterized. The scale of the 
device allows the bulk solution in contact with the interface to be changed rapidly. We 
are able to remove the bulk surfactant at different points in during the dynamics of 
adsorption by rinsing the interface and continuously replacing the bulk fluid with 
surfactant-free aqueous phase to investigate the reversibility of adsorption. For a bulky 
nonionic surfactant, Tween-80, a critical interfacial tension arises that links the transport 
dynamics to the onset of partial reversibility in the system. By measuring the mechanical 
properties of pre-rinsed and rinsed interfaces, we also find a critical interfacial tension 
that leads changes in the elasticity of the interfaces. This interfacial tension correlates 
well with the critical interfacial tension that indicates the onset of partial reversibility. To 
determine the effects of interfacial elasticity and concentration changes on the stability 
of an emulsion, we bring two surfactant-coated interfaces into contact and monitor 
coalescence times and initial droplet shape profiles. We discuss these coalescence 
results in the context of film drainage, and as drainage time relates to the elasticity of 
the contacted interfaces. The addition of other surface active species, AOT and 
rhamnolipid, is also characterized to determine the impact of these surfactants on the 
reversibility of Tween-80 and on the elasticity of the resulting mixed interfaces. 

COLL 604 

Maximum bubble pressure rheology of organogels 

Kevin A Cavicchi, kac58@uakron.edu, Pengzhan Fei.Department of Polymer 
Engineering, University of Akron, Akron, OH 44325-0301, United States 

Gels are a ubiquitous class of soft materials, where a compound composed primarily of 
a liquid displays solid-like mechanical behavior due to the addition of a gelator. Many 
organic solvents are gelled by the addition of small molecule gelators that crystallize in 
the solution to form a three-dimensional network. Traditional rheological 
characterization of these gels can be hampered by two factors: first, the practical matter 
of dealing with measurements using a volatile organic solvent and second, the 



brittleness of these gels resulting in failure at low strain amplitudes. This talk will discuss 
using the technique of maximum bubble pressure rheology to characterize small 
molecule organogels of 12-hydroxystearic acid in mineral oil. In this measurement an 
air-filled syringe is used to generate a bubble in the gel. Bubble growth is resisted by the 
hydrostatic pressure of the solution, the surface tension of the bubble, and viscoelastic 
resistance of the gel. This results in a maximum pressure during bubble formation, 
which is related to the mechanical properties of the gel, such as modulus and fracture 
toughness. It will be shown that this technique can give an accurate measurement of 
the gel transition temperature and also lends itself well to long-term annealing 
experiments to study the formation and aging of gels. 

COLL 605 

Silicone Emulsions 

Yihan Liu, Yihan.liu@dowcorning.com.Dow Corning Corporation, Midland, MI 48686-
0994, United States 

Silicone emulsions have benne finding increasing utilities in a wide range of 
applications. A patent search in Thomson Reuters' data base (conducted November 6, 
2012) using the key word "emulsion" in title/abstract/claims found 22,317 DWPI families 
among which 2,519 families belonged to silicone emulsions. That is 11%. This talk gives 
first a brief overview of the basic properties of silicone that make these materials 
desirable in the many applications, and then touches on the characteristics of silicone 
emulsions. The second part of the talk focuses on recent understanding of the impact of 
equilibrium phase behavior on emulsification process using silicone emulsion as an 
example. 

COLL 606 

Role of Dispersed versus Solubilized Oil in Aqueous Foam Stability 

Jongju Lee, wasan@iit.edu, Darsh Wasan, Alex Nikolov.Chemical and Biological 
Engineering, Illinois Institute of Technology, Chicago, Illinois 60616, United States 

Three phase foams (i.e., aqueous foams containing an oil phase) have a variety of 
practical applications in such areas as enhanced oil recovery, food foams, and in foams 
containing antifoaming agents. In the present study, we investigated the effects of 
surfactant micelles and the oil type (polar versus non-polar) in dispersed and solubilized 
forms on the stability of aqueous foaming systems. The foam stability was studied by 
the Bartsch test method and the stability of the pseudoemulsion film (that is the film 
formed between an air-water surface and the surface of the oil drop which is 
approaching it). In addition, we studied the effect of oil solubilized in the surfactant 
micelles on foam stability. We measured the second virial coefficient of solutions 
containing swollen micelles to quantify the micellar interactions. We found that the 



relative importance of dispersed oil versus solubilized oil in foam stability largely 
depends on the stability of the pseudoemulsion film and the second virial coefficient. 

COLL 607 

Cerato ulmin, how stable is it? Light scattering studies of cylindrical bubbles. 

Wayne Huberty, whuber3@tigers.lsu.edu, Paul Russo.Chemistry, Louisiana State 
University, Baton Rouge, Louisiana 70806, United States 

Cerato ulmin (CU), a class II hydrophobin, has unique properties; specifically, CU forms 
rod-like bubbles in solution. This is contrary to “normal” spherical bubbles that minimize 
the surface energy. Optical microscopy studies have shown CU is capable of 
encapsulating hydrophobic dyes in aqueous solution while keeping the rod-like 
structures. Microbubbles and nanometer scale structures are also present. While static 
light scattering experiments have probed the size of these structures in ethanol/water 
solutions, the stability has not been investigated. In this research, stability of CU in 
water is observed using dynamic light scattering. Time, temperature, height in the 
scattering cell and concentration were altered, and the resultant correlation functions 
were analyzed to explore the stability and size range of structures present. Supported 
by the Gulf of Mexico Research Institute. 

COLL 608 

In situ light scattering of shear induced destabilization of emulsion droplets 

Kanwarjeet Kaur, mcorredi@uoguelph.ca, Clarisse Lebrun Loupot, Milena 
Corredig.Food Science, University of Guelph, Guelph, Ontario N1H 2W1, Canada 

A novel system was employed to determine the aggregation behaviour of emulsion 
droplets in situ while sheared in a rheometer. Tetradecane (15% v/v) emulsions 
stabilized with 1% sodium caseinate were sheared at various shear rates up to 1000 1/s 
using a rheometer. The light scattering signal was measured, undiluted using a 
backscattering geometry. Changes in the viscosity of the emulsions were measured in 
parallel to light scattering. The colloidal properties after shear were also measured using 
transmission diffusing wave spectroscopy (with no dilution) and conventional light 
scatttering (after extensive dilution). The set up clearly showed the differences in the 
flocculation behaviour of the emulsions, induced by addition of calcium or small 
molecular weight emulsifier, Tween 20. The results demonstrated how measuring 
changes in situ may help in fine tuning formulations and processes to obtain optimal 
stability. 

COLL 609 

Phase behavior and properties of the oil-in-water emulsions stabilized by 
carboxymethylated and acetylated lignins 



Shuai Li1, sli21@ncsu.edu, Maryam Mazloumpour2, Julie Willoughby2, Orlando J 
Rojas1.Â  (1) Department of Forest Biomaterials, North Carolina State University, 
Raleigh, NC 27606, United StatesÂ  (2) College of Textiles, North Carolina State 
University, Raleigh, NC 27695, United States 

We take advantage of the amphiphilic properties of lignin and its calorific value to 
develop added value applications in the form of oil-in-water emulsions. Industrial Kraft 
and organosolv lignins were modified by carboxymethylation and acetylation in order to 
tune their hydrophilic and hydrophobic characters, respectively. The degree of 
substitution was controlled by the reaction conditions. The extent of substitution was 
determined by 13C NMR which indicated lignins with various affinities to the aqueous 
and oil phases as measured by solubility, surface tension, pseudo-CMC, etc. As a 
proof-of-concept, we used kerosene (equivalent alkyl carbon number of 12) as the oil 
phase. The salinity and pH of the aqueous phase were varied as formulation variables 
in different Winsor types of systems which were emulsified using standard protocols. 
We relate the results from phase behavior to the nature and stability of the emulsions in 
O:W ratios ranging from 2:8 to 8:2. 

COLL 610 

Ostwald ripening of nanoparticle systems 

Robert K Prud'homme, prudhomm@princeton.edu.Chemical and Biological 
Engineering, Princeton University, Princeton, NJ 08540, United States 

Ostwald Ripening, the interfacial-energy-driven dissolution and re-precipitation of 
solutes, becomes a significant problem for the stability of nanoparticle formulations. At 
nanometer length scales interfacial energy and curvature become significant relative to 
bulk solubility. While the phenomenon is known to be important, we present the first 
quantitative study of Ostwald ripening for nanoparticle dispersions. The Lifshitz, Slyozov 
and Wagner (LSW) theory of particle growth driven by diffusion is applied to study b-
carotene-loaded nanoparticles with sizes of O(100 nm) formed by our block-copolymer 
protected Flash NanoPrecipitation process. A numerical implementation of the theory 
that accounts for the original particle size distribution is presented. As parameters, the 
model requires: the bulk solubility and diffusion coefficient of the solute, interfacial 
tension between the dispersed phase and solvent, and the initial particle size 
distribution. These parameters are all independently measured. The predicted particle 
sizes from the numerical simulation are compared with the experimental results 
measured by Dynamic Light Scattering (DLS). The results show quantitative agreement 
with no adjustable parameters. The addition of anti-solvent results in the reduction of 
the ripening rate by dramatically decreasing bulk solubility. A 40 fold decrease in the 
bulk solubility is shown to reduce the initial rate of particle growth 10 fold. 

COLL 611 

Simulations of micellization of ionic surfactants 



Athanassios Z. Panagiotopoulos, azp@princeton.edu.Department of Chemical and 
Biological Engineering, Princeton Univ., Princeton, NJ 08544, United States 

This presentation focuses on self-assembly of ionic surfactant into micelles, using 
molecular simulation methods. We have developed implicit-solvent ionic surfactant 
models and have used them in Grand Canonical Monte Carlo simulations to investigate 
the critical micelle concentration, aggregation number and micellar shape in the 
presence of explicit salt. Explicit-solvent models have also been studied, using GPU 
computing to reach the microsecond time scales necessary for equilibration. We 
present evidence that the free surfactant concentration is much lower than the cmc for 
strongly micellizing systems at the relatively high concentrations accessible by 
simulations. Thus, one must account for counterion association and extrapolate with 
respect to overall surfactant concentration when determining the CMC from the raw 
simulation data. 

COLL 612 

Understanding structural transitions in micelles through molecular simulations 

Maria Sammalkorpi, maria.sammalkorpi@aalto.fi.Department of Chemistry, Aalto 
University, Helsinki, Finland 

Surfactants are important interfacial agents in many biological and industrial systems. 
Their self-assembly and versatility of the aggregates lies at the heart of all biological 
membrane, vesicle and micelle formation, and many industrial solubilization processes. 
While biologically and industrially extremely important, surprisingly little is known about 
molecular details of the self-assembly of surfactants and the dynamics of the formed 
structures. In this talk, I present the results of our detailed molecular dynamics 
simulations on micellar aggregate structure and dynamics. In particular, I concentrate 
on structural transitions driven by ionic strength of the solution. The results include 
detailed description of anionic micelle fission, packing and unpacking (structural 
changes) in the micelles brought forth by differences in the ionic strength of the solution, 
and surfactant structure dependent control of micellar surface coatings for aqueous 
dispersion. 

[1] S. Sanders, M. Sammalkorpi, and A. Z. Panagiotopoulos, J. Phys. Chem. B 116, 
2430 (2012). 

[2] M. Sammalkorpi, S. Sanders, A. Z. Panagiotopoulos, M. Karttunen, and M. Haataja, 
J. Phys. Chem. B 115, 1403 (2011). 

[3] M. Sammalkorpi, M. Karttunen, and M. Haataja, J. Phys. Chem. B 113, 5863 (2009). 

[4] M. Sammalkorpi, M. Karttunen, and M. Haataja, J. Am. Chem. Soc. 130, 17977 
(2008). 



[5] M. Sammalkorpi, M. Karttunen, and M. Haataja, J. Phys. Chem. B 111, 11722 
(2007). 

COLL 613 

Molecular simulations of surfactant micellization: A direct comparison with 
scattering experiments 

Arben Jusufi, arben.jusufi@csi.cuny.edu.Department of Chemistry, College of Staten 
Island - The City University of New York, New York, NY 10314, United States 

The modeling of self-assembly phenomena of amphilic molecules through molecular 
simulations is a challenging task due to the long time scales (>1µs) and low critical 
micelle concentrations (cmc) that typically lie below 10mM. A recently developed implicit 
solvent surfactant model allows to overcome these problems. It will be demonstrated 
that the model yields realistic results in terms of the cmc and the aggregate size for 
various ionic and non-ionic surfactant types. A particular focus lies on structural 
correlations of micelles. Scattering intensities of micelles consisting of 
trimethyltetradecylammonium bromide (TTAB) surfactants are calculated and directly 
compared with data obtained from anomalous small-angle X-ray scattering experiments 
utilizing synchrotron radiation facilities. The simulations reveal fluctuation effects of 
micelles mainly caused by the counterions. The TTAB study provides an excellent show 
case for the capability of combining molecular simulations and scattering experiments to 
properly analyze shape and correlation properties of self-assembling amphiphilic 
compounds. 

COLL 614 

Hydrophobic interactions between Sodium dodecyl Sulfate surfactants and 
Polyethylene Oxide (PEO) and Polyvinyl Pyrrollidone (PVP) Studied by Molecular 
Dynamics Simulations 

Lalitanand N Surampudi, lsurampu@tulane.edu.Department of Chemical and 
Biomolecular Engineering, Tulane University, New Orleans, Louisiana 70118, United 
States 

We analyze and compare the polymer-surfactant aggregation phenomenon by looking 
at the interactions between the anionic sodium dodecyl sulfate (SDS) surfactant and two 
non-ionic polymers – poly-(ethylene oxide) (PEO) and poly-(vinylpyrolidone) (PVP). We 
simulated a 64 monomer SDS micelle along with 30 monomers of PEO and PVP chains 
solvated in water molecules. In both cases the polymer chain adsorbs on the 
hydrophobic regions of the SDS micelle surface supporting the beaded necklace model. 
The association of hydrophobic regions in the polymer and micelle suggest that the 
hydrophobic effect is the driving force for association. The sulfur-sulfur radial distribution 
function plots for neat SDS, SDS+PEO, SDS+PVP systems shows that the headgroups 
are more tightly packed upon saturation of the micelle. We also focus on studying the 



effect of temperature on the micellar properties of SDS in the presence of PEO and 
PVP in the temperature range of 270-370K. 

COLL 615 

Molecular mechanisms of micelle-nanoparticle complex formation 

Abhinanden Sambasivam, Radhakrishna Sureshkumar, 
rsureshk@syr.edu.Department of Biomedical and Chemical Engineering, Syracuse 
University, Syracuse, NY 13244, United States 

Self-assembly of metal nanoparticles with cationic cylindrical surfactant micelles is 
known to produce stable nanogels with tunable optical properties [1]. Coarse Grained 
Molecular Dynamics simulations based on methodologies developed recently [2-4] are 
performed to explore the molecular mechanism underlying this self-assembly process. It 
is observed that nanoparticles encapsulated in a surfactant corona or vesicle are 
capable of forming stable junctions with cylindrical micelles primarily though an end cap 
opening mechanism. The energetics of the micelle-nanoparticle bridging process and 
the effect of flow shear on the stability of the bridges will be discussed. 

References  

1. T. Cong, S. N. Wani, P.A Paynter & R. Sureshkumar, Applied Physics Letters, 99, 
043112 (2011) 

2. A. V. Sangwai & R. Sureshkumar, Langmuir, 27(11), 6628 (2011) 

3. A. V. Sangwai & R. Sureshkumar, Langmuir, 28(2), 1127 (2012) 

4. S. Nangia & R. Sureshkumar, Langmuir, DOI: 10.1021/la303449d (2012) 

COLL 616 

Tablet-Shaped Micelles: A Novel Approach to Rationalize the Growth Behavior of 
Surfactant Micelles 

Magnus L Bergström, magnusbe@kth.se.Department of Chemistry, KTH Royal 
Institute of Technology, Stockholm, Stockholm SE-100 44, Sweden 

The conventional view on surfactant micellar growth considers the micelles as small 
spheres that grow exclusively in the length direction to form spherocylindrical micelles. 
The spherocylindrical model predicts that all surfactants show a more or less identical 
growth behavior with respect to surfactant concentration. Such behavior is, however, 
not consistent with experimental results. For instance, Gemini surfactants with a short 
spacer group frequently show a considerable growth behavior, with the aggregation 
number nearly proportional to surfactant concentration, whereas Gemini surfactants 



with a longer spacer group change aggregation number only slightly with concentration. 
On the other hand, the different growth behaviors may be rationalized by means of 
considering the micelles shaped as triaxial tablets. According to this view, micelles that 
grow almost exclusively in the length direction may change aggregation number 
considerably whereas micelles that grow with respect to both width and length display a 
more modest change of aggregation number. 

COLL 617 

Micelle Breakdown via a Fusion Mechanism 

Ian M. Griffiths2, Daniel M. Colegate1, Colin D. Bain1, c.d.bain@durham.ac.uk.Â  (1) 
Department of Chemistry, Durham University, Durham, United KingdomÂ  (2) 
Mathematical Institute, Oxford University, Oxford, United Kingdom 

The classical model for breakdown of surfactant micelles involves the sequential loss of 
individual monomers from the micelle and is governed by a set of equations known as 
the Becker-Döring equations. Calculations of the breakdown rate of non-ionic micelles 
of the family CnEm yield micelle lifetimes many orders of magnitude longer than those 
observed experimentally. An alternative model for micelle breakdown is presented that 
involves the fusion of micelles to form a 'supermicelle' followed by sequential monomer 
loss to regenerate a single 'proper' micelle. A single mathematical model has been 
developed that incorporates the Becker-Döring mechanism as a subset of the model 
and the conditions under which micelle fusion plays an important role is evaluated. 

COLL 618 

Key Features of TiO2-based Nano-architectures for CO2 Conversion 

Kimberly A Gray, k-gray@northwestern.edu.Department of Civil & Environmental 
Enginering, Northwestern University, Evanston, IL 60208, United States 

The global potential of solar energy is vast, but we currently tap only minor amounts to 
meet our ever-growing energy demand. Photocatalytic conversion of radiant to chemical 
energy provides a variety of possibilities for local, off-the-grid energy. The major 
obstacle, however, is the lack of catalysts that can efficiently couple abundant solar 
energy with a reducing agent such as water to cleave the C-O bonds in CO2 and form 
C-H bonds in products. Ideally, this goal requires a multifunctional catalyst that can 
separate the many functions of light harvesting, charge separation, and CO2 activation 
to facilitate proton coupled electron transfer to produce high-energy products 
selectively. A variety of TiO2-based nanocomposite materials have been synthesized 
and characterized to reveal salient structural and chemical features (e.g., reduced metal 
centers, oxygen vacancies, preferred crystal facet orientation, undercoordinated surface 
sites, various interfacial geometries) critical to tackling the many challenges of artificial 
photosynthesis. 



COLL 619 

Photocatalytic Conversion of CO2 in Water over Layered Double Hydroxides 
(LDHs) 

Kentaro Teramura, teramura@moleng.kyoto-u.ac.jp, Tetsuya Shishido, Tsunehiro 
Tanaka.Department of Molecular Engineering, Kyoto University, Kyoto, Kyoto 615-8510, 
Japan 

Conversion of the greenhouse gas CO2 into carbon and useful carbon sources such as 
CO, HCOOH, HCHO, CH3OH, and CH4 is a potential method of solving energy and 
environmental problems. Photocatalytic conversion of manmade CO2 is attractive from 
the viewpoint of sustainable energy production and greenhouse gas reduction. Our 
group found that CO is generated in the photocatalytic conversion of CO2 over ZrO2, 
MgO, ATaO3 (A = Li, Na, and K), and Ga2O3, which have the properties of solid base 
catalysts, in the presence of H2 or CH4 (reductant). CO2 can be adsorbed on a solid 
base, indicating that solid bases determine, alter, and control the structure of CO2 on 
their surface. However, these oxides did not function as a photocatalyst in water. 
Layered double hydroxides (LDH) are synthetic or natural crystalline clays that consist 
of brucite (Mg(OH)2)-like positively charged two-dimensional sheets in which some 
divalent cations such as Mg2+ are substituted by trivalent cations; further, water and 
exchangeable charge-compensating anions are present in the interlayer. Mg-Al LDH 
catalyzes the aldol reaction of carbonyl compounds in aqueous solution because of the 
high water tolerance of the surface base sites. In this study, we carried out the 
photocatalytic conversion of CO2 in water in the presence of various LDHs. 
Considerable amounts of CO and O2, which were probably derived from CO2 and H2O, 
were obtained in the photocatalytic conversion of CO2 over various LDHs in water, but a 
simple metal hydroxide, which has the constituent elements of the LDH, showed low 
activity for CO and O2 evolution. 

COLL 620 

Operando and in-situ studies of bimetallic catalysts 

Franklin (Feng) Tao, ftao@nd.edu.University of Notre Dame, United States 

Bimetallic catalysts play important roles in chemical transformation and energy 
conversion processes. Bimetallic nanocatalysts such as Pd-Zn and Ni-Ga with a single 
phase were prepared. Catalytic performances of Pd-Zn and Ni-Ga catalysts with 
different compositions for production of hydrogen from methanol were measured. A 
composition-dependent catalytic selectivity was revealed in these alloy catalysts. 
Operando studies identified their active surface composition at different reaction 
conditions. A correlation between surface chemistries and their catalytic performances 
was built. In addition, CO oxidation on Pd-Cu and Pt-Cu nanocatalysts with well 
controlled composition and structure were studied. Operando studies of surface 



composition of different Pd-Cu and Pt-Cu catalysts shows that tuning surface 
composition can optimize catalytic performances in CO oxidation. 

COLL 621 

Tailoring Cu valence and oxygen vacancy in Cu/TiO2 nanocomposites for 
enhanced CO2 activation and photoreduction 

Lianjun Liu, liul@uwm.edu, Ying Li.Department of Mechanical Engineering, University 
of Wisconsin-Milwaukee, Milwaukee, WI 53211, United States 

The incorporation of Cu species in TiO2 photocatalysts is very beneficial in 
photocatalytic CO2 reduction to fuels, but the effect of Cu valence is not clear. When 
preparing reduced Cu species on TiO2 in a reductive atmosphere, surface defects such 
as oxygen vacancies may be created concurrently. However, no work has investigated 
the potential synergies between Cu and the defects on TiO2 for CO2 activation and 
photoreduction. In this research, we fabricated defective Cu/TiO2-x nanocomposites with 
tailored Cu species (Cu2+, Cu+, or Cu+/Cu0 mixture) through thermal treatment in H2 or 
He environment. We measured the rates of CO2 reduction and correlated the catalytic 
activity with reaction intermediates observed from in situ diffuse reflectance infrared 
Fourier transform spectroscopy (DRIFTS). It was found that Cu/TiO2 with a defect-
dominated surface exhibited much higher activity than that with a defect-free surface. 
CO2

− species, generated upon an electron attachment to CO2, are spontaneously 
dissociated into CO on defective Cu+/TiO2-x at room temperature even in the dark. This 
dissociation process is to a large extent associated with the surface oxygen vacancies 
that provide not only an electronic charge (Ti3+), but also the sites for the adsorption of 
oxygen atoms from CO2. In addition, the mixture of Cu+/Cu0 induced by H2-reduction 
seemed to be more active in charge separation than Cu+ species alone induced by He-
pretreatment, thus resulting in a higher activity for CO2 photoreduction. The surface 
chemistry explored is of great significance to the design of efficient photocatalyst and to 
the understanding of CO2 reduction mechanism. 

COLL 622 

New Strategies for the Catalytic Reduction of CO2 

Ronny Neumann, Ronny.Neumann@weizmann.ac.il.Department of Organic 
Chemistry, Weizmann Institue of Science, Rehovot, Israel 

Various strategies for the photoreduction of carbon dioxide will be presented. 

1. Reduction with hydrogen. A phenanthroline ligand decorated at the 5,6 position with a 
15-crown-5 ether was used to prepare a metallorganic-polyoxometalate hybrid complex 
ReI(L )(CO)3CH3CN–MH2PW12O40 (L = 15-crown-5-phenanthroline, M = Na+, H3O+). X-
ray diffraction, 1H and 13C NMR, ESI-MS, IR and elemental analysis were used to 
characterize this complex. In the presence of Pt/C, the polyoxometalate moiety in ReI(L 



)(CO)3CH3CN–MH2PW12O40 can oxidize H2 to two protons and two electrons which in 
the presence of visible light can catalyze the photoreduction of CO2 to COwith H2 as the 
reducing agent instead of the universally used amines as sacrificial reducing agents. An 
EPR spectrum of a stable intermediate species under reaction conditions shows 
characteristics of a PWVWVI

11O40 and a Re0 species with a tentative assignment of the 
intermediate as Re0(L )(CO)3(S)—MH3PWVWVI

11O40. 

2. Reduction with water. A similar hybrid compound based on a ruthenium(II) bipyridine 
complex decorated with a crown ether that complexes the photoactive PW12O40

3– 

polyoxometalate was prepared. Support of this compound onto a titanium-silicate 
support allowed the photoreduction of CO2 to CO with UV light. 

3. Photocatalytic splitting. As prelude to the possibility of photocleavage of CO2 to its 
components, CO and O2, the catalytic photocleavage of isostructural CS2 to S8 and a 
(CxSy)n polymer with visible light was studied. A dinuclear ruthenium(II) compound with 
a bipyridine units for photoactivity and a vicinal tertiary amine binding site for improved 
CS2 activation was prepared and characterized by X-ray diffraction, 1H NMR, 13C NMR, 
ESI-MS and elemental analysis. A significant amount of CS2 underwent a 
photocleavage reaction (220 turnovers, 20 h) to yield isolable S8 and a (CxSy)n polymer. 
A mononuclear catalyst or one without an amine binding site showed significantly less 
activity. 

COLL 623 

Enhanced Photocatalytic Reduction of CO2 to Hydrocarbon Fuels via Plasmon-
Enhanced Absorption 

Steve Cronin, scronin@usc.edu.Departments of Electrical Engineering, Chemistry, and 
Physics, University of Southern California, Los Angeles, CA 90089, United States 

We present a systematic study of mechanisms of Au nanoparticle/photocatalytic 
semiconductor-catalyzed photoreduction of CO2 and water vapor over a wide range of 
wavelengths (254nm, 365nm, 532nm, 633nm). When the photon energy matches the 
plasmon resonance of the Au nanoparticles (free carrier absorption), we observe a 
significant enhancement in the photocatalytic activity due to the intense local 
electromagnetic fields created by the surface plasmons of the Au nanoparticles. These 
intense electromagnetic fields enhance absorption in the photocatalytic semiconductor, 
thereby enhancing the photocatalytic activity in the visible range. We use 13CO2 
isotopes in order to verify the origin of carbonaceous species (i.e., CH4) produced by 
the catalytic process. We model the plasmon excitation at the Au nanoparticle-
photocatalytic semiconductor interface using finite difference time domain (FDTD) 
simulations, which provide a rigorous analysis of the electric fields and charge at the 
interface. 

COLL 624 



Heterostructured photocatalysts for efficient visible light CO2 conversion 

Congjun Wang, congjun.wang@netl.doe.gov.National Energy Technology Laboratory, 
Pittsburgh, PA 15236, United StatesURS Corporation, South Park, PA 15129, United 
States 

As the evidence of global climate change becomes ubiquitous, there is a pressing need 
to mitigate the negative impacts of fossil energy consumption, of which CO2 emission is 
the major concern. Photocatalytic reduction of CO2 offers a promising solution because 
it not only reduces the amount of CO2 released to the atmosphere, but also converts the 
green house gas into useful chemicals and fuels, such as methane, CO, methanol, etc. 
Despite the great promise of this strategy, the artificial photocatalytic CO2 reduction is 
highly inefficient and impractical. One of the challenges is that metal oxide based 
photocatalysts are incapable of utilizing visible and near infrared photons for 
photocatalysis. We have developed various heterostructured photocatalysts which 
exploit the attractive optical properties of semiconductor and metal nanocrystals to 
sensitize wide band-gap metal oxide catalysts. These hesterostructured photocatalysts 
have shown CO2 reduction activity deep into the red tails of the visible spectral region. 
Mechanisms of different types of heterostructured photocatalysts will be discussed. Our 
most recent effort in developing methods for plasmon-assisted photocatalysis 
applications will also be described. 

COLL 625 

Detection of drug-membrane and drug-protein interactions via surface second 
harmonic imaging and spectroscopy 

John Conboy, conboy@chem.utah.edu.Department of Chemisty, University of Utah, 
Salt Lake City, Utah 84112, United States 

Drug-membrane interactions play a crucial role in the pharmacology and biological 
activity of drugs. The equilibrium of a drug molecule between plasma and the cellular 
membrane has historically been modeled by bulk phase partitioning, usually between 
water and 1-octanol. On a fundamental level, the thermodynamics of a lipid membrane, 
which is comprised of a bilayer of lipids ~50Å thick, cannot adequately be modeled by 
the bulk thermodynamic properties of a homogenous liquid phase. The measurement of 
drug association to lipid membranes has conventionally been measured by 
fluorescence and other spectroscopic methods. However, a main disadvantage of 
fluorescence labeling of drugs is that the introduction of fluorophores will change the 
molecules physical properties, such as charge, hydrophobic or hydrophilic character 
and structure. To circumvent these problems, we have developed a novel from of 
second-harmonic (SH) microscopy in conjunction with 2-D lipid bilayer arrays for the 
high-throughput, ultra-sensitive and label-free detection of small-molecule drug 
association to lipid membranes.  

COLL 626 



Interaction of carbon dioxide and water with amine-grafted silica surface: a 
molecular modeling study 

Aleksey Vishnyakov1, avishnja@rci.rutgers.edu, LiJun Chen2, Aatto Laaksonen2.Â  (1) 
Chemical & Biochemical Engineering, Rutgers University, Piscataway, NJ 08536, 
United StatesÂ  (2) Arrhenius Laboratory, Stockholm University, Stockholm, Sweden 

Using a combination of classical and ab initio modeling methods, we study adsorption of 
carbon dioxide on amorphous silica grafted with propylamine chains at moist conditions 
that may be found in post-combustion gases. We constructed a 3nm thick hydrophilic 
silica slab that represents a solid wall separating pores of mesoporous siliceous 
materials. Then the surfaces were grafted with amine groups and surface heterogeneity 
was characterized through adsorption of argon, carbon dioxide and water, which serve 
as a standard probe molecules. 

With the model constructed, we explored the mechanisms of sorption and diffusion of 
carbon dioxide and water. We model physisorption and chemisorption aspect 
separately, using classical and ab initio tools, respectively, and consider different 
sorption mechanisms leading to formation either carbamates or bicarbonates. 
Carbamate for,ation requires two, and bucarbonate one amine groups per CO2 
molecule. We assumed that chemisorption mechanism depends on both (1) energies 
and barriers of CO2 reaction with the grafted amines and water (2) typical molecular 
arrangements of the reactants at the surface that may trigger a particular reaction 
scenario, since the initial states for carbamate and bicarbonate are different. Our 
simulation predict that carbamate formation is preferential from both physisorption and 
chemisorption point of view. Bicarbonate scenario may be favorable only at high level of 
water sorption, which, as our analysis of published experimental data shows, is hardly 
achievable at practical conditions on amine-doped silica. 



 

 
 

COLL 627 

Connecting structural defects and optical properties of core-shell Quantum Dots 
induced by interfacial lattice strain 

Benard Omogo1, bomondi@uark.edu, Mourad Benamara2, Colin D Heyes1.Â  (1) 
Department of Chemistry and biochemistry, University of Arkansas, Fayetteville, Ar 



72701, United StatesÂ  (2) Institute of Nanoscale Materials and Engineering, University 
of Arkansas, Fayetteville, Ar 72701, United States 

Type I core-shell quantum dots are continuing to receive great interest due to their 
superior optical properties compared to other types of fluorophores. High quantum 
yields and high photostability are easily achievable when the core material is coated 
with a higher-bandgap shell material which confines the excitons to the core and 
decreases charge carrier trapping at the surface. However, the shell material shows 
different lattice parameters from the core, thereby introducing interfacial lattice strain, 
which depends on both the material and its thickness. Furthermore, the interfacial lattice 
strain may cause the shell to grow anisotropically, so that controlling the distribution of 
the shell material around the core remains a challenge. Succesive ion layer adsorption 
and reaction (SILAR) has helped to alleviate these problems, however, the exact details 
of the shell growth are still far from understood. To address this, we have synthesized 
various core-shell and core-shell-shell quantum dots (e.g. CdSe/ZnS, CdSe/CdS, 
CdSe/CdS/ZnS) and analyzed both their optical and structural properties as a function 
of the shell thickness. By analyzing HR-TEM images and HAADF-STEM coupled with 
electron energy loss spectroscopy (EELS), we report on the effect of the interfacial 
lattice strain on their optical and structural properties, such as quantum yield, 
fluorescence lifetime, blinking, and shell distribution. These results are used to draw 
connections between structural defects and charge carrier relaxation pathways. 

COLL 628 

Geometry of colloidal crystals 

Katherine R Phillips1, kphillips@fas.harvard.edu, Nicolas Vogel2, Joanna 
Aizenberg1,2.Â  (1) Department of Chemistry and Chemical Biology, Harvard University, 
Cambridge, MA 02138, United StatesÂ  (2) School of Engineering and Applied 
Sciences, Harvard University, Cambridge, MA 02138, United States 

Inverse opal structures are highly ordered, porous materials traditionally formed from 
backfilling a colloidal crystal with an inorganic material. Our lab has developed a method 
to form crack-free inverse opals with homogeneous crystal orientation over large areas 
by following a co-assembly strategy to crystallize polymer colloids in the presence of 
silica-precursors [Hatton et al. PNAS 2010]. Due to their high periodicity, these 
materials behave as three-dimensional photonic crystals with interesting optical 
properties that depend on the size and symmetry of the pores. Likewise, the wetting of 
such porous, ordered materials depends on the geometry of the pores and the surface 
chemistry of the inverse opal. We have shown that tuning of the latter using silane 
chemistry can be used to tailor the wetting properties, leading to the creation of a 
colorimetric sensing platform [Burgess et al. JACS 2011]. In this contribution, we focus 
on the effects of size and geometry of the pores on the intrinsic properties of inverse 
opals. While the size can be tuned by changing the initial colloid size, the geometry of 
the pores can be tuned from spherical to elliptical by changing the annealing 



temperature. We show that the geometry of the pores has profound effects on the 
intrinsic properties of the inverse opals. 

COLL 629 

Molecular dynamics study of mixtures of alcohol polyoxyethylene ether 
carboxylate/ alcohol polyoxyethylene ether at the air/water interface 

xiujuan He, hexj.sshy@sinopec.com, yingcheng Li, liyc.sshy@sinopec.com, lei Gao, 
weidong Zhang.Sinopec Key Laboratory of Surfactants for EOR, Sinopec Shanghai 
Research Institute of Petrochemical Technology, shanghai, shanghai 201208, China 

Dynamic diffusion behaviors of surfactants mixtures containing alcohol polyoxyethylene 
ether carboxylate (AEC) and alcohol polyoxyethylene ether (AEO) with molar ratio of 
70:30 from solution to interface are investigated by atomistic MD simulation. Surfactants 
diffusion process, the adsorption amount and the monolayer structure are considered. It 
has been observed that the adsorption goes through “surfactants dissolving－formation 
of pre-micelles in subsurface－surfactants monolayer” process. However, the pre-
micelles are so ephemeral that they only exist in the period of the magnitude of 10-11 
second, making them too difficult to be detected experimentally. In addition, the 
surfactants adsorption ratio at interfaces is independent of surfactant concentration, 
although AEO diffuses faster. When adsorbed at interface, AEO molecules arrange far 
from each other with all hydrogen bonds formed combined with AEC. Compared with 
AEO configuration, AEC head_groups penetrated more into the water phase and 
twisted, while tail_chains stretched and ordered. 

COLL 630 

Investigation of dispersive interactions of cellulose, lignin and glucomannan by 
spectroscopic ellipsometry 

Rebecca Hollertz1, rhollert@kth.se, Hans Arwin2, Lennart Bergström3, Bertrand Faure3, 
Claire Pitois4, Lars Wågberg1.Â  (1) Department of Fibre and Polymer Technology, KTH 
Royal Institute of Technology, Stockholm, SwedenÂ  (2) Laboratory of Applied Optics, 
IFM, LinkÃ¶ping University, LinkÃ¶ping, SwedenÂ  (3) Department of Materials and 
Environmental Chemistry, Stockholm University, Stockholm, SwedenÂ  (4) ABB 
Corporate Research, VÃ¤sterÃ¥s, Sweden 

Dispersive interactions between the different components, of for example the wood cell 
wall, are strongly influencing the combined material properties. This investigation 
concerns these interactions between lignin, hemicellulose and cellulose, materials 
highly abundant in natural materials such as plants and trees. Spectroscopic 
ellipsometry has been used to estimate spectral parameters in the visible-ultraviolet 
region of well-defined model surfaces of pure lignin and glucomannan. These 
parameters were then utilized to calculate the non-retarded Hamaker constant in water 
and vacuum using the Lifshitz theory. In vacuum, the Hamaker constants of lignin and 



glucomannan were calculated to 46zJ and 35zJ respectively. These Hamaker 
constants, for glucomannan and lignin, and previously reported values for cellulose, 
were used to evaluate the dispersive interactions between cellulose, glucomannan and 
lignin, both in water and vacuum. The spectral data have also been used to compare 
the dielectric response and the energies associated with the characteristic frequencies 
in the UV-range. 

COLL 631 

Correlating contact electrification with chemical structure in liquid electrets 

Diana M. Gooding, George K. Kaufman, gkaufman@transy.edu.Department of 
Chemistry, Transylvania University, Lexington, KY 40508, United States 

The accumulation of electrostatic charge on materials via contact electrification 
(tribocharging) is important for processes as varied as xerography and the separation of 
waste for recycling. Although contact electrification is ubiquitous, the molecular 
processes by which it occurs are still not well understood. This talk will describe the 
charging of liquids flowing through capillaries and show that it is consistent with the 
triboelectric series for solid materials. Calculated energies of neutral, charged, and 
radical species will indicate possible chemical intermediates, products, and mechanisms 
of tribocharging. This experimental and computational study is designed to understand 
the relationship between contact electrification and chemical structure, which is 
necessary to harness or control contact electrification in general. 

COLL 632 

AFM transverse shear as a probe of crystallinity at the interface of gate insulator 
and organic semiconductor 

Vivek Kalihari2, David Ellison2, Greg Haugstad1, haugs001@umn.edu, C. Daniel 
Frisbie2.Â  (1) Characterization Facility, University of Minnesota, Minneapolis, MN 
55455, United StatesÂ  (2) Chemical Engineering and Materials Science, University of 
Minnesota, Minneapolis, MN 55455, United States 

Crystalline structure is critical to the performance of many organic thin film devices, 
especially the first molecular layers on the gate of a field effect transistor. The ideal 
probe of crystallinity is surface sensitive (of film growth stopped at different stages) and 
real-space in character, to reveal possibly complex structures in-plane. In this 
presentation we present new methodologies that use shear forces in atomic force 
microscopy (AFM) to provide this sensitivity. We have developed an understanding of 
shear forces sensed perpendicular to the AFM fast-scan direction. It has a different 
physical origin than frictional forces, as seen in a lack of rate and temperature 
dependence. A shear deformation model establishes a connection to the in-plane 
elastic modulus tensor. A mosaic of first-monolayer pentacene grains is revealed by 



TSM. Quantitative force analysis identifies each grain's crystallographic orientation. A 
rotational epitaxy between first and second monolayers of pentacene is revealed. 

COLL 633 

Heat Transport through Monolayers at Solid–Liquid Interfaces 

William Ducker1, wducker@vt.edu, Hari Harikrishna2, Scott Huxtable2.Â  (1) 
Department of Chemical Engineering, Virginia Tech, Blacksburg, VA 24061, United 
StatesÂ  (2) Departmen of Mechanical Engineering, Virginia Tech, Blacksburg, VA 
24061, United States 

Recent work has shown that changes as minor as a few atoms in a monolayer of 
material at an interface can significantly alter the measured heat conductance through 
an interface. Thus, the addition of thin organic films should be able to control heat 
conduction in situations where there is a high density of interfaces, such as nanoparticle 
dispersions or in micromachines. Here we report measurements of the interface 
conductance of some gold-thiol-water interfaces that show how the omega group of a 
self-assembled monolayer affects heat conductance. These measurements were 
performed using Time-Domain Thermoreflectance. We find that interface conduction 
increases with decreasing water contact angle and is a function of the salt concentration 
in water. Thus interface conductance can also be used as a probe to study the nature of 
interfaces. 

COLL 634 

Using conductance to characterize surface-coated, single-molecule nanopore 
sensor interfaces 

Cameron M Frament, Jason R Dwyer, jdwyer@chm.uri.edu.Department of Chemistry, 
University of Rhode Island, Kingston, RI 02881, United States 

Nanopores are molecular-scale holes in insulating membranes that can be adapted to a 
number of single-molecule sensing, characterization and manipulation schemes. Most 
frequently, nanopore membranes are immersed in electrolyte solutions and the passage 
of analyte molecules through the typical <10nm pore diameter and <100nm length is 
detected through perturbations of the ionic current through the pore. On this length 
scale, the size, shape and surface chemistry of the nanopore are key determinants of 
the performance of nanopore methods. These factors dictate the feasible experimental 
implementation, and determine the signal and the likelihood of molecular interactions at 
the constrained nanopore-solution interface. The conductance of a nanopore can be 
used as a sensitive probe of both nanopore geometry and surface chemistry, and we 
present results in which conductance changes following nanopore surface chemical 
modification can be used to characterize the structure and chemistry of this interface. 

COLL 635 



Molecular structures of proteins and peptides at interfaces 

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

Molecular structures of proteins and peptides at interfaces play important roles in 
biocompatibility, performance of marine anti-fouling coatings, membrane protein 
functions, and antimicrobial activity and selectivity. Sum frequency generation (SFG) 
vibrational spectroscopy has been applied to investigate molecular structures of 
peptides and proteins in different interfacial environments, e.g., in model cell 
membranes or chemically immobilized onto solid substrates, supplemented by 
attenuated total reflection – Fourier transform infrared spectroscopy (ATR-FTIR). 
Peptides with different secondary structures including alpha helix, 3-10 helix, and beta-
sheet were studied. SFG and ATR-FTIR have been successfully applied to investigate 
membrane orientation of various proteins and conformations/orientations of chemically 
immobilized enzymes. 

COLL 636 

Electrochemical and Surface Plasmon Resonance Imaging Based Investigation of 
Barnacle Adhesion 

Justin L Burns1, Daniel K Burden1, Joel P Golden2, Kathryn J Wahl3, Leonard M. 
Tender2, tender@nrl.navy.mil.Â  (1) National Research Council, Washington, DC 
20001, United StatesÂ  (2) Center for Bio/Molecular Science and Engineering, Navy 
Research Laborotory, Washington, DC 20375, United StatesÂ  (3) Chemistry Division, 
Navy Research Laborotory, Washington, DC 20375, United States 

The mechanism by which barnacles adhere to surfaces is unresolved. Different lines of 
evidence support a mechanism by which multiple liquid fractions secreted at the 
advancing leading edge of the base plate react to form a solid adhesive. Here we 
describe results in which electrochemical techniques and surface plasmon resonance 
imaging are applied to investigate adhesion of Balanus amphitrite to a gold surface. The 
results reveal an abrupt ennoblement by which the open circuit potential of the gold 
surface increases dramatically following resettlement of a barnacle. This ennoblement 
appears associated with the readhesion process and suggests possible redox activity of 
one more of the secreted fractions. The results also reveal peristaltic-like pumping of a 
liquid fraction along the base plate leading edge. Such pumping is consistent with 
recent confocal microscopy that revealed periodic secretion of liquid fractions along the 
base plate leading edge. 

COLL 637 

Changing morphology of functional amyloid structures 



Elizabeth Claunch, Justin R. Barone, jbarone@vt.edu.Department of Biological 
Systems Engineering, Virginia Tech, Blacksburg, VA 24061, United States 

“Functional” amyloids are self-assembled protein materials that appear in barnacle 
cement, bacterial hyphae, fungal spore coatings, and insect silks and are meant to 
proliferate life. Functional amyloid morphology can vary from fibrous to globular. 
Barnacle cement has been shown to be a mixture of globules and fibers depending on 
substrate surface energy and environmental conditions. This implies that the organism 
reacts to its environment to produce materials with different properties to meet the 
demands of the new living conditions. It is hypothesized that functional amyloids form 
from protein mixtures meeting defined “template” and “adder” properties. These 
peptides contain “molecular switches” that can be activated by concentration 
fluctuations. Here, an in vitro functional amyloid system is compared to Megabalanus 
rosa proteins to show that M. rosa proteins have template and adder properties and that 
the morphology of the in vitro system can be altered with concentration fluctuations that 
activate molecular switches. 

COLL 638 

Biochemical variations in the tree ring-like growth patterns of barnacle adhesive 
interfaces 

Daniel K Burden1, daniel.burden.ctr@nrl.navy.mil, Daniel E Barlow1, Kenan P Fears1, 
Christopher M Spillmann2, Daniel Rittschof3, Beatriz Orihuela3, Kathryn J Wahl1.Â  (1) 
Department of Chemistry, U.S. Naval Research Laboratory, Washington, DC 20375, 
United StatesÂ  (2) Center for Bio/Molecular Science and Engineering, U.S. Naval 
Research Laboratory, Washington, DC 20375, United StatesÂ  (3) Duke University 
Marine Laboratory, Beaufort, NC 28516, United States 

Barnacles are notorious marine foulants that adhere to submerged surfaces with 
surprising tenacity. The adhesion process is complex, involving multiple physiological 
processes and timed secretions. Previous biochemical analyses of barnacle cement 
have primarily focused on the bulk cement. However, barnacle cement contains a series 
of concentric circles that are commonly observed in optical, epifluorescent, and confocal 
microscopy, suggesting the composition of the adhesive may vary on a microscopic 
scale. To explore the heterogeneity of barnacle cement, the adhesive plaques of 
multiple barnacles were examined with several high spatial resolution techniques, 
including optical, epifluorescent, confocal, and infrared (IR) absorption microscopy, as 
well as X-ray photoelectron spectroscopy and atomic force microscopy. Using IR 
absorption microscopy, a technique sensitive to local changes in chemical composition, 
we have observed a non-uniform distribution of multiple chemical species in radial 
patterns that coincide with visible and autofluorescent features in the barnacle cement. 
The IR spectra also show significant chemical changes near secretory structures at the 
adhesive interface. We found substantial shifts in the Amide I band, suggesting that the 
secondary structure of proteins is not constant throughout the cement. Specific 
vibrations corresponding to phenolic compounds and polysaccharides were also found 



in variable intensities. Analysis of these data reveals distinct chemical differences that 
vary both radially and perpendicular to the substrate, providing insight to the 
construction of the barnacle adhesive interface. 

COLL 639 

Characterizing the protein-surface interactions that control diatom 
biomineralization  

Joe E Baio1, baio@mpip-mainz.mpg.de, Adrienne Rohrig2, Mischa Bonn1, Gary 
Drobny2, Tobias Weidner1.Â  (1) Molecular Spectroscopy Department, Max Planck 
Institute for Polymer Research, Mainz, GermanyÂ  (2) Department of Chemistry, 
University of Washington, Seattle, WA 98195, United States 

The formation of silica-based cell walls in marine, single celled organisms, is regulated 
by protein−mineral interactions. The diatom species Cylindrotheca fusiformis assembles 
supermolecular silica structures via proteins called sillafins. In a silicic acid solution, 
specific repeat units within this protein, SSKKSGSYSGSKGSKRRIL (R5), induce the 
formation of silica-protein composite nanoparticles. The protein−surface interaction that 
drives self-assembly is likely controlled by specific contacts between the surface atoms 
and key protein side chains. In this study, we characterized this R5-SiO2 interaction by 
both near edge x-ray absorption fine structure (NEXAFS) spectroscopy and in situ sum 
frequency generation (SFG) spectroscopy. Two peaks within the amide I vibrational 
band of the SFG spectra, 1640 and 1670 cm-1, indicate that the R5 peptide retains a 
beta sheet conformation when interacting with SiO2. While details of the binding 
geometry of the single tyrosine within R5 is provided by the observed polarization 
dependence of the NEXAFS C1s to π* transition related to the tyrosine's phenyl ring. 

COLL 640 

Protein Melts: Examples from Nature and Applications in Materials Coatings 

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

We report the reversible melting of a natural protein complex, which is based on a 
process that breaks down the bonds of inter-domain interactions of the protein complex 
in the presence of water and heat. Synthetic protein melts have been reported earlier, 
but the liquid phase for macromolecules is rare in nature because the protein domain 
size is larger than the range of the attractive interactions such as van der walls. We 
studied the melting process by dynamic mechanical analysis (DMA) and Raman 
spectroscopy. Sequencing studies and comparative modeling showed that the protein 
complex is made of b-sheet domains. The DMA showed that the protein is stable at dry 
conditions, but starts to flow even at room temperature in wet conditions. Raman 
studies in wet conditions showed that number and size of the crystalline domains made 
of b-sheets do not decrease even at elevated temperatures. This unique property 



makes the melting of the protein complex reversible, which opens up applications as 
novel nanomaterials and surface coatings. 

COLL 641 

Effect of PEGylated lipids on lipid-based nanodisc-to-nanovesicle mechanism 

Thomas Silva1, Ying Liu1, Mu-Ping Nieh1,2, mu-ping.nieh@ims.uconn.edu.Â  (1) 
Chemical and Biomolecular Engineering (CBE), University of Connecticut, Storrs, CT 
06269, United StatesÂ  (2) Institute of Materails Science, University of Connecticut, 
Storrs, CT 06269, United States 

Lipid-based nanodiscs can be found in mixtures composed of two or more immiscible 
lipid species with significantly different spontaneous curvatures. Generally speaking, 
nanodiscs can be synthesized by mixing a gel-phase long-chain lipid and an Lα-phase 
short-chain lipid. Upon elevation of temperature, these nanodiscs are transformed into 
nano-vesicles due to the increased miscibility among the species as the gel-phase long-
chain lipid starts to melt. It has been reported that up to 5 mole% of PEGylated lipid can 
be incorporated into the nanodiscs. As a result of their steric interactions, PEGylated 
lipids can presumably affect the disc-to-vesicle transition. In this presentation, we will 
present a study on the disc-to-vesicle transition in a system composed of dipalmitoyl 
phosphatidylcholine (DPPC) and dihexanoyl phosphatidylcholine (DHPC), doped with a 
small amount of dipalmitoyl phosphatidylglycerol (DPPG). PEGylated lipids of different 
PEG molecular weights are incorporated in the mixture and then, the transition is 
monitored through dynamic light scattering. The effect of molecular weight and molar 
ratio of PEGylated lipids on the structural transition will be reported. 

COLL 642 

Tension selects between membrane transitions resulting in striped or hexagonal 
domains 

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

Because of the importance of phospholipid rafts in cellular function and because of the 
utility of phospholipid membranes to probe phase transitions in confinement, transitions 
in phosphatidyl choline bilayers have long been a topic of interest. Investigations of 
phase behavior often map the phase diagram in temperature-composition space, for 2 
or 3 component systems. When it comes to cell function, however, tension could be at 
least as important: At fixed physiological temperature, cell functions regulate tension at 
least as high as 0.4 mN/m. We report here the impact of tension on two-component 
phosphatidyl choline membranes. While there is a general effect for elevated tensions 
to suppress phase separation as a result of the greater areal density of the solid phase, 
this happens in complicated ways, more dramatic than the calculated effects from 
Claussius Clapeyron. Instead of the mere 0.3 C suppression of the phase separation 



temperature for each mN/m of applied tension, we report a dramatic change in the 
nature of the solid phases from patches / hexagon at low tensions to stripes at high 
tension, where the latter can selectively incorporate some tracers while the former do 
not. We explain this effect based on a calculated triple point near the temperature range 
of interest. 

COLL 643 

Real-time Visualization of Membrane Remodeling following Physical-chemical 
perturbations 

Jeremy Sanborn1,3, jsanborn@ucdavis.edu, Douglas L Gettel2, Viviane N Ngassam3, 
Mira A Patel2, Thomas Wilkop3, Kamila Oglęcka4, Rachael S Kraut5, Atul N 
Parikh1,2,3,4.Â  (1) Applied Science Graduate Group, University of California, Davis, 
Davis, CA 95616, United StatesÂ  (2) Department of Chemical Engineering and Material 
Science, University of California, Davis, Davis, CA 95615, United StatesÂ  (3) 
Department of Biomedical Engineering, University of California, Davis, Davis, CA 
95616, United StatesÂ  (4) Center for Biomimetic Sensor Science, School of Material 
Science and Engineering, Nanyang Technological University, Singapore, SingaporeÂ  
(5) Division of Molecular Genetics and Cell Biology, School of Biological Sciences, 
Nanyang Technological University, Singapore, Singapore 

Giant unilamellar vesicles (GUVs) – microscopic compartments outlined by semi-
permeable elastic membranes consisting of phospholipid bilayers – isolate their 
encapsulated aqueous core from the surrounding bulk water. They can be readily 
prepared by electroformation or hydration to achieve sizes in the range of tens of 
micrometers from pre-determined molecular components and with known concentration 
gradients, thus GUVs provide an ideal platform for real-time characterization of 
extraneously stimulated membrane remodeling by optical fluorescence microscopy. We 
present our preliminary observations of membrane remodeling induced by the 
introduction of (1) osmotic gradients across the vesicle compartment; (2) membrane-
partitioning amphiphiles (e.g., MSDH, O-methyl-serine dodecylamide hydrochloride); 
and (3) lipid-binding proteins (e.g., Annexin V). The diverse range of response includes 
shape deformation, budding, and rupture, all of which can be explained in terms of an 
interplay between membrane tension, curvature, and phase behavior. 

COLL 644 

Squalene's role in the formation and organization of membrane domains of 
Halobacterium salinarum 

Sean F Gilmore1, sfgilmore@ucdavis.edu, Marc T Facciotti3, Andrew I Yao3, Atul N 
Parikh2,3.Â  (1) Department of Applied Science, University of California, Davis, Davis, 
CA 95616, United StatesÂ  (2) Department of Chemical Engineering and Materials 
Sciences, University of California, Davis, Davis, CA 95616, United StatesÂ  (3) 



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

In In the work reported here, we compare two physical-chemical characteristics, namely 
the interfacial compressibility and lateral organization (both influenced pronouncedly by 
cholesterol in mammalian cells) of squalene containing (total) and squalene devoid 
(polar) lipid extract of Halobacterium salinarum NRC-1. Pressure-area isotherms 
derived from Langmuir experiments map onto other classical amphiphiles and reveal 
packing characteristics and elastic compressibility properties to be strongly modulated 
by the presence of squalene in the total lipid extract: the incorporation of squalene 
dramatically extends elastic area compressibility and allows for tighter packing of 
archaeal lipid mixtures. Squalene also appears to influence lateral organization of 
archaeal membrane components. Epifluorescence and atomic force microscopy based 
characterization of Langmuir monolayers transferred onto solid hydrophilic reveal 
unusual domain morphology. Individual domains of microscopic dimensions (as well as 
their extended networks) exhibit a peculiar bowl-like topology as determined through 
atomic force microscopy. 

 

 
 

The presence of tall rims surrounding individual domains is consistent with the 
accumulation of squalene at the domain periphery, as well as a shift in isoprene chain 
orientation away from the substrate. Taken together, this evidence supports the notion 
that squalene has a role analogous to cholesterol in eukaryotic membranes, and that it 
might play a crucial role modulating chain order, lipid packing, and domain formation in 
the membranes of archaea. 

COLL 645 

Making magic with model membranes: Solution effects on solid support lipid 
bilayers 

Marco J Lobba, mjl12009@mymail.pomona.edu, Theodore J Zwang, Jennifer M 
Stewart, Malkiat S Johal.Department of Chemistry, Pomona College, Claremont, 
California 91711, United States 



Lipids are an integral part of life on earth, and while our knowledge of these compounds 
continues to increase, there is still much to be discovered in terms of lipid mechanics. 
Unfortunately these systems are far too complex to examine without interference, yet 
too small to observe effectively. Surface chemistry offers a well characterized system in 
which minute interactions can be observed on a sensor and recorded in real time. Using 
a combination of Quartz Crystal Microbalance (QCM) and Dual Polarization 
Interferometry (DPI) we were able to characterize the layer of hydration between a Solid 
Support Lipid Bilayer (SSLB) and the sensor surface, making it possible to calculate the 
effect of the solution on the electrostatic interactions in our system. Our research 
explores the effects of acidity and salinity on the layer of hydration and how this 
knowledge can be applied to further the SSLB model of cell membranes. 

COLL 646 

Directed organization of gold nanoparticles in polymer coatings over large length 
scales through infrared-assisted evaporative lithography 

Joseph L Keddie1, j.keddie@surrey.ac.uk, Andre Utgenannt1, Antonios G Kanaras2, 
Otto L Muskens2.Â  (1) Department of Physics, University of Surrey, Guildford, Surrey 
GU2 7XH, United KingdomÂ  (2) Department of Physics and Astronomy, University of 
Southampton, Southampton, Hampshire SO17 1BJ, United Kingdom 

There are various strategies to assemble nanoparticles (NP) over short length scales, 
but the organised arrangement of NPs over a large area to modulate optical and 
electrical properties is still remaining a challenge. We have recently developed a new, 
fast one-step route to create a polymer coating with periodic topographic patterns 
repeating with characteristic lengths on the order of a millimetre. In this presentation, we 
will report how we have added Au NPs to an aqueous colloidal dispersion and 
transported them to targeted positions during the formation of a patterned coating. In 
this method, which is called infrared radiation-assisted evaporative lithography, a lateral 
flow of both polymer and Au NPs in an aqueous dispersion is created by differences in 
the evaporation rate across the wet film surface. A directed transport of the Au NPs in 
the horizontal direction is possible by this technique. Ring or flake-like assemblies of the 
AuNPs embedded within the polymer in periodic dome-like structures are created, and 
the arrangement is tuned through variation of the sizes of the polymer particles and the 
Au NPs. The extinction coefficient (µ in units of mm-1) was determined by transmission 
spectroscopy as a function of the lateral position with a step size of 50 µm. Depending 
on the process parameters, µ can be modulated between values of 3 and 14 mm-1. 
Patterns prepared with smaller polymer particles lead to a stronger modulation of µ in 
the visible range, whereas stronger modulation in the IR-range was observed when 
larger polymer particles were used. The fundamental insights into controlling particle 
transport, which were acquired in this research, have applications in the creation of 
materials for SERS substrates and for coating photovoltaics. 

COLL 647 



Modulating the chemical, optical and transport Properties of isolated and self-
assembled metal nanocryxtals in 3D superlattices by changing their 
nanocrystallinity 

Marie-Paule Pileni, marie-paule.pileni@upmc.fr.Laboratoire des MatÃ©riaux 
MÃ©soscopiques et NanomÃ©triques, UniversitÃ© Pierre et Marie Curie, Paris, Ile de 
France 75005, France 

In this report, we will show that the crystallinity of nanoparticles can be controlled. It is 
well known that by submitted nanocrystals to laser beam, quadrupolar and breathing 
modes are observed. Here it is demonstrated for Au and Ag nanoparticles that the 
quadrupolar modes are splitted due to elastic anisotropy lifting of degeneracy mode 
whereas for Co nanoparticles, no changes in the breathing mode are observed. 

Variations in the chemical properties of the nanocrystals of different structures, self 
assembled in compact hexagonal network are also observed. 

We propose two mechanisms of fcc Au supracrystal (assembly of Au nanocrystals) 
growth. The solvent in which the Au nanocrystals are dispersed and their sizes are 
major parameters that determine the final morphology of nanocrystal assemblies in 
either films by layer-by-layer growth (heterogeneous growth), characterized by their 
plastic deformation, or well-defined shapes grown in solution (homogeneous growth). 
Specific properties related to the nanocrystallinity of supracrystals composed by 
nanocrystals are presented. Furthermore, low temperature electron transport properties 
measured by STM will be discussed. 

COLL 648 

Unraveling the evolution and nature of the plasmons in (Au core)/(Ag shell) 
nanorods 

Ruibin Jiang, rbjiang@phy.cuhk.edu.hk, Jianfang Wang.Department of Physics, The 
Chinese University of Hong Kong, Shatin, Hong Kong Special Administrative Region of 
China 

Understanding the nature of the plasmon modes in noble metal nanostructures is of vital 
importance because different plasmon modes exhibit distinct optical properties, which in 
turn determine their plasmon-based applications. We have systematically studied the 
evolution and nature of the different plasmon modes in (Au core)/(Ag shell) nanorods. 
The plasmonic properties of the nanorods are essentially determined by the Ag shell 
and are tunable by synthetically changing the core size and shell thickness. With 
increasing shell thicknesses, four plasmon bands are observed. They are ascribed to 
the longitudinal dipolar mode, transverse dipolar mode, and two octupolar modes, 
respectively, in the order of decreasing plasmon wavelengths. The plasmon 
wavelengths and intensities of the four modes vary gradually versus the shell thickness. 
The retardation effect and the interference between the excitations are crucial for 



exciting the two octupolar modes. Our results are useful for designing (Au core)/(Ag 
shell) nanostructures and utilizing their attractive and rich plasmonic properties for 
various plasmonic applications. 

COLL 649 

Plasmonic sensing materials for extreme temperature, harsh environment 
applications 

Paul R. Ohodnicki, Jr.1,2, Congjun Wang1,3, congjun.wang@netl.doe.gov, Mark Andio1, 
Christopher Matranga1.Â  (1) National Energy Technology Laboratory, Pittsburgh, PA 
15236, United StatesÂ  (2) Department of Materials Science and Engineering, Carnegie 
Mellon University, Pittsburgh, PA 15213, United StatesÂ  (3) URS Corporation, South 
Park, PA 15129, United States 

The ability to monitor gas species selectively, sensitively, and reliably in extreme 
temperatures and harsh conditions is critically important for more efficient energy 
production using conventional fossil energy based production technologies and enabling 
advanced technologies for fossil based power plants of the future. Optical based 
sensing platforms have become increasingly important but a need exists for materials 
that exhibit useful changes in optical properties in response to changing gas 
atmospheres in high temperature conditions. We will discuss recent experimental 
results on nanostructured or nanocomposite based thin films for plasmonic sensing at 
elevated temperatures and will discuss changes in optical properties in response to 
various high temperature gas treatments in the context of simple models for optical 
absorption in plasmonic materials. 

COLL 650 

High-Yield Single Product Synthesis of Ag44(p-MBA)30M4 Nanoclusters 

Anil Desireddy, Brian E Conn, brian.conn@rockets.utoledo.edu, Terry 
Bigioni.Department of Chemistry, University of Toledo, Toledo, Ohio 43606, United 
States 

Stellacci et al. reported synthesizing aryl thiol protected Ag44(SR)30 nanoclusters that 
were apparently single sized.1 The optical spectrum had 8 distinct molecule-like 
absorption bands spanning the visible spectrum, giving rise to the term intensely and 
broadly absorbing nanoclusters (IBAN's)1,2,3. These spectral properties make IBAN's 
good candidates for light-harvesting applications2. Thus far, however, synthetic 
procedures have been time-consuming and produce low yields of relatively unstable 
clusters. For example, while solution phase stability is good, solid phase stability is 
poor, which restricts possible applications. In the present study, we directly synthesized 
pure Ag44(p-MBA)30M4 clusters without size separations, as confirmed by mass 
spectroscopy, where p-MBA is p-mercaptobenzoic acid and M+ is a counterion. Yields 
>90% were achieved by judicious choice of reaction conditions and by stabilization of 



the final product. These silver clusters were found to be stable in both solution and solid 
form for extended periods of time. 

References: 

1 Bakr, O. M.; Amendola, V.; Aikens, C. M.;Wenseleers,W.; Lee,R.; Dal Negro, L.; 
Schatz, G. C.; Stellacci, F. Angew. Chem., Int. Ed. 2009 , 48, 5921–5926. 

2 Pelton, M.; Tang, Y.; Bakr, O. M.; Stellacci, F. J. Am. Chem Soc., 2012, 134, 11856-
11859 

3 Harkness, K. M.; Tang, Y.; Dass, A.; Pan, J.; Kothalawala, N.; Reddy, V.J.; Cliffel, D. 
E.; Demeler, B.; Stellacci, F.; Bakr, O. M.; McLean, J. A. Nanoscale, 2012, 4(14), 4269-
4274 

COLL 651 

Luminescent Noble Metal Nanoparticles 

Jie Zheng, jiezheng@utdallas.edu.Department of Chemistry, The University of Texas at 
Dallas, Richardson, TX 75080, United States 

Luminescent noble metal nanoparticles have emerged as a new class of fluorophores 
due to their unique photophysical properties and great potential in energy conversion, 
sensing and imaging. After a decade's effort, a large number of luminescent metal 
nanoparticles with different sizes and surface chemistries have been developed. While 
the luminescence is often attributed to size effect, other structural parameters such as 
surface ligands, valence states of metal atoms and crystallinity of nanoparticles also 
have significant influence on emission properties and mechanisms. In this talk, I will 
present some general strategies used to create luminescent gold nanoparticles with 
size from few atoms to tens of nanometers and discuss how these structural factors 
influence their photoluminescence properties. 

COLL 652 

Near IR Luminescence of Au Nanoclusters Tailored by Core-Ligand Interfacial 
Bonding 

Gangli Wang, glwang@gsu.edu, Cecil V. Conroy, Tarushee Ahuja, Jonathan 
Padelford, Jie Jiang.Department of Chemistry, Georgia State University, Atlanta, GA 
30302, United States 

Sub-2-nm Au thiolate nanoclusters are known to display strong near IR luminescence. 
The quantum yield of these nanoclusters depends on the chemical composition of 
(Au)x(Ligand)y, as well the charge states of the Au core and the ligand polarity. The 
emission has been attributed to the surface states established by Au-S bonding. 



Inspired by the RS-Au-SR 'staple' thiol bridging motif discovered at Au nanoclusters 
passivated by monothiolate ligands, our group has recently employed a multidentate 
dithiolate approach to tailor the structure and energetics of the Au nanoclusters. The 
talk will discuss the means to further enhance the quantum yield of their near IR 
emission for bioimaging applications. Intensity and lifetime images of cancer cells 
loaded with these Au nanoclusters will also be discussed. 

COLL 653 

Synthesis of Concentrated Ag Colloids in Dodecane 

Jason Darvin1, jrd0008@tigermail.auburn.edu, Jamie Uertz2, German Mills1.Â  (1) 
Department of Chemistry & Biochemistry, Auburn University, Auburn University, 
Alabama 36849, United StatesÂ  (2) CitoViva Inc., Auburn, Alabama 36830, United 
States 

Synthesis of nanometer-sized Ag particles dispersed in hydrocarbons is of current 
interest due to potential applications of the colloids as agents for efficient heat transfer. 
Earlier studies showed that only dilute Ag colloids were accessible via photochemical 
reactions. Presented here is a simple technique that can yield stable Ag colloids with 
concentrations as high as 0.08 M, 1% by weight. Ag nanoparticles were achieved by 
thermal reduction of Ag(I) ions in dodecane, which acted as solvent and also as a 
reducing agent, whereas oleoyl sarcosine served as a particle stabilizer. The colloids 
were characterized by UV-Vis spectroscopy, optical microscopy, X-Ray diffraction, and 
transmission electron microscopy. The particles consist of fcc silver and are nearly 
spherical in shape with an average diameter of 6.4 nm. Optical microscopy has shown 
that 450 nm particle aggregates coexist with the nanometer-sized Ag particles in 
solution. 

COLL 654 

Shape-controlled synthesis of silver nanocrystals and their optical properties 

Xiaohu Xia, xiaohu.xia@bme.gatech.edu, Younan Xia.Department of Biomedical 
Engineering, Georgia Institute of Technology, Atlanta, Georgia 30332, United States 

This presentation will center on our recent developments in shape-controlled synthesis 
of silver nanocrystals. The syntheses were based on the strategy of seed-mediated 
growth. The key to the success in shaping silver nanocrystals relied on our ability to 
control the growth of a seed along specific directions by using thermodynamic or kinetic 
approaches. Taking the overgrowth of silver cubic seed as an example, when the 
growth was controlled along the directions, truncated cubes, cuboctahedrons, and 
octahedrons were obtained. However, concave cubes, octapods, and trisoctahedrons 
were formed when the overgrowth was switched to the directions. The strategy was also 
successfully extended to other types of seeds (e.g., spherical and plate-like seeds), 



producing a set of Ag nanocrystals with new shapes. Shape-depended optical 
properties of those Ag nanocrystals will also be systematically discussed. 

COLL 655 

Soft microorigami: shape-programmed folding of stimuli-responsive polymer 
films 

Leonid Ionov1, ionov@ipfdd.de, Georgi Stoychev1, Svetlana Zakharchenko1, Sebastien 
Turcaud2, John Dunlop2.Â  (1) Leibniz Institut fÃ¼r Polymerforschung, Dresden, 
Deutschland 01069, GermanyÂ  (2) Department of Biomaterials, Max Planck Institute of 
Colloids and Interfaces, Potsdam, Germany 

Self-folding stimuli-responsive polymer films are exemplary biomimetic materials and 
can be viewed as model systems for bioinspired actuation. In this contribution, we 
demonstrate that the external shape of isotropic polymer bilayers is able to direct folding 
in a sophisticated manner leading to highly complex hierarchical folding. In particular, 
films can undergo sequential steps of folding by forming various 3D shapes with sharp 
hinges. By analyzing the folding patterns we elucidated empirical rules cross-checked 
by analytical considerations and backed up with finite-element simulations, which allow 
programming of folding and the design of specific 3D shapes such as pyramids. We 
also highlight the importance of path-dependency in the activation of the actuator, which 
enables to lock it in a local energy minimum, which can differ from the global one. 

COLL 656 

Light-triggered hydrophobicity switch to control assemblies of azobenzene-
containing copolymers with micelles, lipid and cell membranes 

Christophe TRIBET1,2, christophe.tribet@ens.fr, Juliette Ruchmann1,3, Sarra Sebai1, 
Emmanuelle Marie1,2.Â  (1) Department of Chemistry, Ecole Normale SupÃ©rieure, 
Paris, FranceÂ  (2) dpt of chemistry, CNRS, FranceÂ  (3) UPMC- UniversitÃ© Paris 6, 
France 

We tailored azobenzene-modified poly(acrylic) acids to optimize the remote control by 
exposure to light of hydrophobic (self-)assemblies in aqueous media. Experimental 
illustrations include photo-switch of their mixed micellization with surfactants(1), and 
light-triggered permeabilization of lipid vesicles and plasma membrane of mammal 
cells(2). To analyze the measured fractions of bound hydrophobes (here azobenzene) as 
a function of the density of hydrophobic groups per chain, we propose a model based 
solely on one parameter: The critical hydrophobicity of a (bound) polymer segment.(1) 
This model enables us to discuss a bottom up approach for the design of optimal 
responses to light and it predicts non-monotonic variation of LCST that were recently 
evidenced.(3) 

(1) J. Ruchman, S. Sebai, C. Tribet, Macromolecules, 2011, 44, 604-611. 



(2) S. Sebai et al., Angewandte Chem. Int. Ed., 2012, 51, 2132-2136. 

(3) Yan-Jun Liu et al., Soft Matter 2012,8, 8446-8455. 

COLL 657 

Responsive Microcapsule Dimers Assembled in-situ by a Microfluidic Technique 

Annie Xi Lu1, xilu0306@yahoo.com, Srinivasa Raghavan1, sraghava@umd.edu, 
Kunqiang Jiang2, Don DeVoe3.Â  (1) Department of Chemical and Biomolecular 
Engineering, University of Maryland, College Park, Maryland 20742, United StatesÂ  (2) 
Department of Chemistry, University of Maryland, College Park, Maryland 20742, 
United StatesÂ  (3) Department of Mechanical Engineering, University of Maryland, 
College Park, Maryland 20742, United States 

We describe the creation of soft microscale assemblies that can propel themselves in 
the presence of a chemical fuel or can be actuated by an external magnetic field. These 
assemblies are created in situ within a microfluidic platform using the biopolymer 
chitosan as precursor. Our approach generates individual microscale droplets bearing 
chitosan, which are then made to undergo controlled cross-linking and coalescence into 
higher-order structures such as dimers or trimers. The size, shape, and functionality of 
each individual capsule within the dimer or trimer can be precisely controlled. For 
example, we have prepared dimers wherein one lobe contains nanoparticles of platinum 
(Pt). Such capsule dimers undergo self-propelled motion in water upon the introduction 
of hydrogen peroxide (H2O 2) to the solution. In this case, the catalytic reaction of H2O 2 
with the encapsulated Pt produces oxygen gas, and the expulsion of this gas from the 
capsule in the form of bubbles propels the dimer forward in a direction away from the 
Pt-containing lobe. Similarly, magnetically responsive dimers can be created by 
substituting the Pt with paramagnetic Fe2O 3 nanoparticles. The resulting dimers 
undergo controlled rotation in an external magnetic field, much like a magnetic stir bar. 
The overall approach described here is simple and versatile: it can be easily adapted in 
a multitude of ways to produce soft structures with designed functions and properties. 

COLL 658 

Core-shell superparamagnetic nanoparticle membranes 

Erik Reimhult, erik.reimhult@boku.ac.at.Department of Nanobiotechnology, University 
of Natural Resources and Life Sciences Vienna, Vienna, Austria 

Nanoparticles with ultrastable and carefully controlled core-shell structures can be used 
in biomedical applications, e.g., as biomedical imaging contrast agents or in 
hyperthermia. Exquisite control allows further applications through assembly into 
biomimetic membrane and vesicular structures for which permeability can be externally 
controlled by applied magnetic fields. 



I will describe a synthetic toolkit built on nitrocatechol dispersants and the synthesis of 
monodisperse Fe3O4 cores to investigate membrane assembly of superparamagnetic 
nanoparticles at liquid interfaces and into lipid membranes. The relationship between 
nanoparticle structure and the assembled membrane structure and actuation will be 
highlighted using combinations of techniques ranging from SANS to FreSCa developed 
to measure the surface energy of single nanoparticles down to 10 nm in diameter. I will 
demonstrate that the extension and stability of the nanoparticle shell structure 
determines the energetics of nanoparticles at oil-water interfaces and in lipid 
membranes. 

COLL 659 

Reversible light-controlled compaction of soft colloids by azobenzene containing 
surfactant 

Svetlana Santer, santer@uni-potsdam.de, Yuriy Zakrevskyy.Department of 
experimental physics, University of Potsdam, Potsdam, Germany 

Nature has found very clever mechanism how to store a very long DNA molecule in a 
very small and compact region of space. The scientific interest in the DNA compaction 
is two folds: on the one hand, it is challenging to understand how nature does this trick, 
on the other hand, one would like to imitate this process for certain reasons, the most 
prominent of which is gene delivery into cells. In our study inspired by the DNA 
compaction mechanisms we are using light as external optical stimuli in order to trigger 
the swelling behavior of two system: DNA macromolecule and microgels. In order to 
achieve reversible compaction/decompaction process we have employed a cationic 
photosensitive azobenzene-containing surfactant. UV-light irradiation results in trans-cis 
isomerization of the azobenzene unit incorporated into the surfactant-tail and causes an 
unbinding of the more hydrophilic cis-isomer from the negatively charged soft colloid 
and its reversible swelling. 

COLL 660 

Tunable release of metal ions from polyelectrolyte-ion complex film 

Xiayun Huang1, sherry.huangxiayun@gmail.com, Amanda B Schubert1, Nicole S 
Zacharia1,2.Â  (1) Department of Mechanical Engineering, Texas A&M University, 
College Station, Texas 77843, United StatesÂ  (2) Materials Science and Engineering 
Program, Texas A&M University, College Station, Texas 77843, United States 

The Layer-by-Layer (LbL) technique has been given a great attention due to the ease 
with which thin films based on the complexation of oppositely charged polyelectrolytes 
can be fabricated. Due to the charged nature of polyelectrolyes which may or may not 
have condensed counterions, the interaction of these functional groups with small ions, 
especially metal ions, are extremely complex. Multivalent metal ions can act as 
crosslinkers to enable the construction of ligand polymer with them for sensing 



capabilities or developing ion-ligand polymer for tunable release of biological molecules 
by chelationction. Ionic crosslinks formed through polycations, polyanions and 
multivalent ions can be reformed or reconstructed with time. Here, we choose metal 
ions as the small ionic crosslinker and weak polyelectrolytes, branched 
polyethyleneimine (BPEI) and polyacrylic acid (PAA), to build the polyelectrolyte-ion 
complex film. The release of these metal ions can be controlled by factors such as pH, 
salt and other ligands. 

COLL 661 

Reversible absorption of protons by temperature-responsive gel-particles 

Ryohei Ohashi, r_ohashi_0831@kyudai.jp, Yu Hoshino, Yoshiko Miura.Department of 
chemical engineering, Kyushu university, Fukuoka, Fukuoka 819-0395, Japan 

Synthetic materials that reversibly absorb target molecules in response to external 
stimuli are of great interest. Recently, it has been reported that gel-particles (GPs) 
consisting of N-isopropylacrylamide (NIPAm) and functional monomers reversibly 
absorb target molecules such as protein, peptide and CO2 via a phase transition 
induced by temperature change. In this study, we report that GPs with reversible affinity 
to proton can be prepared by copolymerizing acrylic acid (AAc) in the presence of a 
high concentration of proton. In the proton-rich condition, AAcs were fully protonated 
and thus efficiently incorporated into low polarity domain of growing PNIPAm GPs. As a 
result, strong proton binding sites were constructed in the GPs. By cooling bellow phase 
transition temperature, PNIPAm were hydrated and carboxylic acids in PNIPAm were 
exposed into water, resulting in effective release of proton. Importantly, strong proton 
binding sites were regenerated reversibly by heating above phase transition 
temperature. 

COLL 662 

Responsive carbon nanotube supraparticle assemblies for water purification 

David Benitez1, James Amburgey2, Anjail Ameen1, Jordan C Poler1, 
jcpoler@uncc.edu.Â  (1) Chemistry, UNC Charlotte, Charlotte, NC 28223, United 
StatesÂ  (2) Civil and Environmental Engineering, UNC Charlotte, Charlotte, NC 28223, 
United States 

We have chemically functionalized single and multi-walled carbon nanotubes and 
covalently attached small magnetic beads to them. Bead-tube assembly is responsive 
to small magnetic fields. The assemblies can be completely removed from dispersion by 
magnetic actuation and then re-dispersed with mixing or mild sonication. Our goal is 
optimize the specific surface area and hydrophilicity of supraparticle assemblies that are 
capable of removing dissolved organic content from aqueous media. Details of the 
synthesis and control over the bead:tube ratio, light scattering and microscopy of the 



assemblies, magnetic and dielectric responsivity, and solute adsorption characteristics 
will be presented. 

COLL 663 

Reversible absorption of CO2 by aqueous solution of amine-containing poly-N-
isopropylacrylamide particles 

Yu Hoshino, yhoshino@chem-eng.kyushu-u.ac.jp, Kazushi Imamura, Mengchen Yue, 
Yoshiko Miura.Department of chemical engineering, Kyushu University, Fukuoka, 
Fukuoka 819-0395, Japan 

It has been reported that hydrogels consisting of N-isopropylacrylamide (NIPAm) and 
functional monomers reversibly capture target molecules such as dyes, drugs, peptide, 
proteins via temperature-responsive volume phase transition. In this study, we report 
that aqueous solutions of micro- and nanogel particles (GPs) consisting of NIPAm and 
amine-containing monomers reversibly absorbs and desorbs CO2 via the phase 
transition induced by cooling and heating cycles. Below the phase transition 
temperature, most amines in the GPs are capable of forming ion pairs with bicarbonate 
ions. Above the phase-transition temperature, shrinkage of the GPs lowers the pKa of 
amines, resulting in almost complete desorption of CO2. 

COLL 664 

Bespoke patterned coatings via infrared radiation-assisted evaporative 
lithography: Moving colloids with modulated light 

Joseph L Keddie, j.keddie@surrey.ac.uk, Argyrios Georgiadis, Harry Sansom, Fitri 
Muhamad.Department of Physics, University of Surrey, Guildford, Surrey U27XH, 
United Kingdom 

Polymer coatings with periodic topographic patterns, repeating over millimetre length 
scales, are created from lateral flows in an aqueous dispersion of colloidal particles. The 
flow is driven by differences in evaporation rate across the wet film surface created by 
IR radiative heating through a shadow mask. Thus, in this new process, which we call 
IR radiation-assisted evaporative lithography (IRAEL), particle transort is controlled 
through IR light acting at a distance through mask. We show that the height of the 
surface features increases with an increase in several key parameters: the thickness of 
the colloidal film, the volume fraction of particles, and the pitch of the pattern. The 
results are interpreted by using models of geometry and particle transport. The 
patterned coatings can function as “paintable” microlens arrays, applicable to nearly any 
surface, and able to focus light at short focal lengths. Compared with existing methods 
for creating textured coatings, IRAEL is simpler, inexpensive, able to create a wide 
variety of bespoke surfaces, and applicable to nearly any substrate without prior 
preparation. 



COLL 665 

Effects of block copolymer properties on nanocarrier protection from in vivo 
clearance and targeting 

Suzanne M D'Addio1, Walid Saad1, John J Squiers1, Douglas Adamson1, Margarita 
Herrera-Alonso1, Adam Wohl3, Thomas R Hoye3, Christopher Macosko3, Lawrence D 
Mayer2, Christine Vauthier4, Robert K Prud'homme1, prudhomm@princeton.edu.Â  (1) 
Department of Chemical and Biological Engineering, Princeton University, United 
StatesÂ  (2) Celator Pharmaceuticals Corporation, United StatesÂ  (3) University of 
Minnesota, United StatesÂ  (4) University of Paris, Sud, France 

Drug nanocarrier clearance by the immune system must be mitigated in order to 
achieve targeted delivery to pathological tissues. We present two parts to the problem: 
first, the relationship between nanoparticle block copolymer chemistry and passivation 
against non-specific recognition and clearance; and second, how conjugation to the 
surface of the nanoparticle can effect targeting. We have produced hydrophobic 
nanocarriers with dense PEG layers resulting from block-copolymer-directed assembly 
during rapid precipitation. Nanocarriers were formed using block copolymers with 
hydrophobic anchor blocks of polystyrene (PS), poly-ε-capralactone (PCL), poly-d,l-
lactide (PLA), or poly-lactide-co-glycolide (PLGA), and hydrophilic blocks of 
polyethylene glycol (PEG) with various molecular weights, from 1.5 kg/mol to 9 kg/mol. 
Nanocarriers with paclitaxel prodrugs were evaluated in vivo in Foxn 1 nu mice to 
determine relative rates of clearance, and in vitro complement activation assays were 
conducted in an effort to correlate the protection of the nanocarrier surface with in vivo 
circulation. Guidelines for optimizing block copolymer structure to maximize circulation 
of nanocarriers formed were proposed, relating to the relative size of the hydrophilic and 
hydrophobic block, the hydrophobicity of the anchoring block, the absolute size of the 
PEG block, and secondary consideration such as polymer crystallization. The second 
aspect of the presentation is on targeting. A fraction of PEG chains on the nanoparticle 
surface can be conjugated with targeting ligands, including small molecules (mannose 
to target to TB infected macrophages), peptide sequences (LHRH for breast cancer), 
and full antibodies (anti-EGFR mAb C225). The reactivity of different size ligands onto 
the PEG brush layer poses interesting challenges to understanding reactions in 
constrained media. Furthermore, the targeting efficiency is shown to not be a simple 
function of the density of the ligand on the nanoparticle surface. This opens interesting 
questions about the role of ligand and receptor density on binding and uptake. 

COLL 666 

Synthesis and Characterization of Drug-Polysaccharide Nanoparticles for Oral 
Drug Delivery Applications 

Sonal Mazumder1, sonalm08@vt.edu, Junia Pereira2, Kevin J Edgar3, Richey M 
Davis4.Â  (1) Macromolecular Science and Engineering, Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia 24060, United StatesÂ  (2) Macromolecular 



Science and Engineering, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24060, United StatesÂ  (3) Sustainable Biomaterials, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia 24060, United StatesÂ  
(4) Chemical Engineering, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24060, United States 

Nanoparticles comprised of drugs encapsulated in carboxymethyl cellulose acetate 
butyrate (CMCAB) were produced by rapid precipitation and the formulation process 
and properties of the nanoparticles were investigated. The purpose of this research was 
two-fold. First, the methodology for producing drug-polymer nanoparticles with well-
defined particle size distributions was developed. Second, the factors affecting drug 
loading and release properties were investigated. An antibacterial drug and a less 
soluble anti-viral drug were selected as model drugs for this study. The nanoparticles 
were formed under turbulent conditions in a multi-inlet vortex mixer. Particle diameters 
ranged between 150-400 nm with narrow polydispersity indices as measured by 
dynamic light scattering. The antibiotic drug loading efficiencies ranged from 14-40% 
whereas, for the less soluble antiviral drug, drug loading efficiencies were as high as 
85%. Dissolution studies showed an increase in the solubility of the amorphous drug 
nanoparticles due to interactions with CMCAB. 

COLL 667 

Multicomponent PRINT hydrogel particles as a delivery platform for vaccines 

Sarah N Mueller, snm@email.unc.edu, Shaomin Tian, Ashish Pandya, Joseph 
DeSimone.Department of Chemistry, University of North Carolina - Chapel Hill, Chapel 
Hill, North Carolina 27514, United States 

Current immunology research has focused on controlled delivery of antigens and 
adjuvants in order to safely build protection against pathogens. These components have 
shown increased efficacy when delivered in particulate form compared to soluble 
administration. Herein, we use PRINT® (Particle Replication In Non-wetting Templates) 
to fabricate polymeric hydrogel nanoparticles for the delivery of novel pro-adjuvants and 
protein antigens in vitro and in vivo. Silyl ether based pro-adjuvants show tunable 
release of active adjuvant when exposed to the acidic pH of the endosome while 
avoiding systemic release at physiological pH. Additionally, pro-adjuvants are 
functionalized with an acrylate group, allowing for direct polymerization into the particle 
matrix and precise control over cargo loading. Protein antigens are conjugated to the 
surface of nanoparticles through PEG linker chemistry for antigen processing and 
presentation by immune cells. Therefore, adjuvants and antigens can be loaded into the 
same nanoparticle for controlled delivery of therapeutically relevant components. 

COLL 668 

Therapeutic efficacy and pharmacokinetics of long-circulating PRINT hydrogels 
containing Cisplatin 



Marc P. Kai1, mpkai@ncsu.edu, Jillian L. Perry3, Kevin G. Reuter2, J. Chris Luft2,3, 
Joseph M. DeSimone1,2,3,4,5,6,7.Â  (1) Department of Chemical and Biomolecular 
Engineering, North Carolina State University, Raleigh, North Carolina 27695, United 
StatesÂ  (2) Department of Chemistry, University of North Carolina at Chapel Hill, 
Chapel Hill, North Carolina 27599, United StatesÂ  (3) Lineberger Comprehensive 
Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 
27599, United StatesÂ  (4) Department of Pharmacology, University of North Carolina at 
Chapel Hill, Chapel Hill, North Carolina 27599, United StatesÂ  (5) Institute for 
Advanced Materials, University of North Carolina at Chapel Hill, Chapel Hill, North 
Carolina 27599, United StatesÂ  (6) Institute for Nanomedicine, University of North 
Carolina at Chapel Hill, Chapel Hill, North Carolina 27599, United StatesÂ  (7) Sloan-
Kettering Institute for Cancer Research, Memorial Sloan-Kettering Cancer Center, New 
York, New York 10021, United States 

Circulation persistence has been established as a key characteristic of nanoparticles for 
passively targeting tumors, an important facet of chemotherapeutic delivery. However, 
many drugs are hindered by toxicity issues. Notably, Cisplatin—approved for use in a 
wide variety of cancers—has significant renal and neurological toxicities. Incorporating 
the drug into a nanoparticle increases tumor accumulation while simultaneously 
reducing side effects caused by systemic exposure. 

We have formulated and optimized PEGylated, polymeric hydrogels using the PRINT 
platform, and complexed Cisplatin into the particles. The maximum tolerated dose of the 
particles is being determined and compared to free drug. Cytotoxicity in several lung 
carcinoma lines is being investigated, and efficacy studies in mice will be carried out in 
both subcutaneous and orthotopic non-small cell lung xenografts (A549). Renal toxicity 
and neuropathy will also be assayed. We anticipate reduced side effects and higher 
survival probability compared to the current standard of care. 

COLL 669 

Magnetic quantum dot enabled technologies for nanoscale manipulation 

Kalpesh D Mahajan1, Greg Vieira2, Gang Ruan1, Nathan Bouxsein3, Maryam Lustberg4, 
George Bachand3, Jeffrey J Chalmers1, R. Sooryakumar2, Jessica O Winter1,5, 
winter.63@osu.edu.Â  (1) William G. Lowrie Department of Chemical and Biomolecular 
Engineering, The Ohio State University, Columbus, OH, United StatesÂ  (2) Department 
of Physics, The Ohio State University, Columbus, OH, United StatesÂ  (3) Center for 
Integrated Nanotechology, Sandia National Labs, Albuquerque, NM, United StatesÂ  (4) 
Department of Medical Oncology, The Ohio State University, Columbus, OH, United 
StatesÂ  (5) Department of Biomedical Engineering, The Ohio State University, 
Columbus, OH, United States 

The development of atomic force microscopy, magnetic tweezers, and optical tweezers 
has greatly enhanced our ability to manipulate matter at the nanoscale. However, these 
technologies have significant limitations, for example the challenge of manipulating 



multiple objects in parallel or simultaneously tracking and manipulating objects with 
nanometer scale precision. Here, we describe a technology platform termed M3 
technology, which combines magnetic quantum dots, micropatterned magnetic field 
engineering, and molecular motor-based control, to overcome these limitations. Some 
of its key capabilities will be presented here, including: (1) manipulation and tracking of 
multiple individual nanoparticles and cells (leucocytes), (2) multiplexed sub-femtomolar 
detection and isolation of protein and/or DNA molecules, and (3) steering, capture, and 
shape manipulation of self-assembled structures already in motion. This highly versatile 
technology platform will lead to numerous new opportunities in nanotechnology, 
chemistry, and bioengineering. 

COLL 670 

The atomic metron - a basis for synthesis of sub-nanometer particles with known 
sizes and a discrete number of atoms 

Oksana Zaluzhna, oksana.zaluzhna.ctr@nrl.navy.mil, David A Kidwell, Albert 
Epshteyn.Chemistry Devision, Naval Research Laboratory, Washington, DC 20375, 
United States 

Sub-nanometer nanoparticles (NPs) are very intriguing for the scientific community due 
to numerous characteristics they possess. Size control and homogeneity of metal NPs 
during synthesis and characterization are extremely important parameters to consider. 
A general method is proposed to generate nanoparticles with a defined number of 
atoms in the metal core by incorporating “atomic metrons” as the macromolecules with 
defined number of binding sites as the matrix. Synthesis, characterization, and 
purification of the atomic metrons with known binding sites will be discussed. 
Furthermore, filling all the binding sites with metal atoms and transformation to NPs will 
be demonstrated. 

COLL 671 

Modular fluorescent poly(organosiloxane) nanoparticles for biomedical 
applications 

Olga Koshkina1,2, Olga.Koshkina@bam.de, Thomas Lang2, Helmut Schlaad3, Jennifer 
Kasper4, C. James Kirkpatrick4, Dominic Docter4, Roland Stauber4, Soheil Hatami2, Ute 
Resch-Genger2, Christoph Bantz5, Michael Maskos1.Â  (1) Institut fÃ¼r Mikrotechnik 
Mainz GmbH, Mainz, GermanyÂ  (2) BAM Federal Institute for Materials Research and 
Testing, Berlin, GermanyÂ  (3) Department of Colloid Chemistry, Max Planck Institute of 
Colloids and Interfaces, Potsdam, GermanyÂ  (4) University Medical Centre Mainz, 
Mainz, GermanyÂ  (5) Institute of Physical Chemistry, University Mainz, Mainz, 
Germany 



We report the synthesis and characterization of multifunctional and fluorophore-labeled, 
charge- or sterically stabilized poly(organosiloxane) core-shell nanoparticles with 
tunable surface properties. 

The core-shell approach allows independent functionalization of different compartments. 
Thus, the fluorophore was efficiently incorporated into the core during 
polycondensation. Electrostatic stabilization of nanoparticles was achieved 
subsequently by introduction of functional groups on the surface. Grafting of polymers 
(e.g. thermo-responsive poly(2-isopropyl-2-oxazoline)) leads to sterically stabilized 
biocompatible nanoparticles. 

The particles were characterized by multi-angle Dynamic Light Scattering (DLS), 
Asymmetrical Flow Field-Flow Fractionation (AF-FFF) and Zeta-potential measurements 
and additionally by electron microscopy (TEM, Cryo-TEM). The spectroscopic 
properties were studied by fluorescence spectroscopy including the determination of 
absolute fluorescence quantum yields. 

Due to their modular structure and ease of functionalization, poly(organosiloxane) 
systems are suitable for various biomedical applications e.g. imaging methods, specific 
targeting and drug delivery. In this context, cell experiments are performed and 
nanoparticles are applied to lung-tissue models. 

COLL 672 

Facile synthesis of ultrasound responsive hollow silica particles with ultrathin 
nanometer-scale shell structures 

Yingqing Wang1, ywang6@tulane.edu, Bhanukiran Sunkara1, Jibao He3, Gary L. 
McPherson2, Vijay T. John1.Â  (1) Department of Chemical and Biomolecular 
Engineering, Tulane University, New Orleans, LA 701128, United StatesÂ  (2) 
Department of Chemistry, Tulane University, New Orleans, LA 70118, United StatesÂ  
(3) Coordinated Instrument Facility, Tulane University, New Orleans, LA 70118, United 
States 

Hollow nanomaterials have attracted intense attention because of their wide range of 
applications in imaging, chemical sensing, encapsulation, energy storage, catalysis and 
controlled drug release. The research of hollow particles are emphasizing on design of 
complex structures including double shelled, rattle like and yolk shell structures in 
recent years, but the synthesis of ultrathin hollow particles which can be cracked by 
ultrasonic treatment is seldom reported. In the present study, we report a novel 
preparation method for hollow particles where an ultrathin silica shell is formed 
extremely rapidly along the gas-liquid interface of an aerosol droplet. With decreasing 
silica precursor (TEOS) loading, the thicknesses of silica shell decreases (the lowest 
limit is approximately 10 nm) due to less silicate condensation reaction. These ultrathin 
hollow silica particles can be conveniently ruptured using ultrasonic cavitation effects. 
The porosity of the silica shell can be also adjusted by introducing sodium chloride into 



the precursor solution and the incorporation of magnetic iron oxide into the hollow silica 
particles provides further opportunities in magnetic stimuli responsive applications. 

COLL 673 

Superparamagnetic iron oxide nanoparticles with variable size and iron oxidation 
state as prospective imaging agents 

Pavel Kucheryavy1, pkuchery@xula.edu, Jibao He3, Vijay T John3, Pawan Maharjan2, 
Leonard Spinu2, Galina Z Goloverda1, Vladimir L Kolesnichenko1.Â  (1) Department of 
Chemistry, Xavier University, New Orleans, Louisiana 70125, United StatesÂ  (2) 
Department of Physics, University of New Orleans, New Orleans, Louisiana 70148, 
United StatesÂ  (3) Department of Chemical and Biomolecular Engineering, Tulane 
University, New Orleans, Louisiana 70118, United States 

Colloidal magnetite nanoparticles were synthesized by high temperature hydrolysis of 
the precursor iron(II) and iron(III) alkoxides in diethylene glycol solution. The average 
particle sizes 3.2-7.5 nm were adjusted by changing the reaction temperature, time, and 
by using sequential growth technique. To obtain maghemite particles in the same range 
of sizes, magnetite particles were oxidized with oxygen in diethylene glycol at room 
temperature. The products were characterized by DLS, TEM, X-Ray powder 
diffractometry, TGA, FTIR and magnetic measurements. NMR r1and r2relaxivity 
measurements in water and diethylene glycol (for OH and CH2-protons) have shown the 
decrease in r2/r1ratio with the particle size reduction, which correlate with magnetization 
values for magnetite nanoparticles.  

 
 
 
It was also found that saturation magnetization of magnetite is 20% higher than for 
maghemite, but their relaxivity properties are similar. This might be beneficial for 
application of maghemite as an imaging agent. 



COLL 674 

Fluorescence Active Laser Induced Structures 

Sanjeev Kumar Kandpal, sanjeevkandpal@gmail.com, Aimee Co, Michael D Mason, 
Douglas W Bousfield, David J Neivandt.Chemical & Biological Engineering, University 
of Maine, Orono, Maine 04469, United States 

High sensitive fluorometric techniques have made fluorescence a powerful tool in the 
study of structures and dynamics of living and non-living systems. The fluorescent 
properties changes with change in the microenvironment of the emitting molecule and 
this provides the ability to get spatial and temporal information of the system. The 
changes in the microenvironment can be physical and chemical such as temperature, 
pressure, viscosity, pH, hydrogen bonding, polarity, ions, electrical potential, and 
quenchers. Some of the common fluorescent probes suffer from photo bleaching, 
quenching and low fluorescence quantum yield. These problems can be easily 
overcome by Ag metal particles based fluorescent probe or structures. 

The work we are reporting here describes the formation of structures on Ag 
nanoparticles based film using a laser. These Laser-Induced Structures (LIS) are 7 to 
30 microns wide and highly fluorescent active. The advantages of Ag nanoparticles are 
surface enhanced Raman scattering, tunable surface Plasmon resonance (SPR) peak 
wavelength, metal enhanced fluorescence (MEF), and enhanced thermal and 
conductivity applications. These LIS have potential in the field of anti-counterfeiting, 
marketing techniques, fluorescent probes, bar-coding applications, optical grating, 3-D 
holographic structure making, micro fluidic devices and soft lithographic techniques. 
These structures are also easy to handle (only optical microscope required), simple and 
inexpensive to make. 

COLL 675 

Characterization of the secondary structure of surface-bound peptides 

Lauren J. Webb, lwebb@cm.utexas.edu.Department of Chemistry and Biochemistry, 
The University of Texas at Austin, Austin, TX 78712, United States 

In the research described here, we chemically functionalize gold surfaces with peptides 
of known secondary structure. These surfaces are chemically characterized through X-
ray photoelectron spectroscopy, ellipsometry, and surface infrared spectroscopy. 
Furthermore, we use surface infrared and circular dichroic spectroscopies to 
characterize the structure and orientation of the peptide on the surface. We 
demonstrate that correctly functionalized surfaces induce a alpha-helical secondary 
structure on a peptide that is disordered in solution. Demonstration of the control over a 
desired secondary structure of helical elements at a chemically functionalized surface is 
an important advance in preparing robust biologically mimetic surfaces and is expected 



to lead to an entirely new mechanism through which biological and inorganic materials 
can be coaxed to interact. 

COLL 676 

Orthogonal Immobilization Strategies based on Chemical Vapor Deposition 
Polymerization 

Joerg Lahann, lahann@umich.edu.Chemical Engineering, University of Michigan, Ann 
Arbor, MI 48109, United States 

The detailed control of surfaces that present multiple biological cues in form of peptides, 
proteins, sugars or DNA is a critical requirement for a number of different applications. 
In particular, such strategies require the incorporation of multiple, orthogonal chemical 
groups within the same surface. Spatial localization of different groups as well as 
gradient designs are other important design features. There is thus a need for generally 
applicable, substrate independent surface modification strategies that provide 
orthogonal immobilization. Herein, I will discuss recent progress in my group with 
orthogonal biointerfaces that take advantage of chemical vapor deposition 
polymerization. Examples with orthogonal surfaces including those that can undergo 
“double-click' reactions will be discussed and a number of potential biomedical 
applications will be outlined. 

COLL 677 

Plasma-surface modification for improved biocompatibility and next generation 
biomaterials 

Jeffrey C Shearer1, Eloisa Sardella3, Roberto Gristina3, Pietro Favia2, Ellen R Fisher1, 
ellen.fisher@colostate.edu.Â  (1) Department of Chemistry, Colorado State University, 
Fort Collins, Colorado 80523-1872, United StatesÂ  (2) Department of Chemistry, 
University of Bari, Bari, Puglia 70126, ItalyÂ  (3) Institute for Inorganic Methodologies 
and Plasmas (IMIP), CNR, Bari, Puglia 70126, Italy 

Three dimensional (3D) substrates have become of interest because of their potential 
uses in a range of applications, including tissue engineering. Plasma surface 
modification of biodegradable polymers such as poly (ε-caprolactone) (PCL) have been 
studied, with a focus on depositing thin films onto 3D polymer scaffolds. We used 
inductively-coupled plasmas to explore plasma surface modification of porous 3D PCL 
scaffolds with non-depositing systems such as H2O, N2, and Ar, creating permanently 
hydrophilic surfaces, some with high N content. Preliminary results from cell-seeding 
studies suggest Soas-2 osteoblast cells have a higher affinity for modified scaffolds than 
untreated substrates, and substrates with high N incorporation show additional 
increases in cell growth within scaffolds. This presentation will focus on challenges 
associated with both surface modification strategies for 3D substrates and challenges 



associated with appropriate and accurate characterization of these materials. Additional 
results from alternate scaffold materials and plasma chemistries will be presented. 

COLL 678 

Plasma processes for life sciences 

Piero Favia1,2,3,4, pietro.favia@uniba.it, D. Pignatelli1, G. Camporeale1, G. Dilecce2,4, F. 
Intranuovo1, F. Palumbo2,4, Eloisa Sardella2,4, Roberto Gristina2,4.Â  (1) Department of 
Chemistry, University of Bari “Aldo Moro” Laboratorio Industriale Pugliese dei Plasmi, 
LIPP, Bari, Puglia 70126, ItalyÂ  (2) Institute of Inorganic Methods & Plasmas IMIP-
CNR, Bari, Puglia 70126, ItalyÂ  (3) Plasma Solution Srl, Spin Off of the University of 
Bari“Aldo Moro”, Bari, Puglia 70126, ItalyÂ  (4) INSTM unit, University of Bari “Aldo 
Moro”, Bari, Puglia 70126, Italy 

Cold plasmas are extensively utilized to modify materials surface in a growing number 
of applications, from microelectronics, to food packaging and biomedical materials. 
Plasma processes at low and atmospheric pressure impact three large areas of 
medicine and biology, namely,surface modification of devices for eliciting the best 
response of biofluids and tissues in contact with the modified material; 
sterilization/decontamination of biomedical materials; and plasma medicine, the direct 
exposure of living tissues to plasmas (e.g. for wound sterilization and healing, blood 
clotting, cander treatments, surgery, etc.). Plasma medicine is a newly developed field 
focused on understanding how to modulate effects such as cell activation, apoptosis 
and necrosis as a function of the “dose” of plasma (density of active species, radiations, 
charges) delivered. This talk focuses on recent advances on deposition and grafting 
plasma-processes for tissue engineering and regenerative medicine, aimed to properly 
tailor the surface of materials for biomedical applications. 

COLL 679 

Sensing a deadly touch- Methods for evaluating contact-active antibacterial 
materials 

Josefin Illergård, josefika@kth.se, Lars Wågberg, Monica Ek.Department of Fibre and 
Polymer Technology, KTH Royal Institute of Technology, Stockholm, Sweden 

Contact-active antibacterial materials are a type of biomaterial that inactivates bacteria 
upon physical interaction. No toxic pollutants are released, thus both the risk of 
emergence of bacterial resistance is reduced and the active life-span of the material is 
prolonged compared to common antibacterial materials that are leaching. The testing of 
such materials is not straightforward as established microbial techniques are developed 
for the leaching mechanism. However, as the contact-active surfaces have gained 
increasing interest, so have the need for proper evaluation tools. This talk will cover the 
existing methods and benefits and limitations of them. Especially a method developed 
by us to detect the contact-activity of a cellulosic fibre material will be presented. 



Cellulosic fibres are interesting for future materials as they are both renewable and easy 
to modify in order to obtain the desired properties but the nature of the fibres do also 
introduce additional difficulties. 

COLL 680 

Understanding molecular-scale separations on agarose supported peptide 
surfaces 

Christy F. Landes, cflandes@rice.edu.Department of Chemistry, Rice University, 
Houston, TX 77251-1892, United States 

Acquiring a molecular-scale understanding of adsorptive separations is important 
because of the current high cost of purification associated with the manufacture of 
biologically-based pharmaceuticals. Single-molecule fluorescence microscopic methods 
were developed to study the dynamics of the protein α-lactalbumin at a clustered-
charge anion-exchange chromatographic adsorbent interface with an unprecedented 
level of detail. Dissociation and association kinetics and corresponding equilibrium 
constants were calculated for single and clustered adsorbents, and binding events were 
mapped using super-resolution techniques at ~40 nm length scales. Additional 
spectroscopic advancements required for these studies include the derivation of 
Maximum Likelihood Estimation (MLE) methods for optimizing the analysis of single-
molecule trajectories that accommodate phenomena such as experimental noise, 
photoblinking, photobleaching, and translation or rotation out of the collection plane. 

COLL 681 

Tailoring the surface of inorganic nanoparticles: polymer coating 

Wolfgang J Parak1, wolfgang.parak@physik.uni-marburg.de, Beatriz Pelaz1, Mahmoud 
Gamal1, Dominik Hühn1, Pablo del Pino1,2.Â  (1) Department of Physik, Philipps 
UniversitÃ¤t Marburg, Marburg, Marburg 35037, GermanyÂ  (2) Instituto de 
Nanociencia de AragÃ³n, University of Zaragoza, Zaragoza, AragÃ³n 50018, Spain 

Colloidal stability of nanoparticles (NPs) in aqueous media is a key issue. Current 
colloidal chemistry methods for the synthesis of inorganic nanoparticles can produce 
NPs either soluble in polar or non-polar solvents which typically have to be derivatized 
into colloidally stable materials. There are a number of strategies to derive water 
“soluble” inorganic nanocrystals including ligand exchange with small, macro or bio-
molecules, polymerization of a silica shell, wrapping in organic polymers, encapsulation, 
or combinations of the aforementioned.1-3 Coating of NPs with amphiphilic polymers 
provides a universal derivatization route for inorganic NPs of distinct compositions, 
sizes and shapes, enabling tailoring for specific purposes.4 Polymer coating of a 
number of model NPs will be discussed. 
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COLL 682 

Functional responsive foams stabilized with particles of engineered shape and 
structure 

Stephanie Lam1, Elena Blanco1, Stoyan K Smoukov1, Krassimir P Velikov2, Saad A 
Khan1, Orlin D Velev1, odvelev@ncsu.edu.Â  (1) Department of Chemical and 
Biomolecular Engineering, North Carolina State University, Raleigh, NC 27695, United 
StatesÂ  (2) Debye Institute for Nanomaterials, Utrecht University, Utrecht, The 
Netherlands 

We will discuss how particles with anisotropic shape and engineered properties can be 
synthesized and applied in the formation of Pickering foams and emulsions with novel 
functionality. These particles are synthesized by "liquid nanofabrication" in biphase 
liquids under shear. We demonstrated earlier the large-scale fabrication of polymer 
microrods and reported how they act as superstabilizers of foams and emulsions by 
forming rigid adsorption shells around the bubbles or droplets. The method allowed 
synthesizing HMC and lignin particles that can enrich Pickering foams and emulsions 
with additional features such as color, specific rheological response, stability against 
drying, controlled destabilization and controlled release. We will present means of 
making strongly and selectively colored foams by co-precipitating HMC with dye. We 
will also demonstrate how the inclusion of magnetic particles in the HMC matrix allows 
making "magneto-Pickering" foams, which exhibit excellent stability in the absence of a 
magnetic field, but can be destroyed quickly and on demand with the application of a 
threshold field. The rheological characteristics and collapse behavior of these foams 
can be correlated to the liquid fraction as well as the concentration of magnetic particles 
in the lamellae. The use of lignin particles as foam stabilizers allows making stable 
foams with gel-like films between the bubbles. These novel systems provide 



fundamental insights on the properties of Pickering foams, and can find applications in 
processes requiring immediate non-contact defoaming. 

 

 
 

COLL 683 

Water-in-water emulsions for the design of hydrogel based drug carriers and 
biomaterials 

Bruno G. De Geest, br.degeest@ugent.be.Department of Pharmaceutics, Ghent 
University, Ghent, / 9000, Belgium 

At elevated concentration, aqueous polymeric solutions exhibit phase separation. Here 
we demonstrate how this property can be explored to fabricate hydrogel drug carriers 
and biomaterials. A first example is based on phase separation of dextran and 
poly(ethyleneglycol) (PEG), by optimizing the system to obtain dextran droplets in a 
continuous PEG phase. Using dextran that is modified with either azide/alkyne “click” 
moieties of polymerizable methacrylate moieties (both connected to the dextran 
backbone via a hydrolysable carbonate ester), degradable hydrogel microspheres can 
be formed. Interestingly, due to preferential distribution of proteins in a dextran rather 
than in a PEG phase, these dextran microspheres can accommodate relatively high 
amounts of proteins. Furthermore, Layer-by-Layer coating of these hydrogels creates 
so-called self-exploding capsules that release their protein payload upon degradation of 
the carbonate ester cross-links and the resulting sudden increase in osmotic pressure. 
A second example is base on phase separation of gelatin and PEG. By optimizing the 
system to obtain a continuous gelatin phase, microporous gelatin scaffolds are obtained 
that allow further engineering with growth factor gradients that can affect cellular 
behavior. 

COLL 684 

Fabrication of Microgel-in-Liposome Particles for Improving Skin Barrier 
Functions 



Jin Woong Kim1, kjwoong@hanyang.ac.kr, Sang Woo Han1, Eunjung An2, Hyunjoon 
Kong3.Â  (1) Department of Applied Chemistry, Hanyang University, Ansan, Gyeonggi-
do 426-791, Republic of KoreaÂ  (2) Department of Materials Research, Amore-Pacific 
R&D Center, Yongin, Gyeonggi-do 446-791, Republic of KoreaÂ  (3) Department of 
Chemical and Biomolecular Engineering, UIUC, Urbana, IL 61801, United States 

Here we describe a method for fabricating a microgel-in-liposome (M-i-L) structure 
consisting of a microgel and a lipid shell in order to mimic corneocyte cell structures. 
The essence of our approach is to use a lecithin-based microemulsion with a very low 
interfacial tension between the oil and water continuous phases to stabilize a dispersion 
of microgel particles. To demonstrate the applicability of this unique vesicle system, we 
encapsulated a high concentration of natural moisturizing factor (NMF) in the microgel 
core and investigated how the M-i-L structure affected the water retention in comparison 
with other control systems. We have observed that our M-i-L particles with the NMF in 
the core, which mimicked the corneocyte cell structure, showed an excellent ability to 
retain water in the system. This experimental result inspired us to investigate how 
corneocyte cells, which feature a lipid-enveloped hydrogel structure, provide such long-
lasting hydration to the skin. 

COLL 685 

Ultrastrong bubble-templated shells for lightweight materials 

Teresa Brugarolas1, teresabr@seas.upenn.edu, Daniel S Gianola2, Lei Zhang1, 
Gregory M Campbell3, Gang Feng3, Daeyeon Lee1.Â  (1) Department of Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania 
19104, United StatesÂ  (2) Department of Materials Science and Engineering, 
University of Pennsylvania, Philadelphia, Pennsylvania 19104, United StatesÂ  (3) 
Department of Mechanical Engineering, Villanova University, Villanova, Pennsylvania 
19085, United States 

Lightweight materials with high mechanical strength are extremely useful for a variety of 
applications in transportation, aerospace and military equipment. Hollow particles are 
often used to generate lightweight materials with high strength. We present a new 
method for fabricating monodisperse hollow shells with unique mechanical behavior. 
We demonstrate that nanoparticle-shelled bubbles, produced using microfluidics, can 
be reinforced with different heat treatments. The stiffness and the strength of the 
bubbles can be increased by several orders of magnitude. We characterize the 
mechanical properties and fracture mechanisms of bubble-templated shells at the single 
particle level using in-situ compression as well as ex-situ nanoindentation. Finite 
element analysis is used to verify the stress distribution within the shell during the 
mechanical tests. We show some examples of lightweight hybrid materials that 
incorporate these reinforced shelled-bubbles. 

COLL 686 



Lightweight and strong cellulose materials made from aqueous foams stabilized 
by Nano Fibrillated Cellulose (NFC) 

Nicholas Tchang Cervin1, tchang@kth.se, Linnéa Andersson2, Jovice Ng Boon Sing2, 
Pontus Olin1, Lennart Bergström2, Lars Wågberg1.Â  (1) Department of Fibre and 
Polymer Technology KTH Royal Institute of Technology, Wallenberg Wood Science 
Center, Stockholm, SwedenÂ  (2) Department of Materials and Environmental 
Chemistry Stockholm University, Wallenberg Wood Science Center, Stockholm, 
Sweden 

A novel, lightweight and strong porous cellulose material has been prepared by drying 
aqueous foams stabilized with surface modified NanoFibrillated Cellulose (NFC). 
Confocal microscopy and high speed video imaging shows that the long-term stability of 
the wet foams can be attributed to the octylamine-coated, rod-shaped NFC 
nanoparticles residing at the air-liquid interface preventing the air bubbles to collapse or 
coalesce. Careful removal of the water results in a porous cellulose-based material with 
a porosity of 98 % and a density of 30 mg cm-3. These porous cellulose materials have 
a higher Young's modulus than other cellulose materials made from freeze drying and a 
compressive energy absorption of 56 kJ m-3 at 80 % strain. The pore size distribution is 
measured with the aid of an autoporosimeter and reveals that most pores are in the 
range of 300 to 500 µm. 

COLL 687 

Soft Nanoemulsion Composites: Synthesis, Assembly and Applications 

Patrick S Doyle, pdoyle@mit.edu.Department of Chemical Engineering, MIT, 
Cambridge, MA 02139, United States 

Nanoemulsions are metastable dispersions containing nanoscale liquid droplets in 
another immiscible fluid. These dispersions find widespread use in biological, cosmetic, 
and pharmaceutical applications. Recently my group has been developing new methods 
to synthesize soft nanoemulsion composites with programmed material properties. First, 
I will discuss our recent discovery of mesoporous organohydrogels from oil-in-water 
nanoemulsions containing an end-functionalized oligomeric gelator in the aqueous 
phase. The nanoemulsions exhibit an abrupt thermoreversible transition from a low-
viscosity liquid to a fractal-like colloidal gel of droplets with mesoscale porosity and 
solid-like viscoelasticity with moduli approaching 100 kPa, possibly the highest reported 
for an emulsion-based system. We hypothesize that gelation is brought about by 
temperature-induced interdroplet bridging of the gelator, as shown by its dependence 
on the gelator chemistry. Next, I will discuss leveraging the ability to create high volume 
fraction (>50%) optically transparent and photocrosslinkable nanoemulsion dispersions. 
Crosslinkable nanoemulsions are combined with flow lithography for the synthesis of 
structured composite microgels with controlled hydrophobic compartments. The 
microgels are used to demonstrate a number of motifs for controlled encapsulation and 



release of active compounds, including small molecules, proteins, and nanoparticles, 
from a single material platform. 

COLL 688 

One step preparation of monodisperse complex emulsions by phase separation 

Chang-Hyung Choi, Jongmin Kim, Chang-Soo Lee, rhadum@cnu.ac.kr.Department of 
Chemical Engineering, Chungnam National University, Republic of Korea 

Emulsions with complex geometries, including multiple emulsions, Janus emulsions, or 
multilayered emulsions, have been interested because of their significant potential in 
many applications such as foods, pharmaceuticals, cosmetics, materials, and chemical 
separations. Here, we present a simple one-step approach for the generation of 
complex emulsions using phase separation of disperse droplet in a microchannel. The 
microfluidic system can figure out the basic principle of phase separation attributed from 
mass-transfer of separating agent triggering control of the formation of complex 
emulsions. Single step method mediates precision control of the size of droplets, 
efficient encapsulation as well as compartment of active ingredient into desired position 
in an emulsions droplet. The ability to generate morphologically complex emulsions and 
particles provides distinct advantages over shape and chemical anisotropy. Moreover, 
these orthogonal properties motivate us to develop a simultaneous encapsulation of 
hydrophobic and hydrophilic compounds into desired specific compartment. 

COLL 689 

Ethyl gallate-responsive monodisperse microspheres and microcapsules 
prepared with emulsions as templatedttemplates 

Chuanlin Mou1, mouchuanlin86@163.com, XiaoHeng He1, XiaoJie Ju1, Rui Xie1, 
Zhuang Liu1, Li Liu1, Zhibing Zhang2, LiangYin Chu1,3.Â  (1) School of Chemical 
Engineering, Sichuan Uiversity, Chengdu, Sichuan 610065, ChinaÂ  (2) School of 
Chemical Engineering, University of Birmingham, Edgbaston, Birmingham, United 
KingdomÂ  (3) State Key Laboratory of Polymer Materials Engineering, Sichuan 
University, Chengdu, Sichuan 610065, China 

Monodisperse poly(N-isopropylacrylamide) (PNIPAM) microspheres and microcapsules 
are prepared with emulsions as templates. and the responsive properties of prepared 
microspheres and microcapsules to ethyl gallate (EG) are investigated systematically. 
Monodisperse W/O and O/W/O emulsions are generated by capillary microfluidic 
devices, and monodisperse microspheres and microcapsules are prepared by 
polymerizing the water phases. The volume phase transition temperature (VPTT) of 
PNIPAM microspheres in aqueous solutions with varying EG concentrations is 
investigated and the change in size and structure of core-shell PNIPAM microcapsules 
in response to varying temperature and EG concentration is investigated visually by 
using a confocal laser scanning microscope (CLSM). From the experimental data, a 



state diagram of the intact-to-broken transformation of core-shell PNIPAM 
microcapsules in aqueous solution as a function of temperature and EG concentration is 
constructed for the first time. The results in this study provide valuable information for 
the development of some simple and cheap techniques for roughly detecting the EG 
concentration by using core-shell PNIPAM microcapsules as sensors and/or indicators. 

COLL 690 

Stimuli-responsive polymeric microcapsules prepared by emulsion template 
methods 

Rui XIE, xierui@scu.edu.cn, Li Liu, Wei Wang, Xiao-jie Ju, Liang-yin Chu.School of 
Chemical Engineering, Sichuan University, Chengdu, Sichuan 610065, China 

Functional polymeric microcapsules have been widely used in both industrial and high-
tech fields, including foods, fine chemicals, medicine, biochemistry and electronics. 
Combination of microfluidic emulsifications and traditional microencapsulation has been 
extensively studied for preparation of monodisperse microcapsules. In this study, 3D 
capillary microfluidic technique is used to produce uniform double emulsions, which 
serve as templates for synthesis of stimuli-responsive functional polymeric 
microcapsules. Using oil-in-water-in-oil (O/W/O) double emulsions as templates, the pH-
responsive chitosan microcapsules and thermo-responsive poly(N-isopropylacrylamide) 
(PNIPAM) microcapsules are generated by interfacial crosslinking and free-radical 
polymerization, respectively. The chitosan microcapsules can decompose completely 
within 39 s when pH is as low as 1.5. Upon increasing the environmental temperature 
and alcoholic concentration, the PNIPAM microcapsules undergo the complete release 
of inner oil cores with a high momentum. The stimuli-responsive functional polymeric 
microcapsules show great potential in enzyme immobilization, controlled release and 
sensors and actuators. 

COLL 691 

Smart core-shell particles for enhanced oil recovery applications 

Nick J Carroll, ncarroll@unm.edu, Alireza AbAbbaspourrad, David A Weitz.School of 
Engineering and Applied Science, Harvard University, Cambridge, MA 02138, United 
States 

We use capillary microfluidics for precise formation of double emulsion templates to 
fabricate core-shell particles; for example, by polymerizing a droplet middle layer to form 
capsules with a consolidated membrane. We use this strategy to fabricate capsules with 
potential application in enhanced oil recovery. We create capsules with fluorinated 
crosslinked polymers using in-situ photopolymerization to create inert membranes with 
ultra-low permeability. We include acrylate linkages in the polymer matrix as degradable 
components; these acrylate linkages are oxidized to present a simple mechanism for 
timed release of actives. Additionally, we use microfluidics to fabricate oil-absorbing 



core-shell particles with a hydrophobic porous core protected by a hydrophilic shell; the 
shell is made hydrophilic by silica nanoparticles adsorbed at the surface. These 
particles have great promise for use in oil remediation or EOR applications. 

COLL 692 

Theory of DNA-cationic micelle complexation 

Helmut Schiessel, schiessel@lorentz.leidenuniv.nl.Department of Physics, Lorentz 
Institute, Leiden, The Netherlands 

We present a theory of spherical micelle formation from cationic amphiphiles in the 
absence and in the presence of DNA. The distribution of micelle sizes as well as the 
critical micelle and aggregation concentrations (cmc and cac) are calculated. Micelle 
formation is favored by the hydrophobic tails but disfavored by the entropic cost 
associated with counterion condensation. Counterion release drives the complexation 
between DNA and amphiphiles and causes micellation at a much smaller concentration 
than in the absence of DNA. The stiffness of double-stranded DNA favors the formation 
of large micelles leading to a bimodal distribution of micelle sizes. 

COLL 693 

Characterization of the nanostructure of complexes formed by single- or double-
stranded oligonucleotides with cationic aurfactants  

Nicholas L Abbott, abbott@engr.wisc.edu.Department of Chemical and Biological 
Engineering, University of Wisconsin-Madison, Madison, WI 53706, United States 

This presentation will describe the use of dynamic light scattering (DLS), small-angle 
neutron scattering (SANS) and small-angle x-ray scattering (SAXS) measurements to 
compare and contrast the nanostructure of complexes formed by single- or double-
strand oligonucleotides with the single-tailed cationic surfactant, cetyltrimethyl 
ammonium bromide (CTAB), in aqueous solutions. Whereas SAXS and SANS spectra 
show that single-stand oligonucleotides and CTAB form multilamellar vesicles, double 
strand oligonucleotides and CTAB form a hexagonal nanostructure. In addition, our 
results reveal that the nucleotide composition of the single-strand oligonucleotides has a 
pronounced impact on the number, size and nanostructure of the complexes formed 
with CTAB. In contrast, for double-strand oligonucleotides, no evidence of a 
composition dependence on nanostructrure was measured. These results support the 
proposition that hydrophobic interactions, as well as electrostatics, play a central role in 
the formation of complexes between cationic amphiphiles and single-strand 
oligonucleotides and thus giving rise to interactions that depend on nucleotide 
composition. Overall, these results provide insights into the intermolecular interactions 
that occur between cationic amphiphiles and oligonucleotides, and thereby also provide 
guidance for the design of such complexes. 



COLL 694 

DNA-programmed polymeric micelles 

Anthony M Rush, amrush@ucsd.edu, Nathan C Gianneschi.Chemistry and 
Biochemistry, University of California San Diego, La Jolla, CA 92093, United States 

DNA-programmed polymeric nanoparticles are presented as stable nucleic acid delivery 
vehicles that facilitate communication with biological entities in a specific and 
predictable manner. Based upon the three-dimensional architecture and spatial 
arrangement of nucleotides at the surface-solution interface, these materials exhibit 
unique interactions with biologically relevant constituents such as enzymes, proteins 
and cell membranes. These interactions can be tuned by structure and sequence in 
order to provide a promising class of information-rich materials. 

COLL 695 

Aggregation behavior of charged surfactants in ionic liquids 

Lang Chen, langc@polysci.umass.edu, Harry Bermudez.Department of Polymer 
Science and Engineering, University of Massachusetts Amherst, AMHERST, MA 01003, 
United States 

Room-temperature ionic liquids (ILs) have been recently explored as extraordinary 
solvent with potential opportunities for numerous applications. We set out to obtain a 
better understanding of the aggregation behavior of charged surfactants within ILs. 
From phase diagrams and isotherms in several distinct ILs, a connection between 
solubility of the surfactant and the physical properties of the underlying ionic liquid was 
established. We conclude that the interfacial energy is crucial in determining 
aggregation behavior while electrostatic interactions can be largely ignored. This study 
was extended to include mixtures of cationic and anionic surfactants where our data 
further demonstrate near-complete charge screening. Mixtures of charged surfactants in 
ILs can therefore be considered as nearly ideal, in sharp contrast to aqueous solutions. 
The results here give insight into the nature of self-assembly of surfactants in ILs and 
the interaction between solutes and IL solvents. 

COLL 696 

Triply periodic, multiply continuous lyotropic liquid crystals derived from gemini 
dicarboxylate amphiphiles 

Gregory P. Sorenson, Mahesh K. Mahanthappa, mahesh@chem.wisc.edu.Department 
of Chemistry, University of Wisconsin–Madison, Madison, WI 53706, United States 

Rational design criteria for small molecule amphiphiles that reliably form technologically 
useful, triply periodic, multiply continuous aqueous lyotropic liquid crystals are not well-



established. Since these network phases (e.g., bicontinuous cubic gyroid and diamond 
morphologies) typically exhibit interfaces that significantly deviate from constant mean 
curvature, traditional single-tail surfactants only form these structures over small 
amphiphile concentration and temperature phase windows. We recently demonstrated 
the unusual propensity for anionic dicarboxylate gemini surfactants to form bicontinuous 
cubic lyotropic phases (Q-phases) over large amphiphile concentration windows up to 
20 wt% wide between 25-100 °C. In the context of these studies, we describe the 
discovery and identification of a new triply, periodic multiply continuous, lyotropic 
network phase with non-cubic symmetry. 

COLL 697 

Surfactant, Polymer and Block Copolymer Templated Self-Assembly of 
Hierarchically Porous Materials 

Martin G. Bakker1, Bakker@bama.ua.edu, Franchessa Sayler1, Amy Grano1, Shuwen 
Yue1, Nikolaus Cordes1, Jan-Henrik Smått2.Â  (1) Department of Chemistry, The 
University of Alabama, Tuscaloosa, AL 35487-0336, United StatesÂ  (2) Department of 
Physical and Colloidal Chemistry, Abo Akademi University, Turku, Finland 

Since the first reports of the formation of mesoporous silica templated by quaternary 
ammonium surfactants in 1992 soft-templating methods have grown rapidly in the range 
of materials and applications. The ability of surfactants and block copolymers to form a 
wide range of three-dimensional structures has given rise to a great diversity of 
mesoporous materials. Similarly the range of forms of the various materials has also 
expanded, from particles, to thin films and then to macroscopic monolithic pieces. The 
formation of structure at multiple length scales has become of interest for applications 
ranging from catalysis to energy generation and storage. By combining higher molecular 
weight polymers and surfactants into silica sol-gel and carbon precursor solutions it is 
possible to make porous monoliths with well ordered mesopores and macroporous 
networks. This presentation will illustrate examples of both these approaches and 
discuss the fundamentals of such methods and their extension to other materials. 

COLL 698 

Shape-Persistent Micelles Bearing Calix[4]arene Building Block 

Kazuo Sakurai, sakurai@kitakyu-u.ac.jp.Department of Chemistry and Biochemistry, 
University of Kitakyushu, 1-1 Hibikino, Kitakyushu, Fukuoka 808-0135, Japan 

A series of calix[4]arene-based lipids with alkyl chains of varying length were newly 
synthesized and found that some of them form spherical micelles with a defined 
aggregation number. These aggregation numbers are 6,8, and 12, interestingly 
coinciding the number of the Platonic solid. Synchrotron small-angle X-ray scattering 
(SAXS) patterns exhibited a sharp intensity dump, indicating high symmetry and shape 
monodispersity. The size monodispersity of the micelles was confirmed with analytical 



ultracentrifugation. The present results indicate that a suitable combination of tail length, 
head volume, and rigidity of the building block is necessary to attain the shape 
persistency. With a shape determination program of Dummy and molecular dynamics 
calculatrion, the micellar architecture was determined. 

 

 
 
 
Figure 1 . SAXS profile changes upon pH change for CaL[4]C3 (left) and the result of 
the dummy bead and MD models 

COLL 699 

Photon Correlation Spectroscopy for Molecular Self-Assembly Investigations 

Hary L Razafindralambo, h.razafindralambo@ulg.ac.be.Gembloux Agro-Bio Tech, 
University of Liege, Gembloux, Wallonie 5030, Belgium 

The molecular self-assembly performance is among the most important functionalities of 
amphiphilic compounds in colloidal system areas. This aptitude is required in numerous 
applications, depending on solubilization, hydrotropy, rheology, separation, loading and 
delivery, encountered in biological and industrial processes. The main physicochemical 
parameter predicting the capacity of amphiphiles to self-assembly in bulk liquid, 
aqueous (normal micelles) or non-aqueous phase (reverse micelles), is the pair critical 
micelle concentration (CMC) and temperature (CMT). A variety of methods based on 
surface tension, spectral changes, and electrical conductivity are commonly used for 
determining the value of CMC. The choice usually depends on the ionic or non-ionic 
nature of the amphiphilic compounds. In this communication, a standard Photon 
Correlation Spectroscopy (PCS), also known Light Scattering-based technique for CMC 
determination will be theoretically and practically described in details. Its particular 



interest for measuring the performance of non-ionic and very high hydrophobic tail, 
mono or disubstituted carbohydrate-based compounds, from C16 alkyl chain, will be 
demonstrated. Such a method is advantageous regarding the time, amount, and 
resolution required, but also for additional information on micelle size, aggregate 
number, and stability it may provide, compared to surface tension and electrical 
conductivity-based measurements. 

COLL 700 

Micellar structure and adsorption behavior of a polystyrene-based block 
copolymer 

David J Growney, d.growney@sheffield.ac.uk, Steven P Armes.Department of 
Chemistry, University of Sheffield, Sheffield, South Yorkshire S3 7HF, United Kingdom 

A near-monodisperse poly(styrene-hydrogenated isoprene) diblock copolymer (28 mol 
% styrene) prepared via anionic polymerisation forms well-defined polystyrene-core 
micelles in n-alkanes. The effect of varying the solution temperature on the copolymer 
micelle structure is studied using transmission electron microscopy, dynamic light 
scattering, 1H NMR spectroscopy and small angle x-ray scattering. Direct dissolution at 
20oC leads to meta-stable worm-like micelles; spherical micelles are formed on heating 
to 90oC, which are retained on cooling to 20oC. Adsorption of copolymer micelles onto 
carbon black is also examined. The presence of copolymer at the carbon black surface 
is confirmed by x-ray photoelectron spectroscopy. An absorption isotherm is 
constructed using a supernatant depletion assay based on uv spectroscopy to quantify 
the aromatic chromophore due to the polystyrene block at 262 nm. Evidence is 
presented for micellar adsorption from n-alkanes and unimer adsorption from 
chloroform, which is a good solvent for both blocks of the copolymer. 

COLL 701 

CO2 Pre-activation via Charge Transfer States of TiO2-Aminosalicylic Acid 
Complexes 

Tijana Rajh1, rajh@anl.gov, Daniel Finkelstein-Shapiro2, Sarah Hurst Petrosko1,2, Nada 
M Dimitrijevic1, David Gosztola1, Kimberley Gray2, Pilarisetty Tarakeshwar3, Vladimiro 
Mujica3.Â  (1) Center for Nanoscale Materials, Argonne National Laboratory, Argonne, 
IL 60439, United StatesÂ  (2) Department of Chemistry, Northwestern University, 
Evanston, IL 60208, United StatesÂ  (3) Department of Chemistry and Biochemistry, 
Arizona State University, Tampe, AZ 85287, United States 

Salicylate and salicylic acid derivatives act as 
electron donors via a charge-transfer complex when 
adsorbed on semiconducting surfaces. When photoexcited, 
charge is injected into the conduction band directly from 
their highest occupied molecular orbital (HOMO) without 



needing mediation by the lowest unoccupied molecular 
orbital (LUMO). In this study, we successfully induce the 
chemical participation of carbon dioxide in a charge transfer 
state using 3-aminosalicylic acid (3ASA). We determine the 
geometry of CO2 using a combination of UV-vis, SERS, 13C 
NMR, and EPR. We find CO2 binds on Ti sites in a 
carbonate form and discern via EPR a surface Ti-centered 
radical in the vicinity of CO2, suggesting successful charge 
transfer from the sensitizer to the neighboring site of CO2. 
This study opens the possibility of analyzing the structural 
and electronic properties of the anchoring sites for CO2 on 
semiconducting surfaces and proposes a pathway for CO2 remediation. 

COLL 702 

Design of early/late heterobimetallic complexes for CO2 activation 

Christine M Thomas, thomasc@brandeis.edu, Jeremy P Krogman.Department of 
Chemistry, Brandeis University, Waltham, MA 02453, United States 

Early/late heterobimetallic complexes have long been though of as molecular models of 
the interactions that occur between late transition metal catalysts and Lewis acidic metal 
oxide surfaces ("strong metal support interactions"). In light of this, early/late 
heterobimetallic complexes featuring highly polar dative M→M interactions are being 
targetted for applications toward catalytic CO2 reduction. The metal-metal interactions in 
a Zr/Co model system have been shown to lead to a dramatic +1 V shift in reduction 
potential compared to monometallic Co analogues. This might suggest that similar 
interactions between late metal catalysts and Lewis acidic surfaces can also be used to 
tune redox potentials. Moreover, reduced Zr/Co heterobimetallic complexes have been 
shown to rapidly cleave CO2 into a late metal carbonyl (Co-CO) and early metal oxo (Zr-
O) fragment. Progress towards understanding the catalytic implications of this reaction 
and the design of new early/late heterobimetallic systems will be discussed. 

COLL 703 

All-inorganic polynuclear units in silica scaffolds for carbon dioxide 
photoreduction 

Heinz M Frei, HMFrei@lbl.gov.Department of Physical Biosciences, Lawrence Berkeley 
National Laboratory, Berkeley, CA 94720, United States 

Our objective is to develop inorganic photosynthetic units that afford closing of the cycle 
for carbon dioxide reduction by water to a fuel in a nanoscale system. The building 
blocks are inorganic bi- and polynuclear structures as light absorbers and catalysts, and 
nanoscale silica layers for product separation. Chromophores are oxo-bridged binuclear 
structures such as ZrOCo(II) or TiOCr(III) covalently anchored on the silica surface. 



ZrOCo sites afford visible light induced reduction of CO2 to gas phase CO and formate. 
Discovery of visible light sensitized Co3O4 nanoclusters on mesoporous silica as 
efficient water oxidation catalysts under neutral pH conditions has opened up the 
exploration of a Co3O4/SiO2 core/shell nanotube design for closing the photosynthetic 
cycle under separation of products. 

COLL 704 

Influence of photodeposited gold nanoparticles on the photocatalytic activity of 
isolated titanate species in the reduction of CO2 to hydrocarbons 

Bastian Mei, Anna Pougin, anna.pougin@techem.rub.de, Wilma Busser, Martin 
Muhler, Jennifer Strunk.Department of Chemistry and Biochemistry, Ruhr-University 
Bochum, Bochum, North Rhine-Westphalia 44780, Germany 

Anpo's pioneering single site titanate catalysts are still the most studied photocatalysts 
for CO2 reduction. However, there is a need to greatly improve the overall activity. In 
this contribution, we show that a modification of isolated titanate species on SBA-15 by 
photodeposition of gold nanoparticles can increase the photocatalytic activity and alter 
the selectivity pattern. The performances gold-loaded and gold-free samples were 
compared in a fully-metal sealed stainless steel reactor allowing thorough pre-cleaning 
of the materials. While no product formation was detected without catalyst, the 
formation of methane and longer chain hydrocarbons (C1 to C4) was observed with 
both catalysts. The product distribution indicates that hydrogenation activity is improved 
in presence of Au. Under reaction conditions with CO2 excess, carbon-containing 
species were stored on the catalyst surface, especially on the gold-free sample. 

COLL 705 

Development of an Artificial Z-scheme for Photocatalytic Reduction of CO2 

Osamu Ishitani, ishitani@chem.titech.ac.jp.Department of Chemistry, Tokyo Institute of 
Technology, Tokyo, Meguro-ku 152-8550, JapanJST, ALCA, Japan 

A hybrid for visible-light-driven photocatalytic reduction of CO2 with methanol as a 
reductant was constructed by combining two different types of photocatalysts, i.e, a 
Ru(II) dinuclear complex for CO2 reduction adsorbed on Ag-loaded TaON (TaON-Ag ) 
for oxidation of methanol. The isotope experiments clearly showed that this hybrid 
photocatalyst mainly produced HCOOH from CO2 and HCHO from methanol. The 
photocatalytic reaction proceeds via stepwise excitation of both TaON-Ag and the Ru 
dinuclear complex on TaON-Ag like the Z-scheme of photosynthesis of green plants. 

COLL 706 

Metal Organic Frameworks for water oxidation and CO2 and Proton Reduction 



Cheng Wang, wave@email.unc.edu, Jin-Liang Wang, Kathryn E deKrafft, Wenbin 
Lin.Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, 
NC 27599, United States 

Integration of individual molecular components in a structurally controlled manner 
remains one of the challenges of artificial photosynthesis. Metal organic frameworks 
(MOFs) can serve as such a platform to integrate different functionalities. We have 
incorporated catalytically competent Ir, Re, and Ru complexes as dicarboxylate ligands 
into highly stable and porous UiO frameworks. The resultant MOFs were active 
catalysts in a range of reactions that are relevant to solar energy utilization, such as 
water oxidation, photocatalytic proton and CO2 reduction and organic transformations. 
Taking advantage of site-isolation of the immobilized catalysts and the heterogeneous 
nature of MOF, we were able to perform studies that are not possible in homogeneous 
systems. With hierarchical design, we achieved synergistic operation of different 
components in the same framework, leading to enhanced light harvesting efficiency and 
photocatalytic activity. The presented work illustrates the potential of combining 
molecular catalysts and MOF structures in developing systems for solar energy 
utilization. 

COLL 707 

Early metal hydride, nitride, and oxide approaches to CO2 activation 

Ioana Aron, Christopher C. Cummins, ccummins@mit.edu, Matthew A. Rankin, Jared 
S. Silvia.Department of Chemistry, Massachusetts Institute of Technology, Cambridge, 
MA 02139-4307, United States 

While exploring the chemistry of niobaziridine and tantalaziridine hydride complexes we 
observed that CO2 uptake to form methylenediolate, a ligand frequently invoked as an 
intermediate in heterogeneous CO2 reduction systems, takes place by way of formate 
intermediates. In addition, we have developed a cycle for CO2 reduction to CO that 
takes place at a terminal nitride ligand without initial complexation of CO2 at the 
transition metal. Extending the latter mode of CO2 activation to an oxide platform, we 
found that CO2 binding to a terminal oxoanion complex of titanium could be both 
reversible and tuned by proper selection of the alkali-metal counter-ion. Finally, 
investigation of CO2 binding to other molecular oxide systems will be discussed with 
reference in particular to possible applications in catalysis. 

COLL 708 

Surface-Immobilized Transition Metal Complexes for Photocatalytic CO2 
Reduction 

Kevin Dubois, Chao Liu, He He, Michael Louis, Tong Jin, Gonghu Li, 
gonghu.li@unh.edu.Department of Chemistry, University of New Hampshire, Durham, 
NH 03824, United States 



Carbon dioxide is a renewable carbon feedstock for the production of chemicals, 
materials, and fuels. Photochemical reduction is a sustainable approach to achieve 
CO2-to-fuel conversion. Our current research focuses on surface immobilization of 
transition metal complexes on mesoporous silica for use in CO2-reduction catalysis. The 
current status of CO2-reduction catalysis using innovative photocatalysts will be briefly 
reviewed. This presentation will then introduce our recent results on CO2 reduction 
using tricarbonyl Re(I) and macrocyclic Ni(II) complexes. Our research highlights the 
advantages of integrating well-defined molecular catalysts with robust solid-state 
surfaces in solar energy applications. 

COLL 709 

Targeted TERS: Using functionalized nanoparticles to guide tip-enhanced Raman 
investigations 

Zachary D. Schultz, schultz.41@nd.edu, Hao Wang, Kristen D Alexander, Stacey L. 
Carrier.Department of Chemistry and Biochemistry, University of Notre Dame, Notre 
Dame, IN 46556, United States 

Noble metal nanostructures are known to give rise to large enhancements in the Raman 
scattering observed from molecules in close proximity. Tip enhanced Raman (TERS) 
microscopy utilizes a nanostructure scan-probe tip to spatially detect the distinct Raman 
scattering from molecules at the nanoscale. Challenges in the use of TERS for 
biological investigations include knowing what region to probe and generating sufficient 
signal. Targeted TERS is methodology we have developed that seeks to address both 
these challenges. We have coupled TERS with nanoparticle probes to obtain chemical, 
structural, and spatial information simultaneously from phenomena such as protein-
ligand interactions. Individual nanoparticle probes are detected using dark-field 
microscopy, identifying regions to investigate with high spatial resolution TERS 
microscopy. Raman enhancements are known to be greatest in dimers and other 
aggregates, thus the combination of the nanoparticle with TERS tip generates a local 
dimer-structure, increasing the Raman signal detected. We have demonstrated the 
ability to detect functionalized nanoparticles bound to proteins on surfaces and to 
cellular membranes. In this presentation we will discuss our methodology and its 
application to specific biomolecular systems. 

COLL 710 

Tunneling spectroscopy of benzoic and phosphonic acid monolayers: The role of 
the metal-molecule interface 

Justin P Kreil1, kreil001@crimson.ua.edu, Gregory J Szulczewski1, Patrick R 
LeClair2.Â  (1) Department of Chemistry, The University of Alabama, Tuscaloosa, 
Alabama 35487, United StatesÂ  (2) Department of Physics, The University of Alabama, 
Tuscaloosa, Alabama 35487, United States 



A series of self-assembled monolayers were prepared from para-substituted benzoic 
and phosphonic acids onto oxidized Al films and characterized by XPS and contact 
angle measurements. The acids adsorb to the oxide as a carboxylate or phosphonate 
group with the plane of the aromatic ring largely perpendicular to the surface, which 
places the para-substitutent away from the surface. XPS and contact angle 
measurements confirm phosphonic acid monolayers pack more densely than benzoic 
acid monolayers. Tunnel junctions were made by vapor deposition of Au and Pb films 
as the top electrodes onto the monolayers. Tunnel junctions made without SAMs 
showed large shifts of the in the G(V) minimum [ G(V)min ] conductance. Upon addition 
of the phosphonic acid and carboxylic acids monolayers, the G(V)min shifted closer to 
zero, due to the polar hydroxyl groups being replaced by the less polar SAMs. Further 
details of this work will be discussed in this talk. 

COLL 711 

Ion Concentration Polarization in Single Conical Nanopores – Charge Balance at 
Nanoscale Interfaces 

Dengchao Wang, dengchaow@gmail.com, Maksim Kvetny, Yan Li, Juan Liu, Warren 
Brown, Gangli Wang.Department of Chemistry, Georgia State University, Atlanta, 
Georgia 30319, United States 

Concentration polarization is a fundamental phenomenon that occurs at charge-
selective interfaces, such as electrode surfaces and micro or nanochannel interfaces. 
The concentration gradient at a nanoscale interface, well known to differ from 
macroscopic double layer, induces many important and fascinating phenomena. 
Interesting pinched hysteresis loops with a non-zero cross point are found in current-
potential curves in the study of the ionic transport through single conical nanopore 
under a cyclic sweeping potential. The accumulated charges in each hysteresis loop are 
quantified under different potential scan rates or in different electrolyte concentrations. 
Both experimental and theoretical results show that this concentration polarization 
process can be described by simple in-series RC equivalent circuits. The calculated 
polarized charge distribution quantifies the concentration polarization at nanoscale 
interfaces, which has been applied in various fields such as molecular concentrator, 
precipitation or crystallization, sensing and separation. 

COLL 712 

Molecular Dynamics Simulations of Nanoparticle Self Assembly at Ionic Liquid-
Based Interfaces 

Denzil S Frost, Denzil.Frost@asu.edu, Michael Machas, Lenore L Dai.School for the 
Engineering of Matter, Transport, and Energy, Arizona State University, Tempe, Arizona 
85287, United States 



Ionic liquids, with their unique composition, present a new kind of liquid-liquid interface 
which is not yet well understood. We have studied the self-assembly of hydrophobic and 
hydrophilic nanoparticles at ionic liquid (IL)-water and IL-oil (hexane) interfaces using 
molecular dynamics (MD) simulations and potential of mean force studies. Using 1-
butyl-3-methylimidazolium hexafluorophosphate ([BMIM][PF6]) as a model IL, we 
observed that particles interacted with the liquid-liquid interface in a tunable manner. 
Their self-assembly depended primarily on particle charge, surface chemistry, and 
interface type (water or oil). Potential of mean force (PMF) calculations supported the 
observations from the equilibrium studies and correlated reasonably well with continuum 
models and experimental measurements. We also show how ILs adapted to form 
solvation layers around immersed particles of different surface chemistries. Such 
solvation layers varied in morphology and dynamics in response to hydrophobic and 
hydrophilic surfaces. 

COLL 713 

Effect of functional group and saturation level on miscible and partially miscible 
systems 

Gloria Viner, gxv111030@utdallas.edu, Carlos Ho, Wonjae Choi.Department of 
Mechanical Engineering, University of Texas at Dallas, Dallas, TX 75080, United States 

In this study, we evaluated the effect that functional group and saturation level might 
have on IT (interfacial tension) and on the behavior of three different types of partially 
miscible and miscible systems. With the pendent drop method, we measured IT at 
different temperatures and saturation levels. We observed different behaviors for these 
systems including end pinching and sharp concentration gradients. IT was affected by 
saturation of different phases and functional group. The aqueous phase had more 
impact on IT than the lighter phase. In conclusion, functional groups had an effect on 
LCST and IT but not on behavior. Behaviors were unique to types of miscible and 
partially miscible and but not to functional groups. Finally, we conclude that type of 
miscible and partially miscible system can be critical in assessing behaviors and IT of 
these systems. 

COLL 714 

Self-ordered bent-core liquid crystals in surface modified porous alumina 
nanochannels 

Sunhee Lee1, lsh7286@gmail.com, Hanim Kim1, Eva Korblova2, David M Walba2, Dong 
K Yoon1, Sang B Lee1,3.Â  (1) Graduate School of Nanoscience and Technology, 
KAIST, Yuseong-gu, Daejeon 305-701, Republic of KoreaÂ  (2) Department of Physics 
and Liquid Crystal Materials Research Center, University of Colorado, Boulder, CO 
80309, United StatesÂ  (3) Department of Chemistry and Biochemistry, University of 
Maryland, College Park, MD 20742, United States 



Self-assembled bent-core mesogen exhibit novel structural properties such as polar, 
liquid-crystalline order and interplay of chiral even they are achiral molecules. Among 
the chiral layered phases, twisted helical nanofilaments can be formed in B4 phase with 
a macroscopically chiral structure and maintained by the long-range continuity of the 
smectic layers. Some research groups have investigated that the helical nanofilaments 
grew in from the B2 phase and branch off from existing ones forming large chiral 
domain with fan-shaped conformation due to their helical structure in bulk state. Here, 
we obtained individual helical nanofilament maintaining their straightness regardness of 
their heilicity confined in porous alumina nanochannels. Furthermore, the molecular 
orientation in isotropic phase can be controlled by chemical surface modification. 
Depending on chemical affinity such as hydrophobicity and hydrophilicity, molecules 
take on an orientation perpendicular or parallel to the surface. In sequence, layer 
direction in smectic mesophase affected by the orientation of liquid crystal molecules 
and as a result, helical nanofilaments and nanodisk mesophase transformation can be 
naturally formed merely depending on surface chemical properties with same mesogen. 
We investigated the molecule orientation confined in surface modified porous alumina 
thin films by electron microscope and x-ray analysis. Electron microscope cross section 
images of the liquid crystals in surface-modified nanochannel revealed the tendency 
and correlation between the surface energy and the morphological conformation of 
smectic layers in liquid crystals. GIXD (Grazing incidence x-ray diffraction) analysis also 
informed the details of molecular orientation, the direction of alignment and d-spacing of 
layers. Our approaches on thin film analysis of bent-core liquid crystal confined in 
chemically modified AAO nanochannel will be helpful for improved understanding of the 
fundamental studies on B-phase and lead to the development of basic designing 
principles to achieve spontaneous bent-core based materials with simple chemical 
treatments. 

COLL 715 

Surface-specific vibrational spectroscopy of synthetic secondary organic aerosol 
particles and their precursors 

Carlena J Ebben1, carly.ebben@u.northwestern.edu, Benjamin F Strick1, Mona 
Shrestha1, Yue Zhang2, Mary Alice Upshur1, Scot T Martin2, Regan J Thomson1, Franz 
M Geiger1.Â  (1) Department of Chemistry, Northwestern University, Evanston, Illinois 
60208, United StatesÂ  (2) School of Engineering and Applied Sciences & Department 
of Earth and Planetary Sciences, Harvard University, Cambridge, Massachusetts 
02138, United States 

Isoprene and alpha-pinene are abundant volatile organic compounds (VOCs) that are 
emitted by trees and oxidized in the atmosphere. We have synthesized proposed 
products of isoprene and alpha-pinene oxidation and the oligomers that form from them. 
We utilize vibrational sum frequency generation (SFG) spectroscopic studies, which 
allow us to assess the surface chemical identity of aerosol-forming components on a 
molecular level, with the ability to control their stereochemistry. Since many VOCs are 
chiral, and chirality is known to influence materials properties, we explore the possibility 



of stereochemical transfer to atmospheric aerosol particles during the oxidation of 
biogenic VOCs. The spectral responses from these compounds are compared to those 
of synthetic isoprene- and alpha-pinene-derived aerosol particles, as well as natural 
aerosol particles. In addition, isotope editing is utilized in a combined theoretical, 
synthetic, and spectroscopic approach to better understand the surface orientation of 
alpha-pinene, as well as its oxidation chemistry. 

COLL 716 

The “pH Transparency” of CVD Graphene Studied with Second Harmonic 
Generation 

Jennifer Achtyl1, jachtyl@u.northwestern.edu, Franz M Geiger1, Ivan V Vlassiouk2, 
Pasquale F Fulvio3, Shannon M Mahurin3, Sheng Dai3,4, Matthew N Neurock5, Yu 
Cai5.Â  (1) Department of Chemistry, Northwestern University, Evanston, IL 60202, 
United StatesÂ  (2) Measurement Science & System Engineering Division, Oak Ridge 
National Lab, Oak Ridge, TN 37931, United StatesÂ  (3) Chemical Sciences Division, 
Oak Ridge National Lab, Oak Ridge, TN 37831, United StatesÂ  (4) Department of 
Chemistry, University of Tennessee, Knoxville, TN 37996, United StatesÂ  (5) 
Department of Chemistry, University of Virginia, Charlottesville, VA 22904, United 
States 

A detailed molecular level understanding of the interfacial structure between water and 
graphene is needed in order to understand electron transfer reactions that occur at the 
fluid/solid interface. Here, second harmonic generation (SHG) is employed to 
investigate the interfacial environment over single- and multi- layered chemical vapor 
deposition (CVD) graphene sheets supported on a fused silica substrate. We find no 
alternation of the acid-base chemistry occurring at a fused silica/water interface when 
single-layer or 8-layer graphene is placed in-between the silica and aqueous phase, as 
monitored by pH dependent SHG measurements. This apparent pH transparency of 
graphene could be due to diffusion across grain boundaries and other defect sites as 
quantified by ab initio simulations, scanning transmission electron microscopy (STEM), 
and scanning electron microscopy (SEM). 

COLL 717 

Spectro-Microscopy investigations of designed 'Spin-terfaces', controlled by on-
surface coordination chemistry 

Christian Wäckerlin1, christian.waeckerlin@psi.ch, Kartick Tarafder2, Jan 
Nowakowski1, Jan Girovsky1, Dorota Siewert1, Tatjana Hählen1, Aneliia Shchyrba3, Shi-
Xia Liu4, Michael Jaggi4, Armin Kleibert5, Frithjof Nolting5, Silvio Decurtins4, Peter 
Oppeneer2, Thomas Andreas Jung1, Nirmalya Ballav6.Â  (1) Laboratory for Micro- and 
Nanotechnology, Paul Scherrer Institute, Villigen PSI, SwitzerlandÂ  (2) Department of 
Physics and Astronomy, Uppsala University, Uppsala, SwedenÂ  (3) Department of 
Physics, University of Basel, Basel, SwitzerlandÂ  (4) Department of Chemistry and 



Biochemistry, University of Bern, Bern, SwitzerlandÂ  (5) Swiss Light Source, Paul 
Scherrer Institute, Villigen PSI, SwitzerlandÂ  (6) Department of Chemistry, Indian 
Institute of Science Education and Research (IISER), Pune, India 

Paramagnetic metal-organic complexes on ferromagnetic surfaces are of significant 
interest for potential applications in organic spintronics. We study the magnetochemical 
interactions at tunable “spin-terfaces” by combination of Scanning Tunneling 
Microscopy (STM) and element specific X-ray Magnetic Circular Dichroism (XMCD). 

On-surface coordination chemistry in conjunction with a bottom-up approach is 
employed to fabricate highly ordered two dimensional layers of Fe and Mn complexes. 
The ferromagnetic substrate induces a magnetic moment into the Fe and Mn ions at 
room temperature. The selective response of the Fe and Mn spin-systems towards axial 
coordination with ammonia allows for the reversible switching of the magnetic moments 
in the Fe-Mn-Fe chess-board lattice. High resolution STM also yields direct visualization 
of the axial ammonia-coordination. 

COLL 718 

Ionic Content of Polyelectrolyte Multilayers 

Ramy A. Ghostine, rghostine@chem.fsu.edu, Joseph A Schlenoff.Chemistry & 
Biochemistry, Florida State University, Tallahassee, FLORIDA 32304, United States 

The buildup of multilayer thin films of poly(diallyldimethyl ammonium) (PDADMA) and 
polystyrene sulfonate (PSS) was investigated. The actual amount of extrinsic charge 
compensation in the polyelectrolyte multilayer film was measured by using radiolabeled 
counterions. Measurements were made on films built at different salt concentrations by 
the layer-by-layer assembly technique. Fourier Transform Infra-Red spectroscopy 
(FTIR) and X-Ray Photoelectron Spectroscopy (XPS) were also used to provide 
quantitative analysis on bulk and surface counterion content. It was found that there 
were far more positive extrinsic charges when the films were terminated with PDADMA 
than there were negative extrinsic charges when the films were terminated with PSS. 
After a specific number of layers deposited, depending on the salt concentration used 
during the buildup, positive extrinsic charges started to immobilize in the bulk of the film. 
Thus, it appears that most of the critical overcompensation in these multilayers is done 
by PDADMA and not by PSS 

COLL 719 

Tough double network hydrogels as antifouling materials 

Tayayuki Murosaki, Takayuki Kurokawa, Jian Ping Gong, 
gong@mail.sci.hokudai.ac.jp.Faculty of Advanced Life Science, Hokkaido Univeristy, 
Sapporo, Japan 



The adhesion of marine sessile organisms is often found on submerged solid surface 
such as rocks, metals, plastics, etc. while there is no adhesion on the surface of marine 
livings, such as seaweeds, that are in soft and wet “hydrogel” state. Inspired by this fact, 
we studied antifouling properties of hydrogels against marine sessile organisms. 
Hydrogels, especially hydrogels with hydroxy group and sulfonic group, show excellent 
antifouling activities against barnacle both in laboratory assay and in long-term marine 
environment. We have elucidated that the extreme low settlement on hydrogels in vitro 
and in vivo are caused mainly by antifouling properties against barnacle cyprids. Based 
on these results, we developed tough double network hydrogels as antifouling 
materials. 

COLL 720 

The effect of substrate topography on marine adhesion 

Jan Genzer, jan_genzer@ncsu.edu.Chemical & Biomolecular Engineering, NC State 
University, Raleigh, NC 27695-7905, United States 

We will discuss the combined effect of the size, chemistry and orientation of buckles 
arranged into hierarchical assemblies on the settlement of barnacle cyprids. The 
settlement process involves a complex interplay between the aforementioned 
phenomena, revealing that the best substrates comprise hydrophobic layers bearing 
wrinkles whose sizes are comparable to that of the cyprid. We also report on a simple 
Monte Carlo model to simulate the adhesion of spherical particles with sticky polymeric 
hairs (i.e., synthetic mimics of biological organisms) on a variety of surfaces that 
possess sinusoidal variation of amplitude and periodicity in an effort to design the 
optimal set of surface attributes. We study adhesion of particles with varying diameter 
and the number and length of hairs on a range of sinusoidal periodic surface structures. 
This approach allows us to establish the optimal surface parameters minimizing the 
adhesion of particles with varying properties. 

COLL 721 

Responses of settling marine fouling organisms to nanopatterned surfaces 

Gilbert Walker, gilbert.walker@utoronto.ca, Nikhil Gunari, Weiqing Shi, Elizabeth 
Willsey.Department of Chemistry, University of Toronto, Toronto, ON M5S 3H6, Canada 

The early settlement stages of marine biofouling organisms are often poorly understood. 
We present results on how surfaces that have nanoscale patterned surface energies 
affect organismal settlement. Information on settlement preference, adhesives released 
and strength of adhesion will be presented. Methods to prepare robust model surfaces 
will also be presented. 

COLL 722 



Chemical cues guide exploration and settlement of marine fouling organisms 

Axel Rosenhahn, axel.rosenhahn@rub.de.Analytical Chemistry - Biointerfaces, Ruhr-
University Bochum, Bochum, NRW 44780, Germany 

Colonization of surfaces by biofouling organisms usually occurs through their dispersal 
stages. This could be the planktonic stage of bacteria or, for larger organisms, spores or 
larvae. The selectivity during this dispersal stage is crucial for the long-term fate as it 
decides on secure anchoring and germination on the surface. Especially the three-
dimensionality of the exploration process requires holographic or stereoscopic 
techniques, which are capable to record the full 3D scenes with video frequency. This 
allows quantitative analysis of exploration and settlement behavior. By this we obtain 
quantitative access to the interaction between single organisms and chemically 
functionalized surfaces. The obtained results are discussed in the context of 
physicochemical surfaces properties (e.g. hydration, surface energy, and steric 
repulsion), time depending formation of conditioning layers, and the mechanism used 
for surface selection. Based on these design rules, non-toxic antifouling surfaces on the 
basis of natural polymers are developed. 

COLL 723 

Towards Thermally Robust SERS Substrates for High Temperature Sensing 

Polina Pinkhasova1, Psobol2@gmail.com, Hui Chen1, Svetlana Sukhishvili2, Henry 
Du1.Â  (1) Department of Chemical Engineering and Materials Science, Stevens 
Institute of Technology, Hoboken, NJ 07030, United StatesÂ  (2) Department of 
Chemistry, Chemical Biology and Biomedical Engineering, Stevens Institute of 
Technology, Hoboken, NJ 07030, United States 

We have fabricated thermally robust surface enhanced Raman spectroscopy (SERS) 
substrates with Au and Ag nanoparticles that maintain their discret size and distribution 
upon exposure to high temperature. Nanoparticles were immobilized on a porous 
anodized aluminum oxide (AAO) template and heated to 200OC, 300 OC, and 400 OC for 
15 minutes. The substrates were characterized at room tempreture with SERS, SEM 
and XPS after heat treatment. Trapping nanoparticles in the pores of AAO prevented 
the coalescence of colloids at elevated temperatures, preserving their LSPR and SERS 
activity. The enhancement factors (EF) increased gradually with increasing temperature 
due to desorption of stabilizing and reducing agent and hence more binding sites for 
analyte (R6G). The results will be interpreted in terms of temperature-induced changes 
in the particle distribution and surface chemistry of both Au and Ag nanoparticles based 
on the SEM, XPS and SERS studies. 

COLL 724 



Robust and Reproducible Quantification of SERS Enhancement Factors using 
Combination of Time-resolved Raman Spectroscopy and Solvent Internal 
Reference 

Dongmao Zhang1, dz33@msstate.edu, Fathima Ameer1, Siyam Ansar1, Shengli 
Zou2.Â  (1) Chemistry, Mississippi State University, STARKVILLE, Mississippi 39762, 
United StatesÂ  (2) Chemistry, University of Central Florida, Orlando, Florida 407-823-
2246, United States 

Recent research demonstrates that SERS substrate modifies analyte Raman signal 
through two competitive mechanisms: SERS enhancement and substrate inner filter 
effect, not SERS enhancement alone as commonly believed. Using combination of 
time-resolved Raman spectroscopy and solvent internal reference method, reported 
herein is quantitative determination of SERS EFs of mercaptobenzimidazole (MBI), a 
model organothiol adsorbed onto AuNPs and AgNPs. The peak MBI SERS EF depends 
only on the types and sizes of nanoparticles, but not on other experimental conditions 
we explored (analyte and AuNP concentrations, and the type and concentrations of the 
electrolytic aggregation agents (KF, KCl, KBr, and K2SO4)). The experimental peak 
SERS EFs of MBI on AuNPs and AgNPs with sizes of 30 and 50 nm can be fully 
explained with electromagnetic mechanism alone. This result, in combination of our 
recent finding that a series of highly structurally organothiols have similar SERS EFs, 
argue strongly against the possibility of strong chemical enhancement (>10 times, for 
example) for organothiol adsorbed onto colloidal AuNP and AgNP. 

COLL 725 

Size-specific, few-atom Ag cluster fluorophores 

Robert Dickson, dickson@chemistry.gatech.edu.School of Chemistry & Biochemistry, 
Georgia Institute of Technology, Atlanta, GA 30332, United States 

Fluorescence imaging in biological and medical sciences is often hindered by significant 
depth-dependent signal attenuation and high fluorescent backgrounds. Nanotechnology 
offers significant opportunities for signal gains when using, for example, quantum dots 
or plasmon-enhanced emitters, but significant size, bioconjugation, toxicity, and 
aggregation concerns become paramount. We have addressed the limited brightness 
and biocompatibility issues in fluorescence imaging by encapsulated highly fluorescent 
metal nanoclusters, consisting of fewer than 12 silver atoms. These species show 
excellent brightness and great promise in both single molecule and bulk imaging, while 
maintaining small overall size. Still, these species are insufficiently bright for the most 
demanding applications. Their unique photophysics, however, has enabled optical 
modulation of their emission that not only increases total emission, but, more 
importantly, greatly reduces background. Demodulation of nanodot signals enables 
fluorescence image recovery from within high backgrounds, resulting in order-of-
magnitude sensitivity increases. Our detailed studies of the states enabling low-energy 
optical modulation have enabled us to both approach biosensing and biolabeling 



applications and translate these concepts to more standard organic fluorophores. These 
general concepts of removing background through selective fluorescence modulation 
are applicable to a wide variety of systems, with Ag nanodots and modulatable organic 
dyes being used for a variety of detection and imaging applications. 

COLL 726 

Spectroelectrochemical Studies of Single Ag Nanostructures via Fluorescence 
Spectroscopy and Dark Field Scattering 

Caleb M Hill, jsu4060m@gmail.com, Shanlin Pan.Department of Chemistry, The 
University of Alabama, Tuscaloosa, Alabama 35487, United States 

Single-nanoparticle spectroelectrochemical (SNP-SEC) studies of Ag nanoparticles 
(NPs) are presented. The electrochemical oxidation of single, pre-synthesized, 
fluorescent Ag NPs was visualized via fluorescence studies. Additionally, the 
electrochemical properties of Ag NPs synthesized in-situ via the reduction of Ag+ were 
also investigated via fluorescence and dark field scattering. In both cases, 
heterogeneities in the reaction half potentials for single nanoparticles obtained via 
optical measurements were observed which were not visible in the direct 
electrochemical measurements. 

COLL 727 

Evolution of silver particles in nano-sized zeolite via chemical reduction 

Michael Severance, severance.18@osu.edu, Prabir K Dutta.Department of Chemistry, 
The Ohio State University, Columbus, Ohio 43210, United States 

Nanometer –sized three dimensional zeolite Y (FAU) type aluminosilicates with open 
frameworks are used as templates to synthesize closely spaced silver nano-particles, 
via chemical reduction. Kinetic control of the reduction process results in ~2nm silver 
particles dispersed throughout the zeolite host crystal. The resulting 40nm zeolite 
crystals loaded with silver is explored as a SERS active substrate, and correlations 
between SERS enhancement and microstructure is developed.  



 
 

COLL 728 

TERS and SERS: Different Raman enhancements from different nanostructures 

Zachary D Schultz, schultz.41@nd.edu, Hao Wang, Steven M Asiala.Chemistry and 
Biochemistry, University of Notre Dame, Notre Dame, IN 46556, United States 

Nanostructures give rise to significant enhancements in the Raman scattering observed 
from molecules in close proximity. This electromagnetic field enhancement has 
transformed Raman into an ultra-sensitive method of analysis. Since Raman is a label-
free technique, these enhancements enable detection and identification of a wide range 
of molecules and interactions. Our research utilizes these enhancements for both 
imaging and trace analyte detection in biological systems. We have coupled tip-
enhanced Raman scattering (TERS) with nanoparticle probes to obtain chemical, 
structural, and spatial information simultaneously from phenomena such as protein-
ligand interactions. Additionally we have developed nanostructured surfaces that enable 
high signal to noise Raman measurements on millisecond time scales. In this 
presentation we will discuss the differences in signals that we observe as an increasing 
numbers of nanostructures interact together. We will examine differences in the signals 
observed from an isolated nanostructure (a TERS tip), tip-nanoparticle dimers, 
nanoparticle aggregates, and nanostructure arrays. Differences in the observed signals 
support a model where the observed vibrational modes vary with nanostructure 
complexity. 



COLL 729 

Unveiling plasmon delocalization and ultranarrow resonances in rough silver 
films with single nonlinear hot spots 

Nicholas J Borys1, nborys@physics.utah.edu, John M Lupton1,2.Â  (1) Department of 
Physics & Astronomy, The University of Utah, Salt Lake City, UT 84112, United 
StatesÂ  (2) Department of Physics, The University of Regensburg, Regensburg, 
Germany 

The naturally disordered rough silver films that are grown with the Tollens silver mirror 
reaction provide a fascinating plasmonic platform that unites fundamental phenomena 
with practical utility. The extraordinary optical enhancement factors that result from their 
complex resonances enable single molecule surface-enhanced Raman (SERS) studies 
as well as an amplified, intrinsic nonlinear response. Under pulsed infrared excitation, 
supercontinuum emission and second-harmonic generation are observed from discrete 
nonlinear hot spots, which can be used as facile far-field, background-free probes of the 
plasmon resonances. Structure-property relationships between the plasmons and film 
morphology can be unraveled by combining single nonlinear hot spot spectroscopy with 
electron microscopy of films with varying surface coverage. Upon transitioning from 
spatially localized resonances of nanoparticles to delocalized resonances of larger 
metal structures, the single nonlinear hot spots exhibit multiple extraordinarily narrow 
resonances with line widths as small as 7meV, two orders of magnitude narrower than 
the supercontinuum generated. 

COLL 730 

Plasmonic Transducers Studied by Single-particle Nonlinear Optical 
Spectroscopy 

Kenneth L Knappenberger, klk@chem.fsu.edu, Manabendra Chandra, Jeremy W 
Jarrett.Department of Chemistry and Biochemistry, Florida State University, 
Tallahassee, Florida 32306, United States 

We report nonlinear optical (NLO) spectroscopy experiments carried out at the single-
particle to probe nanoparticle surface plasmon fields. As one example, we report the 
observation of magnetic dipolar contributions to the NLO response of colloidal solid gold 
nanosphere (SGN) dimers. Second-order NLO responses from these dimers were 
examined using polarization-resolved second harmonic generation (SHG) spectroscopy 
at the single-particle level. Unambiguous circular dichroism in the SHG signal was 
observed for many of the structures, indicating the presence of a chiral plasmon field 
within the interparticle gap. Detailed analysis of the polarization line shapes of the SHG 
intensities obtained by continuous polarization variation suggested that the effect 
resulted from strong magnetic dipolar contributions to the nanostructure's optical 
properties. The relative magnetic-dipolar and electric-dipolar contributions to the NLO 
response were structure dependent, an effect that would have been obscured for 



ensemble measurements. These findings may be significant for applications using the 
plasmonic nanostructure platform including nanoantennas, metamaterials, biosensing 
and energy conversion. 

COLL 731 

Biomimetic membranes in basic science and application 

Martin B Forstner, mbforstn@syr.edu.Department of Physics, Syracuse University, 
Syracuse, New York 13244, United States 

Much cell-cell communication is mediated by proteins and processes located at the 
plasma membranes of the participating cells. Thus, biomimetic membrane surfaces 
have been recognized for many years as an ideal tool to study such communication 
processes or to create active, biocompatible interfaces with living cells. However, much 
about the basic membrane –cell interactions in such systems is unknown. Furthermore, 
reliable and general schemes to decorate artificial membranes with the necessary 
proteins for cell attachment and communication remain a challenge. Here, we present 
results that elucidate the cellular responses to biomimetic membranes of different 
properties. In addition, a modular scheme for protein augmentation of membranes that 
is based on site specific lipidation is discussed. 

COLL 732 

Biomaterial-induced protein unfolding as a universal mechanism controlling 
blood compatibility 

Robert A Latour, latourr@clemson.edu.Department of Bioengineering, Clemson 
University, Clemson, SC 29634, United States 

Although it is widely believed that blood compatibility is primarily determined by the 
amount of fibrinogen adsorbed to a biomaterial surface, recent results in our laboratory 
have shown that platelet adhesion does not generally correlate with the amount of 
adsorbed fibrinogen but with the degree of biomaterial-induced protein unfolding. Our 
studies have shown that platelets will even readily adhere to adsorbed albumin through 
this mechanism. We have further proved that platelet adhesion to albumin is actually 
receptor mediated, even though albumin has no known platelet binding sites. We 
hypothesize that the mechanism responsible for this behavior is the pulling apart of salt 
bridges between oppositely charged amino acid residues, such as arginine and aspartic 
acid, thus creating RGD-like motifs and that this is a universal response for all proteins. 
In this talk I will present our experimental results that support these hypotheses and 
their implications for biomaterial surface design. 

COLL 733 



Enzymatic activity of cholesterol oxidase immobilized onto polymer nanoparticles 
mediated by Congo red 

Rubens Silva, Ana Maria Carmona-Ribeiro, Denise Petri, dfsp@usp.br.University of 
Sao Paulo, Sao Paulo, Sao Paulo, Brazil 

Poly(ethylene glycol), PEG, decorated nanoparticles of polystyrene (PS) were 
synthesized and characterized by means of dynamic light scattering (DLS), zeta (ζ) 
potential, infrared vibrational spectroscopy with Fourier transform (FTIR) and scanning 
electron microscopy. The adsorption of Congo red (CR) onto PS/PEG particles was 
evidenced by the decrease of ζ potential values, the increase in the mean diameter and 
FTIR. Cholesterol oxidase (ChOx), the main enzyme in the oxidation of cholesterol, 
adsorbed onto PS/PEG and PS/PEG/CR particles, as evidenced by the increase in the 
particles mean size and spectrophotometry. The enzymatic activity of free and 
immobilized ChOx was determined as a function of time by means of a coupled reaction 
with horseradish oxidase. The immobilization on PS/PEG/CR improved the enzyme 
stability in comparison to free ChOx. Freeze-drying the ChOx covered PS/PEG/CR 
particles allowed their storage under room conditions without loss of enzymatic activity. 
The favorable interactions between CR and ChOx or cholesterol were evidenced by 
circular dichroism and spectrophotometry. ChOx adsorbed onto PS/PEG presents no 
enzymatic activity due to the difficult access of cholesterol to ChOx. A general model is 
proposed in order to achieve catalytic efficiency of immobilized enzymes. It comprises 
the preservation of enzyme natural conformation, adequate orientation of active site and 
the appropriate surface energy (or hydrophilic/hydrophobic character). The supporting 
material hydrophobic/hydrophilic character should match that of the substrate to enable 
the accessibility of substrate to the active site of immobilized enzyme. 

COLL 734 

Role of physicochemical properties on biofilm eradication for nitric oxide-
releasing nanomaterials 

Mark H. Schoenfisch, mhs1970@yahoo.com, Danielle L. Slomberg, Yuan 
Lu.Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC 
27599, United States 

Nitric oxide (NO) is a reactive free radical that exhibits broad-spectrum antibacterial 
properties due to multiple mechanisms of action. Recent work has focused on the 
development of NO-releasing macromolecular scaffolds (e.g., nanoparticles and 
dendrimers) to combat bacterial biofilms. Developing an understanding of how a 
scaffold's physicochemical properties influence biofilm eradication is essential for 
optimizing its anti-biofilm efficacy. Herein we report the effects of nanoparticle 
composition, size, shape, and surface hydrophobicity on the eradication of 
Pseudomonas aeruginosa, Staphylococcus aureus, and dual-organism (i.e., P. 
aeruginosa and S. aureus) biofilms. In addition to the influence of these properties on 



NO-mediated anti-bacterial activity, particle–bacteria association, intracellular NO 
concentrations, and cell death were visualized using confocal microscopy. 

COLL 735 

In Vitro and Ex Vivo Toxicology of Antimicrobial Conjugated Electrolytes: 
Interactions with Mammalian Cells 

Heather E Canavan, canavan@unm.edu, Kristin Wilde, David Whitten.Department of 
Chemical and Nuclear Engineering, University of New Mexico, Albuquerque, New 
Mexico 87131, United States 

Certain cationic phenylene ethynylene (CPE)-based polymers (PPEs) and oligomers 
(OPEs) exhibit dark- and light-activated antimicrobial activity. Until recently, it was 
unknown if they would also exhibit similar biocidal activity toward mammalian cells. 
Based on their biocidal activity and diversity of repeat unit number and functional 
groups, a variety of CPEs, PPEs, and OPEs were selected for these studies, and were 
examined for their toxicity toward mammalian cells at three levels: cytoxicity testing of 
cell monolayers, skin irritation testing of tissues, and intracellular co-localization. As 
expected, concentration plays the largest role in determining viability. The lack of skin 
irritation for all substances alleviates initial safety concerns for products based on these 
CPEs and OPEs. In all cases, the addition of light changed the effects of the 
compounds on the mammalian cells. The modes of action of these compounds appear 
to be governed primarily by length. 

COLL 736 

New insights in protein-based nanoparticle agglomeration: Size characterization 
of nanoparticle-protein agglomerates in biological relevant environments 

Thomas Lang1, thomas.lang@bam.de, Olga Koshkina2, Michael Maskos2.Â  (1) 
Department of Polymers in Life Science and Nanotechnology, BAM Federal Institute of 
Materials Research and Testing, Berlin, GermanyÂ  (2) IMM Mainz Institute of 
Microtechnology, Mainz, Germany 

Nanoparticles in physiological media are prone to form protein-coronae[1] and 
agglomerates due to high salt contents and abundant biomolecules. Depending on the 
nature of colloidal stabilization, particle characteristics may be affected especially with 
respect to particle size, which plays a crucial role in terms of biodistribution[2] and 
cellular uptake pathways[3]. 

We demonstrate the impact of size and surface stabilization of silica- and 
poly(organosiloxane) nanoparticles to agglomeration at physiological conditions, using 
Dynamic Light Scattering (DLS), Analytical Ultracentrifugation (AUC) and Asymmetrical 
Flow-Field Flow Fractionation (AF-FFF). Measurements were accomplished in RPMI 
cell medium in presence of serum proteins, analogue to in vitro testings. 



We observed amorphous silica NPs to form agglomerates depending on the size of the 
silica nanoparticles, whereas glycine stabilized poly(organosiloxane) NPs featured a 
thin protein corona. In contrast, PEGylated poly(organosiloxane) NPs were found to 
adsorb nearly no protein determined by a lack of change of hydrodynamic radii. 

[1] S. Tenzer, D. Docter, S. Rosfa, A. Wlodarski, J. Kuharev, A. Rekik, S. K. Knauer, C. 
Bantz, T. Nawroth, C. Bier, J. Sirirattanapan, W. Mann, L. Treuel, R. Zellner, M. 
Maskos, H. Schild, R. Stauber, ACS Nano, 2011 , 5 (9),7155. 

[2] S. Mitragotri, J. Lahann, Nature Materials, 2008 , 8, 15. 

[3] J. Kasper, M. I. Hermanns, C. Bantz, O. Koshkina, T. Lang, M. Maskos, C. Pohl, R. 
E. Unger C. J. Kirkpatrick, Doi: 10.1007/s00204-012-0876-5. 
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Charged gold nanoparticles with essentially zero serum protein adsorption in 
undiluted fetal bovine serum 

Robert J Stover1, stover@utexas.edu, Avinash K Murthy2, William G Hardin1, Robert 
Schramm2, Golay Nie2, Sai Gourisankar2, Konstantin V Sokolov3, Keith P Johnston1,2.Â  
(1) Texas Materials Institute, University of Texas at Austin, Austin, TX 78712, United 
StatesÂ  (2) Department of Chemical Engineering, University of Texas at Austin, Austin, 
TX 78712, United StatesÂ  (3) Department of Biomedical Engineering, University of 
Texas at Austin, Austin, TX 78712, United States 

Efficient renal clearance is typically required of gold nanoparticles used for in vivo 
biomedical applications. However the adsorption of even a single protein molecule can 
increase the particle size past the ˜5.5 nm threshold required for clearance. Therefore, 
we have developed ˜5 nm gold nanospheres with a mixed-charge ligand surface which 
completely prevents protein adsorption in undiluted fetal bovine serum (FBS). The 
moderately-charged nanospheres are comprised of an uneven ratio of anionic citrate 
and one of two naturally-occurring amino acids, either cationic lysine or zwitterionic 
cysteine. Dynamic light scattering (DLS) analysis on the particles shows no size 
increase after nanosphere incubation in 100% FBS indicating negligible protein 
adsorption. These same nanospheres were also assembled into ˜20 nm, high near-
infrared absorbing clusters via a biodegradable PLA-b-PEG-b-PLA polymer. After 
polymer degradation, the clusters dissociated back to original ˜5 nm primary constituent 
nanospheres, which also did not exhibit serum protein adsorption. 

COLL 738 

Radiolabelling strategies for characterizing nano-particles: optimizing their 
design and engineering for biomedical applications. 



Suzanne V Smith1,2, Suzanne@bnl.gov, Linggen Kong3, Ali Asad1,4, Eskender 
Mume1,3, Roger Price4.Â  (1) Centre of Excellence in Antimatter Matter Studies, 
Australian National University, Canberra, ACT 0200, AustraliaÂ  (2) Collider-Accelerator 
Department, Brookhaven National Laboratory, Upton, NY 11973, United StatesÂ  (3) 
Centre of Excellence in Antimatter Matter Studies, Australian Nuclear Science and 
Technology Organisation, Kirrawee, NSW 2234, AustraliaÂ  (4) RAPID Labs, Medical 
Technology and Physics, Sir Charles Gairdner Hospital, Perth, Nedlands 6009, 
Australia 

Functionalised nanoparticles are a new class of agents for the treatment of disease. 
Properties such as charge, size and, surface reactivity affect their ability to target and 
deliver their payload. We have adapted techniques used in nuclear imaging to 
understand functional properties of nanoparticles, an effort to optimise their engineering 
and in vivo behaviour. The hexa-aza bicyclic cage 1-N-(4-aminobenzyl)-
3,6,10,13,16,19-hexaazabicyclo[6.6.6]eicosane-1,8-diamine (SarAr) was first designed 
for 64Cu positron emission tomography (PET) imaging and 67Cu radiotherapy. The hexa-
aza cages form extraordinarily stable and specific (1:1) complexes with metals and their 
radioisotopes. They are a highly sensitive tool that provide accurate information about 
the functional groups on particles and quantify their distribution in vivo. We present the 
use of SarAr and the new SarAr-NCS for characterising a range of polymeric and silica 
particles and how they can assist in the design functional nanoparticles for applications 
in drug risk assessment and radiotherapy. 

COLL 739 

Sonochemically made protein and nucleic acid nanospheres and their 
applications 

Ulyana Shimanovich, us249@cam.ac.uk.Department of Chemistry, Cambridhe, 
Cambridge, United Kingdom 

Sonochemistry is the research area in which molecules undergo chemical reaction due 
to the application of powerful ultrasound radiation (20 KHz–10 MHz). The ultrasonic 
waves have been applied for the synthesis of proteinaceous microspheres and none-
protein nanospheres. Protein microspheres are today being considered for use in 
pharmaceutical and cosmetic areas providing microscopic biodegradable capsules for 
"smart" delivery of drugs and perfumes. In addition, for the first time, in the current 
research we have succeeded to convert native DNA and RNA molecules into 
nanospheres. The produced RNA and DNA nanospheres were found extremely stable 
at elevated temperatures and harmful conditions. Moreover, DNA and RNA 
nanospheres were successfully introduced into cancer cells and showed excellent gene 
expression results (in the case of DNA nanospheres) and gene silencing results (in the 
case of RNA nanospheres). In my thesis, the following types of microspheres are 
discussed: Mixed protein microspheres (microspheres made of a few different proteins), 
tetracycline (broad spectrum antibiotic) microspheres and attachment of those particles 
in to polyester fabrics, sonochemical nanospherization of DNA and RNA molecules. 



Mixed proteinaceous microspheres (MPMs) have show potential for imaging since a 
natural fluorescent protein was used (Green Fluorescent Protein and Cyan Fluorescent 
Protein-Glucose Binding Protein-Yellow Fluorescent fused protein) along with a 
common matrix BSA protein. The encapsulation of tetracycline with PMs and their use 
as a matrix capsule makes them particularly suitable for prolonged-release of antibiotic 
in a uniform dispersion. The perspective is to use these coated fabrics, inter alia, as 
antibacterial bandages in patient susceptible to contamination. Coated fabrics have also 
potential applications as: antibacterial textiles, textiles coated with microspheres 
containing inks or perfume and others. 

COLL 740 

Production and characterization of BSA nanospheres for drug delivery 

Ana Loureiro1,2, aloureiro@bio.uminho.pt, Andreia C Gomes1, Artur Cavaco-Paulo2.Â  
(1) Department of Biology, University of Minho, Braga, PortugalÂ  (2) Department of 
Biological Engineering, University of Minho, Braga, Portugal 

Protein nanospheres have a huge potential as possible vehicles for drug delivery due to 
their proven biocompatibility and biodegradability, sustained release, increased drug 
stability and targeting of specific tissues. In this study, we have produced several 
formulations of bovine serum albumin (BSA) nanospheres using a high-pressure 
homogenizer. Different parameters were optimized in order to obtain monodisperse 
formulations of small nanospheres, which are compatible with a potential application as 
drug delivery systems. The different formulations were extensively characterized and in 
vitro tests were performed. The incorporation of targeting and imaging agents and the 
encapsulation of drugs in nanospheres were also performed. Specific internalization 
and effect of drugs encapsulated in small BSA nanospheres obtained indicated that 
these protein nanospheres exhibit suitable characteristics for application as drug 
delivery systems. 

COLL 741 

Poly(N-vinylcaprolactam) nanogels with polyethyleneglycol shell: Tayloring 
nanomaterials by soap-less emulsion polymerization 

Angel Licea-Claverie, aliceac@tectijuana.mx, Mirian A. Gonzalez-Ayon, Norma A. 
Cortez-Lemus, Arturo Zizumbo-Lopez.Centro de Graduados e Investigacion, Instituto 
Tecnologico de Tijuana, Tijuana, Baja California 22000, Mexico 

Nanogels have attracted growing interest owing to their potential application in drug 
delivery systems. Among the methods for preparation of nano/micro-gels micro-
emulsion is simple to follow and may control the size of the nano/microparticles 
prepared. However the large amount on tensoactive compounds “soaps” needed to 
achieve the control are inacceptable for biomedical applications. In this work, 
temperature responsive nanogels based on the biocompatible polymer poly(N-



vinylcaprolactam) (PNVCL) were prepared using a soap-less emulsion method. 
Polymerization was performed in water at a temperature well above the LCST of PNVC 
so that the monomer segregates into nano/micro-droplets stabilized by the 
macromonomer polyethylene glycol-mono methacrylate (PEG-MA). Adjusting the 
polymerization parameters, including usage of different crosslinkers, core-shell 
nano/micro gels can be prepared changing its diameter from 50 nm to 400 nm, the 
relative shell size can also be adjusted and the temperature responsive properties 
maintained. The prepared nano/micro-gels are well-defined nanomaterials for drug 
delivery applications. 

COLL 742 

Synthesis of surfactant-free PAA and PMAA nanogels in aqueous media 

Xihua Lu, luxihua@dhu.edu.cn, Qian Liao, Gao Qiu.College of Chemistry, Chemical 
Engineering and Biotechnology, Donghua University, Songjiang, Shanghai 201620, 
China 

In this research, the synthesis of surfactant-free poly(acrylic acid) (PAA) and 
poly(methacrylic acid) (PMAA) nanogels using hydroxypropylcellulose (HPC) as a 
template in aqueous HPC solutions around room temperature. Through the hydrogen 
bonding interaction of acrylic acid (AA) or methacrylic acid (MAA) with 
hydroxypropylcellulose (HPC), AA or MAA absorbed on the HPC polymer chains and 
triggered the phase transition of HPC at a lower temperature, with increasing AA and 
MAA concentration, than the HPC intrinsic phase transition temperature 41 °C. As AA or 
MAA polymerized to form PAA or PMAA, the much stronger interpolymer hydrogen 
bonding triggered the phase transition of HPC at a temperature around room 
temperature, causing HPC coil-global phase transition to collapse and form 
nanospheres at room temperature, PAA or PMAA hydrogen-bonded HPC chains 
collapsed and formed nanogels chemically crosslinked by poly(ethylene glycol) 
diacrylate (PEGDA) or methylenebisacrylamide (BIS). The results showed that all the 
PAA and PMAA nanogels demonstrated a narrow size distribution. The resulting PAA 
and PMAA nanogels made with this green synthesis method will promise to find 
significant applications in pharmaceuticals and personal care. 

COLL 743 

Osmotic nanospheres – Ideal and switchable dispersants for waterborne 
dispersions and advanced coatings 

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

Charged surfactants remain popular dispersants for waterborne dispersions and charge 
stabilization is very effective. Colloidal stability in such dispersions is sensitive, however, 
to indifferent electrolyte concentration due to Debye-Hückel screening effects that 



decrease inter-particle repulsion potentials. It has been known for some time that 
osmotic brushes of polymeric electrolytes produce softly repulsive electrosteric 
stabilization that is insensitive to indifferent electrolyte. Coating particles with such 
brushes, however, is technically feasible but too expensive in most applications. We 
have developed osmotic nanospheres that exhibit high adsorption affinity to charged 
and uncharged particle surfaces and are easily applied in processing that relies upon 
adsorption from solution. Stimuli-responsive monomers and conventional monomers are 
used to formulate such nanospheres as lightly crosslinked nanogels. Turbidity studies 
show that the stability of such nanogels can be maintained at ionic strengths as high as 
9 M and switched off at ionic strengths of 0.35 mM using appropriate stimulus-inducing 
ions. The efficacy of such nanogels is demonstrated by producing concentrated 
dispersions of hydrophobic carbon including nanotubes, graphene, and hydrothermal 
carbon as well as model colloids and latexes. Colloidal stability of such dispersions in 
high electrolyte concentrations is demonstrated and shows immunity to Debye-Hückel 
charge screening. Stimulus-inducing ions are used to produce controlled dispersion 
destabilization to produce advanced material coating and deposition. These nanogels 
are also demonstrated to self-assemble into transparent and mechanically robust thin 
films. The films are shown to retain the stimuli-responsiveness of the constituent 
monomers, and to undergo spinodal decomposition to form nano, meso, and 
microporous open cell porous coatings when exposed to appropriate stimulus-
responsive ions. 

COLL 744 

Layer-by-Layer Functionalized Nanotherapeutics 

Stephen W Morton1, swmorton@mit.edu, Zhiyong Poon1, Kevin Herlihy2, Michael Lee3, 
Jason Deng1, Erik Dreaden1, Nisarg Shah1, Mohi Quadir1, Kevin Shopsowitz1, Michael 
Yaffe3, Joseph DeSimone2, Paula Hammond1.Â  (1) Department of Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139, United 
StatesÂ  (2) Department of Chemistry, UNC-Chapel Hill, Chapel Hill, NC, United 
StatesÂ  (3) Department of Biology, Massachusetts Institute of Technology, Cambridge, 
MA 02139, United States 

Layer-by-Layer assembly is a versatile approach for incorporating a broad range of 
materials on surfaces based on complementary molecular interactions. As such, LbL 
offers a high degree of control over the composition of a given material system, with the 
ability to tune film properties for an array of applications. Using this methodology, we 
are investigating LbL on nanotherapeutics to impart functionality and to facilitate more 
efficacious delivery of therapeutics, including synergistic drug combinations. We are 
also developing a scalable platform for fabrication of these systems in a highly 
controlled manner by incorporating PRINT nanoparticle technology, presenting exciting 
opportunities towards reproducibly generating systems that are highly attractive with 
regard to approval through regulatory pathways as well as industrial manufacture of 
nanotechnology. 



COLL 745 

Efficient transdermal penetration of large hydrophilic Bovine Serum Albumin 
nanodispersions 

Madalena Martins1, Carla Silva1, Nuno Azoia1, Ulyana Shimanovich2, Artur Cavaco-
Paulo1, artur@det.uminho.pt.Â  (1) University of Minho, GuimarÃ£es, Braga 4800-058, 
PortugalÂ  (2) Department of Chemistry and Kanbar Laboratory for Nanomaterials, Bar-
Ilan University Center for Advanced Materials and Nanotechnology, Ramat-Gan, 
Ramat-Gan Ramat-Gan 52900, Israel 

Hydrophilic macromolecules such as proteins present extremely low permeability across 
the skin. This fact is essentially due to the natural physical barrier characteristics of the 
skin. Furthermore, the permeability of large molecules through intact skin remains a 
challenging strategy to allow skin absorption of compounds over 500Daltons.  

The aim of this work is to develop nanoformulations for transdermal perfusion 
enhancing their penetration through the skin. For that, a novel oil-based nanodispersion 
of Albumin with Molecular Weight of 66 KDa was coated with hydrophobic surfactant 
molecules. The penetration of these Albumin nanodispersions across the skin was 
validated in vitro. The nanodispersion was successfully achieved in transdermal 
perfusion confirmed by confocal and fluorescent microscopy demonstrating that 
Albumin-FITC nanodispersion effectively permeated through the pig skin.  

The ability to form an oil–based nanodispersion of high MW proteins coated with 
hydrophobic surfactant molecules enable new strategies to permeate the skin. 

COLL 746 

Rapidly-dissolvable microneedle patches via a highly scalable and reproducible 
soft lithography approach 
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Cancer Center, The University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, 
United StatesÂ  (3) Institute for Advanced Materials, NanoScience, and Technology, 
The University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, United StatesÂ  
(4) Department of Pharmacology, Eshelman School of Pharmacy, The University of 
North Carolina at Chapel Hill, Chapel Hill, NC 27599, United StatesÂ  (5) Carolina 
Center for Nanotechnology Excellence, The University of North Carolina at Chapel Hill, 
Chapel Hill, NC 27599, United StatesÂ  (6) Institute for Nanomedicine, The University of 
North Carolina at Chapel Hill, Chapel Hill, NC 27599, United StatesÂ  (7) Department of 
Chemical and Biomolecular Engineering, North Carolina State Univeristy, Raleigh, NC 



27695, United StatesÂ  (8) Sloan-Kettering Institute for Cancer Research, Memorial 
Sloan-Ketterine Institute for Cancer Research, New York, NY 10021, United States 

It has been proven that delivering therapeutics transdermally via microneedle devices 
can be efficacious while overcoming the extensive side effects of traditional delivery 
methods. A variety of skin-related diseases could be treated by this modality. To 
achieve clinical application, microneedles must overcome the elasticity of skin while 
maintaining controllable shape and composition. Here, we demonstrate the fabrication 
of highly reproducible and completely dissolvable microneedle patches using a soft 
lithography process known as PRINT® (Particle Replication In Non-wetting Templates). 
Biocompatible microneedles were made and penetration and dissolution were evaluated 
by testing patches on ex vivo murine and human skin. Epidermal breach was verified by 
histology and fluorescent drug surrogate was visualized within the skin. Therefore, 
PRINT microneedles can overcome the epidermis and successfully release drug 
surrogate, showing their capability to serve as a valuable transdermal delivery method 
for drug formulations. 

COLL 747 

Surface modified protein nanocapsules for targeted drug delivery 

Alexandra Rollett1, alexandra.rollett@tugraz.at, Barbara Thallinger1, Tamara Reiter1, 
Anna Repic2, Ana Loureiro3,4, Artur Cavaco-Paulo3, Georg M Guebitz1.Â  (1) Institute of 
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Institute for Hygiene and Applied Immunology, Medical University of Vienna, Vienna, 
AustriaÂ  (3) Dept. Textile Eng., University of Minho, Guimaraes, PortugalÂ  (4) Biology 
Department, University of Minho, Braga, Portugal 

For targeted drug delivery it is essential to modify the nanoparticle surface to introduce 
receptor or ligand molecules rendering them recognizable by the target cells. One 
advantage of protein particles is that they provide several functional groups on the 
surface which can be easily used for surface modification. 

Here we present different strategies for surface modification of protein nanoparticles. 
On the one hand simple click-chemistry using chemical cross-linkers was performed to 
achieve a side specific covalent linkage of folic acid on the particle surface. While in 
another approach we established a new enzymatic method to produce an antibody-
protein conjugate avoiding all kind of toxic chemicals. 

Surface modification was monitored by CLSM, LC-MS/MS and SDS-PAGE. 
Furthermore it was demonstrated that folate based nanocapsules are able to target 
folate receptor positive macrophages. ELISA and FACS were used to demonstrate the 
binding ability of conjugated antibody to its antigen. 

COLL 748 



Monitoring oxidative stress and synthesis of chitosan microspheres for iron 
overload therapy 

Endry Nugroho Prasetyo1, Gibson S Nyanhongo1, g.nyanhongo@tugraz.at, Ivana 
Brznova1, Artur Cavaco Paulo2, Georg M. Guebitz1.Â  (1) Institute of Environmental 
Biotechnology, Graz University of Technology, Graz, Select country 8010, AustriaÂ  (2) 
Department of Textile Engineering, University of Minho, GuimarÃ£es, Portugal 

Although iron is essential for many metabolic functions “free iron” participates in the 
generation of free radicals through Fenton´s Chemistry resulting in the depletion of 
antioxidants and driving the body into oxidative stress. Oxidative stress is implicated in 
the pathogenesis many cardiovascular, cancer and neurodegenerative diseases. This 
study presents novel iron chelators based on coupling iron-chelating moieties onto 
chitosan microspheres. In vitro reaction showed successful coupling of the phenolic 
molecules as confirmed by HPLC-MS and FTIR. The functionalized chitosan 
microspheres chelated >70 % as compared to the control. Similarly a method able to 
monitor the level of oxidants, antioxidants and detect the onset of oxidative stress was 
developed. This method based on enzymatically generated tetramethoxy 
azobismethylene quinone (TMAMQ) uses two complimentary approaches. In the 
presence of antioxidants TMAMQ, a deeply purple quinone is reduced to 
syringaldazine. Therefore the reduction of TMAMQ or production of syringaldazine can 
be monitored. 

COLL 749 

Effects of Diblock Copolymers On Droplet Coalescence, Emulsification, and 
Aggregation In Immiscible Homopolymer Blends 

David L. Green1, dlg9s@virginia.edu, Timothy E. Long2.Â  (1) Chemical Engineering, 
Unversity of Virginia, Charlottesville, VA 22904, United StatesÂ  (2) Chemistry, Virginia 
Tech, Blacksburg, VA 24061, United States 

Using rheo-optical techniques, we investigated the impact of interfacial wetting of 
symmetric diblock copolymers (BCPs) on the coalescence and aggregation of 
polydimethylsiloxane (PDMS) droplets in immiscible polyethylene-propylene (PEP) 
homopolymers. Anionic polymerization was used to synthesize well-defined matrix 
homopolymers and PDMS-b-PEP diblock copolymers with low polydispersity (PDI ∼ 
1.02) as characterized with size exclusion chromatography and nuclear magnetic 
resonance spectroscopy. Blends were formulated to match the viscosities between the 
droplets and the matrix. Moreover, molecular weights of these components were varied 
to ensure that the inner block of the copolymer inside the droplet was collapsed and dry, 
whereas the outer block of the copolymer outside of the droplet was stretched and wet. 
Droplet breakup and coalescence as well as interfacial surface tensions were measured 
using rheo-optical experiments with Linkam shearing stage and an optical microscope. 
Subsequent to droplet breakup at high shear rates, we found that the BCPs mitigated 
shear-induced coalescence at lower shear rates. Increased BCP stretching was inferred 



from surface tension measurements, which indicate that BCP stretching causes the 
droplet surface to saturate at lower BCP coverages in line with theoretical predictions 
from wet-dry brush systems. Droplet aggregation was detected with further reductions in 
shear rate, which was attributed to the dewetting of the matrix from a saturated brush. 
Ultimately, the regions of droplet coalescence and aggregation were scaled by 
balancing the forces of shear with those due to the attraction between BCP-coated 
droplets. 

COLL 750 

DEVELOPING NEW TECHNOLOGIES FOR ENHANCED OIL REMOVAL USING 
BENIGN PARTICLES AND BIOMOLECULES 

Pradeep Venkataraman1, pvenkata@tulane.edu, Bhanukiran Sunkara1, Sukshma 
Fating1, Jibao He2, Vijay T John1, Srinivasa R Raghavan3.Â  (1) Department of 
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Biomolecular Engineering, University of Maryland, College Park, Maryland 20742, 
United States 

Removal of surface oil from a spill using magnetic nanocomposites has recently gained 
a lot of attention. Here, we describe a novel technology for enhancing the removal of 
surface oil from a spill using an environmentally benign method. We specifically focus 
on using hydrophobically modified chitosan and magnetic carbon microspheres. The 
magnetic iron carbon composites are synthesized using a simple aerosol based process 
using inexpensive precursors such as sucrose and iron sulfate. The iron oxide particles 
embedded in carbon matrix preferentially remain in the oil phase. The alkyl chains 
attached to chitosan polymer backbone anchor at the oil water interface allowing the 
polymer to span the crude oil droplets resulting in a gel-like aggregate. The 
measurement of dynamic modulus of the oil phase shows shear thinning gel-like 
characteristics. This gel-like phase of crude oil droplets containing magnetic carbon 
spheres can be removed as an aggregate using a strong magnet resulting in enhanced 
recovery of crude oil. 

COLL 751 

Active Alcoholic Solutions and Silane-in-Water Emulsions for the Formation of 
Siloxane Based Films from Hydrosilane/Alkoxysilane Condensation 

Vinodh Rajendra, rajendv@mcmaster.ca, Michael A. Brook.Chemistry and Chemical 
Biology, McMaster University, Hamilton, Ontario L8S 4L8, Canada 

Sol-gel processes, both acid- or base-catalyzed, are the traditional and efficient way to 
prepare siloxane-based elastomers and coating of a variety of types. However, 
controlling the kinetics of the process and managing shelf life, which is affected by 



humidity, is challenging. The condensation of hydro- with alkoxysilanes catalyzed by 
B(C6F5)3 provides an alternative route to highly reticulated siloxane films that is less 
susceptible to humidity. Combinations of tetraalkoxysilane and tetrahydrosiloxanes 
could be formulated in various alcohols to give solutions that are stable over months. 
After coating substrates, however, the catalyst is activated and leads to rapid formation 
of films or, at will, foamed structures. By contrast, when formulated in water, emulsions 
form with droplets that are stable over weeks. The conversion to films by coating 
substrates and drying leads to fused particle films of high porosity. The ability to control 
film structure in the two cases will be discussed. 

COLL 752 

Effect of composition and formulation variables in biomass flooding capacity by 
o/w microemulsions 

Carlos A Carrillo1,2, cacarril@ncsu.edu, Daniel Saloni1, Orlando J Rojas1,3,4.Â  (1) 
Forest Biomaterials, North Carolina State University, Raleigh, North Carolina 27695-
8005, United StatesÂ  (2) School of Chemical Engineering, Universidad de Los Andes, 
Merida, Merida 5101, VenezuelaÂ  (3) Department of Forest Products Technology, 
Aalto University, Espoo, FinlandÂ  (4) Department of Chemical and Biomolecular 
Engineering, North Carolina State University, Raleigh, North Carolina 27695, United 
States 

The relation between microemulsion formulation and the ability to effectively penetrate 
the complex capillary structure of wood is discussed. We have proven that biomass 
impregnation via complex fluids enhances fluid penetration in, e.g., wood (JCIS 381, 
171–179, 2012); however, there still was uncertainty about the role of emulsion 
formulation. In this investigation we developed microemulsions with different 
compositions and physical-chemical formulations and the extent of their penetration in 
different wood species was evaluated. Oil concentration and the salinity of the aqueous 
phase critically affected the extent of the penetration. In general, compositions leading 
to high viscous systems were less effective for wood impregnation. In addition, 
surfactant choice and the synergies in surfactants mixtures played an important role as 
far as the extent and dynamics of fluid penetration. This is explained by the affinity 
between the surfactant(s) and the solid which contains conductive elements with 
different biomolecular constituents. With the appropriate surfactant mixture it was 
possible to enhance the penetration of the microemulsions in white pine from 15 to 
83%, compared to water at atmospheric pressure and room temperature. Overall, the 
physical and chemical characteristics of the wood specie are shown to have a critical 
influence in the extent of penetration 

COLL 753 

New anionic-nonionic double-tail surfactant for high-temperature and low-salinity 
reservoirs 



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

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

 

 
 

Fig. 1 chemical structure of the surfactants and their interfacial tension behavior 

COLL 754 



Impact of the surface rheology on the kinetics of Ostwald ripening of foams 
stabilized with saponins 

Simeon D Stoyanov, simeon.stoyanov@unilever.com.SMPS, Unilever R&D, 
Vlaadingen, ZH 3133AT, The Netherlands 

Saponins are a class of natural surfactants found in more than 500 plant species. They 
consist of flat hydrophobic head group (triterpenoid or steroid) with hydrophilic 
polysaccharide chains. In previous articles [1, 2, 3] we studied the surface rheological 
behavior of saponin adsorption layers, subjected to steady or oscillatory deformation in 
dilatation or shear. Generally triterpenoids exhibited high modulus both in dilatation (E) 
and in shear (G) deformation, while steroids had moderate modulus in dilatation, and 
negligible modulus in shear. The surface properties of saponins make them very good 
foam stabilizers. In this work we study the kinetics of Ostwald ripening (OR) of saponin-
stabilized foams. We use various saponins, with well-characterized surface rheological 
properties. The change of the bubble size over time was measured. Then we followed a 
procedure described in [4] to calculate the gas permittivity, k, of the adsorption layer 
from the evolution of the bubble size distribution. Triterpenoids inhibited significantly the 
rate of OR. Steroids also had an inhibitory effect, but it was much less pronounced. No 
clear correlation was established between the rate of OR and the surface modulus in 
particular mode (shear or dilatational). The impact of other surface properties and 
phenomena on the rate of OR is discussed: (1) Magnitude of E+G; (2)Surface stress; 
(3)Hysteresis during expansion/compression cycle of the surface. 

COLL 755 

Evaporative destabilization of double emulsions for effective triggering of release 

Yuly A Jaimes-Lizcano1, yjaimes@tulane.edu, Qing Wang1, Edith C Rojas2, Kyriakos 
D Papadopoulos1.Â  (1) Department of Chemical & Biomolecular Engineering, Tulane 
University, New Orleans, LA 70118, United StatesÂ  (2) AMCOL International 
Corporation, Hoffman Estates, IL 60192, United States 

Double-emulsion formulations have a compartmentalized structure that can provide high 
capacity of entrapment, protection of fragile substances, combination of incompatible 
substances in one product, and controlled release. We successfully prepared volatile 
water-in-oil-in-water (W1/O/W2) double emulsions with a cream-like texture for potential 
application in dermal delivery. This was achieved by selecting skin-compatible and 
volatile cyclomethicones, as the oil phase (O) of W1/O/W2 double emulsions. Several 
surfactants (Abil® EM90, Abil® Care 85, and Tween 80) were used to stabilize the 
double emulsion structure and TEGO® Carbomer 341 ER thickener was added to reach 
a viscosity ratio that allowed optimal formation of double-emulsion globules. 

The double-emulsion's evaporation behavior was studied by use of thermogravimetric 
analysis (TGA) in order to understand the release mechanism of the internal aqueous 
phase (W1). The evaporation rates for the different double emulsions were compared 



against a mathematical model system, in which all three phases were expected to 
evaporate simultaneously, independently, and at constant rate. Some similar 
characteristics between the model and the experimental data such as total evaporation 
time and presence of different evaporation stages were found. Finally, protein release 
studies at skin-like thermal conditions were carried out. It was found that the 
evaporation of W1/O/W2 double emulsions may act as an effective trigger mechanism 
for the release of ingredients in the W1 phase. The release rate of the contents can be 
tuned by composition design, that is, by selecting oils with the appropriate volatility; the 
higher the volatility of the oil the faster the release rate of the internal aqueous phase. 

The understanding of the evaporation mechanism exhibited in volatile double-emulsion 
formulations is important for the controlled release of active substances involving 
applications of interest for cosmetic or pharmaceutical industries. 

COLL 756 

Effects of Water Volume on Interfacial Dynamic Behaviors between Clathrate 
Hydrates and Water 

Minjun Cha, minjun.cha@gmail.com, Alexander Couzis, Jae W Lee.Chemical 
Engineering, The City College of New York, New York, NY 10031, United States 

This work investigated the effect of water volume on the interfacial dynamic behavior 
between cyclopentane (CP) hydrates and water droplet in a CP/n-decane oil mixture. 
The interfacial force between CP hydrates and water droplet was identified by using the 
z-directional microbalance. Repetition of precise measurements over several cycles 
from contact to detachment is obtained from 100 to 600 μL of water droplet. It is 
confirmed that as the volume of water droplet increases, the contact force between CP 
hydrates and water also increases up to 300 µL. In addition, there is no significant 
change of contact force over 300 µL of water droplet. We also identified the effect of 
surfactant solutions including sodium-dodecyl sulfate (SDS) and dodecyl-
trimethylammonium bromide (DTAB) on the interfacial force. These results provide 
useful information and new insights for understanding complex behavior of hydrate 
particles on the consideration of flow assurance approaches. 

COLL 757 

Mechanism of double phase separation of aqueous two-phase copolymerization 
of acrylamide and quaternary ammonium cationic monomers 

Kuanxiang Shang, 05hgygyskx@zju.edu.cn, Guorong Shan.Department of Chemical 
and Biological Engineering,Zhejiang University, State Key Laboratory of Chemical 
Engineering, Hangzhou, Zhejiang 0571, China 

In the aqueous two-phase copolymerization of acrylamide and 2-methylacryloylxyethyl 
trimethyl ammonium chloride (DMC), double phase separation was first observed. To fix 



the critical points, spectrophotometer was employed to detect the transmittance of 
copolymerization system on-line. The transmittance curves showed three intervals. At 
1st interval, transmittance keeps constant at the beginning, and then drops off quickly. At 
2nd interval, transmittance stops dropping and begins to increase. And at 3rd interval, 
transmittance stops to keep constant for a moment, and then drops rapidly to nearly 
zero. When acrylamide was copolymerized with different monomers, the double phase 
separation process can be observed only for DMC and acryloylxyethyl trimethyl 
ammonium chloride (DAC). It confirms that the double phase separation is attributed to 
the cationic nature of DMC and DAC. And then after a series of valid experiments, 
mechanism of the double phase separation process of the aqueous two-phase 
copolymerization system was brought up. 

COLL 758 

Fundamental property and Functional Aptitude Relationships in Emulsion and 
Foam Applications of Amphiphilic Compounds 

Hary L Razafindralambo, h.razafindralambo@ulg.ac.be.Department of Gembloux 
Agro-Bio Tech, University of Liege, Gembloux, Wallonie 5030, Belgium 

Amphiphilic compounds are issued of a combination of two opposite entities, covalently 
assemblied within a single structure. By the diversity of the origin, class, number of 
monomer and substitute, size, linker or spacer, stereochemistry of the molecular 
entities, their chemical structure may be very different but also close each other. 
However, they may fulfill the same role in reducing surface and interfacial free energy in 
dynamic or static ways, ensuring especially the formation of dispersed systems like 
emulsion and foam. If the relationships between the structural variable and fundamental 
properties are strictly chemical residue dependent, those between fundamental and 
functional aptitudes are not necessarily. In this case, general and universal rules may 
exist, whatever the kind of amphiphilic compounds. In order to achieve a rational design 
for any expected functionality, we attempt to find out some predictive and conception 
rules from a lot of screening data of fundamental and functional properties. In this 
communication, some correlations between fundamental data related to surface and 
interfacial properties, measured by molecule adsorption or spreading under dynamic or 
static mode, in compression or dilation of adsorbed or spread film, and emulsifying and 
foaming performances of various bio-based surfactants will be presented. 

COLL 759 

DNA directed multi-enzyme co-localization on nanoparticles 

Feng Jia, fjia@iastate.edu, Surya Mallapragada, Balaji Narasimhan.Department of 
Chemical and Biological Engineering, Iowa State University, Ames, Iowa 50011, United 
States 



Widely existing multi-enzyme complexes (MECs) in nature exhibit highly efficient 
catalytic mechanism in cascaded reactions, which has inspired researchers to develop 
novel strategies to mimic MEC structure and function in vitro. It has been found that the 
spatial arrangement and orientation of multiple enzymes in artificial MECs plays a 
significant role in facilitating cooperative enzymatic activity. DNA hybridization provides 
unique effective control of the relative positions of different enzymes in multi-enzyme 
co-localization. It is also known that, compared to planar surfaces, a spherical geometry 
is more suitable for co-localization of multiple layers of enzymes due to lesser steric 
hindrance. To demonstrate this concept, glucose oxidase (GOX) and horseradish 
peroxidase (HRP) were co-localized onto polystyrene nanoparticles via specific DNA 
hybridization. In comparison with planar polystyrene films, it was shown that the 
nanoparticles provided higher hybridization efficiency. This behavior was also shown to 
be a function of particle size. Various capture DNA concentrations were compared and 
optimized. The co-localization of GOX and HRP were evidenced by FRET studies of the 
dyes labeling the two enzymes. In addition, different molar ratios of multiple enzymes in 
DNA directed co-localization were investigated. In summary, DNA directed co-
localization of enzymes provides precise control over the relative positions of the 
enzymes to mimic MECs. 

COLL 760 

Self assembled systems the conservation of cultural heritage 

Piero Baglioni1, baglioni@csgi.unifi.it, MIchele Baglioni1, Debora Berti1, Jose' 
Teixeira2.Â  (1) Department of Chemistry& CSGI, University of Florence, Florence, 
ItalyÂ  (2) CEA/CNRS, Laboratoire LÃ©on Brillouin, CEA Saclay, bÃ¢t. 563, France 

New perspectives have been opened by the application of self-assembled systems to 
Conservation, generating a breakthrough in the development of innovative tools for the 
conservation and preservation of cultural heritage. This contribution is an overview of 
the most recent methodologies developed in the Conservation field, focusing on 
amphiphilic systems, and gels. We report on the characterization of two systems, EAPC 
and XYL, which have shown good to optimal performances in the removal of organic 
polymers from wall paintings. EAPC is a five-components fluid composed of water, 
sodium dodecylsulfate (SDS), 1-pentanol (PeOH), propylene carbonate (PC), and ethyl 
acetate (EA), while XYL is a “classical” o/w microemulsion where p-xylene droplets are 
stabilized in water by SDS and PeOH. Small-angle neutron scattering (SANS) with 
contrast variation is used to infer a detailed picture of the structure of these complex 
fluids. We found that the composition and the structure at the nanoscale determine the 
capability of removing a broad range of different polymer coatings from porous 
materials. 

@No kinship exists among authors 

COLL 761 



Enzymatic decontamination of organophosphate agents: From enzyme-polymer 
conjugate to micelle self-assembly 

Nisaraporn Suthiwangcharoen, Nisaraporn.Suthiwangcharoen@us.army.mil, 
Ramanathan Nagarajan.Natick Soldier Research and Development Engineering Center, 
Natick, MA 01760, United States 

The use of enzyme based decontamination has attracted a lot of attention due to its 
potential use in the non-toxic and non-corrosive decontamination of chemical warfare 
agents (CWAs). We describe a novel decontamination formulation based on a 
conjugate of block-copolymer with enzymes such as bovine serum albumin (BSA) that 
are capable of binding and degrading various organophosphate pesticides. Pluronic 
block-copolymers were employed to increase the solubility of the CWAs. The BSA was 
first chemically conjugated to Pluronic, and the BSA-Pluronic conjugate spontaneously 
self-assembles into micelles with a controllable size. The hydrolytic activity of 
organophosphate agents by the micelles was determined using paraoxon as a 
substrate, and the results show that the micelles have a higher enzymatic activity than 
that of the free BSA. We hypothesize that micelles increase the solubility of the CWAs 
by sequestering them into micelles and enhance the localization of the BSA, allowing a 
better enzyme-substrate interaction. 

COLL 762 

Emulsification of Aqueous-Based Liquid Crystals by Single-Chain Surfactants 
and Effect of Odd-Even Parity of Alkyl-Chain on Droplet Formation 

Nisha Varghese1, nvarghes@syr.edu, Gauri S Shetye1, Debjyoti Bandyopadhyay1, 
Robert P Smith2, Stephan Wilkens3, Yan-Yeung Luk1.Â  (1) Department of Chemistry, 
Syracuse University, Syracuse, NY 13244-4100, United StatesÂ  (2) Department of 
Sustainable Construction Management and Engineering, State University of New York 
College of Environmental Science and Forestry SUNY-ESF, Syracuse, NY 13210, 
United StatesÂ  (3) Department of Biochemistry and Molecular Biology, State University 
of New York Upstate Medical University, Syracuse, NY 13210, United States 

Single-chain surfactants usually emulsify oily substances in water. Here, we report a co-
assembly system in which generic single-chain anionic or nonionic surfactants emulsify 
a class of water-soluble, nonamphiphilic organic salts in water. The encapsulation of the 
hydrated threads of nonamphiphilic organic salts by surfactants promotes formation of 
chromonic liquid crystal droplets with tactoidal and radial shapes. The odd-even parity 
of alkyl chain length also oscillates the ability of the single-chain surfactant to emulsify 
the nonamphiphilic molecules in the water-based liquid crystal droplets. Confocal 
fluorescence microscopy with 0.002 wt% of fluorescently tagged surfactant and TEM 
microscopy using negative staining supported a bilayer coating of the single-chain 
surfactants on the droplets, consistent with the formation of giant vesicles. The 
molecular assembly in the liquid crystal droplets was characterized by cryoTEM. These 



new self-assemblies have the potential for fabrication of new soft organic 
microcapsules. 

COLL 763 

Efficient synthesis of amine-functional diblock copolymer nanoparticles via RAFT 
dispersion polymerization of benzyl methacrylate in alcoholic media 

Elizabeth R Jones, cha07erj@sheffield.ac.uk, Mona Semsarilar, Steven P 
Armes.Department of Chemistry, University of Sheffield, Sheffield, South Yorkshire S3 
7HF, United Kingdom 

Benzyl methacrylate (BzMA) is polymerised via reversible addition-fragmentation chain 
transfer (RAFT) chemistry under alcoholic dispersion polymerization conditions in 
ethanol using a poly(2-(dimethylamino)ethyl methacrylate) (PDMA) chain transfer agent 
(CTA) at 70˚C. Polymerization-induced self-assembly (PISA) can lead to formation of 
either spherical micelles, worm-like micelles or vesicles. The preferred morphology 
depends on the molecular curvature of the PDMA-PBzMA diblock copolymer chains. 1H 
NMR confirms that high monomer conversions are achieved within 24 h (>99%), THF 
GPC analyses indicate relatively low polydispersities (Mw/Mn< 1.30) for the diblock 
copolymers, suggesting good pseudo-living character. When transferred from ethanol to 
water, the nanoparticles remain colloidally stable and acquire appreciable cationic 
character, as judged by DLS and aqueous electrophoresis studies, respectively. Using a 
relatively long PDMA CTA allows near-monodisperse spherical micelles with tunable 
diameters from 30 to 100 nm to be prepared simply by varying the target degree of 
polymerization of the core-forming PBzMA block. 

COLL 764 

Unraveling the origin of the viscosity peak in micellar solutions by cryo-TEM 

Dganit Danino, dganitd@tx.technion.ac.il.Biotechnology and Food Engineering, 
Technion, Haifa, Israel 

Our filed has established profound understanding of most of the key aspects of 
micellization. An exception is the origin of the viscosity peak in micellar solutions 
discovered by Prof. Hoffmann more than 2 decades ago, which remains a puzzling 
phenomenon to-date. That pioneering work and following studies in charged and 
uncharged systems reported that the zero-shear viscosity can become a million times 
greater than the solvent viscosity, and display one or two maxima. The growths rules 
responsible for the first viscosity decrease are not resolved, and there is no clear 
explanation for the existence of a second maximum region. Using cryo-TEM we 
revealed a number of growth mechanisms and structures along the first peak, and for 
the first time resolved the nanostructures associated with the second viscosity peak. 
Moreover, we established a clear understanding of micellar growth laws affecting the 
viscosity, and the relations between the chemical structure, the micelles nanostructure, 



and the solution viscosity. This understanding allows us to predict the formation of a 
viscosity peak and the mechanism associated with the viscosity decrease, for some 
given compositions. 

COLL 765 

Light scattering maxima near micellar CMC and relationship to target molecule 
loading capacity and release 

Zifu Zhu, zzhu@tulane.edu, Wayne F Reed.Department of Physics, Tulane University, 
New Orleans, Louisiana 70118, United States 

A sharp maximum in light scattering occurs in many surfactant solutions when they are 
diluted through their critical micelle concentration (CMC). This effect has historically 
been linked to impurities in the micellar solutions. Monitoring of the scattering and 
intrinsic viscosity behavior of sodium dodecyl sulfate (SDS) micelles under a gradient 
dilution when they are deliberately loaded with an impurity (dodecanol) allows unusual 
features of the scattering maximum to be explored and linked back to micelle behavior. 
The concentration at which the onset of the maximum occurs, its width, and the 
scattering amplitude are directly related to the ratio of impurity to surfactant and further 
correlated with the loading capacity of the micelles. The data suggest that the release of 
dodecanol nanoparticles as the CMC is approached is responsible for the scattering 
behavior. The ionic strength of the aqueous solution has extremely strong effects on all 
the features of the scattering maximum and its relationship to impurity loading capacity 
and release. A model for these experimental characteristics is presented in this work. 

COLL 766 

Characterization of the thermotropic properties of novel catanionic surfactants 
existing as room-temperature liquid crystals 

Robin Jose1, joser@uhd.edu, Tilesh J Patel1, Troy A Cather1, Janusz Grebowicz1, 
Haesook Han2, Pradip K Bhowmik2.Â  (1) Naturalsciences, University of Houston-
Downtown, Houston, TX 77002, United StatesÂ  (2) Chemistry and Biochemistry, 
University of Nevada Las Vegas, Las Vegas, NV 89154, United States 

A series of catanionic surfactants were synthesized from single- and double-chain 
quaternary- ammonium surfactants as the cationic counterpart and bis-(2-
ethylhexyl)sulfosuccinate as the anionic counterpart by ion-exchange metathesis 
reaction involving the corresponding quaternary ammonium surfactant and the sodium 
salt of the anionic surfactant. Their thermal as well as liquid crystalline properties were 
studied by Thermo Gravimetric Analysis (TGA), Differential Scanning Calorimetry 
(DSC), Hot-Stage Polarized Light Microscopy (HSPLM), and X-ray Diffraction (XRD). 
They exist as room-temperature liquid crystals. 



 

 
 

COLL 767 

Salt bridging of surfactant template in the synthesis of submicrometer hollow 
particles 

Olasehinde G Owoseni, oowoseni@tulane.edu, Yueheng Zhang, Vijay 
John.Department of Chemical and Biomolecular Engineering, Tulane University, New 
Orleans, Louisiana 70118, United States 

Hollow particles are promising for various applications in catalysis, rechargeable 
batteries, gas sensors, drug delivery systems and biomedical imaging agents. The 
structural transition from ordered mesoporous to hollow particles is possible by 
exploiting surfactant self-assembly and preferential partitioning between different 
species in the precursor solution. In our previous work, the synthesis of submicrometer 
hollow silica particles encapsulating ferromagnetic iron oxide using the aerosol-based 



process has been described. The objective here is to investigate the colloidal 
interactions that produce these hollow particles through the aerosol-based process. We 
hypothesize that the structural transition results from the disruption of the co-assembly 
of silicate and surfactant (CTAB), by the preferential partitioning of surfactant to FeCl3 
by salt bridges. The salt bridging effect in the precursor solution will be characterized by 
light scattering, NMR spectroscopy and electrospray ionization mass spectrometry (ESI-
MS). This knowledge is essential in designing materials for various applications. 

COLL 768 

The Growing Importance of Reverse Micelles in Understanding Industrial Metals 
Separations 

Ross J Ellis, rellis@anl.gov.CSE, Argonne National Laboratory, Argonne, Illinois 
60439, United States 

70 years of research into solvent extraction – a hugely important industrial metals 
separations method – has traditionally been understood in terms of metal ion 
coordination chemistry. More recently, however, reverse micelles (RMs) have been 
found to play a significant role in the separation properties of solvent extraction 
systems. We explore the effect of RMs on metal separations, presenting both current 
understanding and new results that suggest that these aggregates are pivotal in 
defining the physical behavior of solvent extraction systems. Understanding solvent 
extraction in terms of micelles joins two mature fields of science to yield fresh insight 
into the fundamental mechanisms driving industrial separations. Realizing control of the 
nano-scale micellar behavior in solvent extraction systems through fundamental 
research may result in significant improvements to commercial separations processes 
including nuclear fuel reprocessing as well as precious, rare earth and base metal 
production. 

COLL 769 

Diamond-based "smart" electrodes for electro- and photocatalysis 

Robert J Hamers, rjhamers@wisc.edu, Shu Yao, Rose E Ruther, Matthew Rigsby, 
James Gerken, Shannon S Stahl, John Berry, Di Zhu, Linghong Zhang, Qiang 
Cui.Department of Chemistry, University of Wisconsin-Madison, Madison, WI 53706, 
United States 

One of the key challenges in renewable energy is the development of robust, selective 
electrocatalytic interfaces. Recently, diamond has emerged as an ideal platform for 
hybrid electrodes because of diamond's extreme stability over a wide range of pH and 
electrochemical potentials. Diamond thin films and doped polycrystalline substrates are 
inexpensive and provide unprecedented stability. By covalently linking molecular 
catalysts such as coordination complexes and/or porphyrins to diamond electrodes 
using "click" chemistry, we are aiming to make "smart" electrodes that combine the 



stability and ease of handling of diamond with the selectivity of molecular catalysts. One 
key issue has been understanding how electron transfer rates of surface-tethered redox 
complexes are affected by the molecule-surface linkage, where we observe results 
quite different from those of traditional self-assembled monolayers. Using this approach 
we have made surface-tethered Ru coordination complexes with excellent 
electrochemical behavior even at high potentials, and also surface-tethered porphyrins 
able to reduce CO2 to CO. Finally, we are also exploring a completely new approach to 
photocatalysis, using diamond electrodes as a direct solid-state electron emitter to 
enable very difficult electrochemical reduction reactions beyond the limits of existing 
molecular catalysts. 

COLL 770 

Electrochemical coversion of CO2 to organic products in an aromatic amine 
catalyzed environment 

Andrew B. Bocarsly, bocarsly@princeton.edu, Elizabeth L. Zeitler, Kuo Liao, Yuan He, 
Jing Gu, Yong Yan, Travis W. Shaw, Robert P, L'Esperance.Department of Chemistry, 
Princeton University, Princeton, New Jersey 08544, United States 

We have proposed the electrosynthesis of alcohols from CO2 as an energy conversion 
and storage approach, which recycles atmospheric carbon. However, the large 
activation energy associated with this multielectron, multiproton reduction makes 
conversion of CO2 problematic. Electrochemical and photoelectrochemical schemes for 
this conversion only become possible if the system activation overpotentials can be 
lowered to ~200-400mV. To this end, we have discovered that aqueous aromatic 
amines such as pyridinium or imidazolium are efficient catalysts for the reduction of CO2 
at a variety of metal and semiconductor cathodes. At an illuminated p-GaP cathode, we 
find that faradaic efficiencies can be >95%, for methanol production when run at 200mV 
of underpotential. At platinized p-GaAs photocathodes carbon-carbon coupling is 
observed to dominate producing isopropanol and acetone as the major products when 
pyridinium is utilized as the electrocatalyst. The observed reduction involves a mediated 
charge transfer process, which is initiated by the one electron reduction of the aromatic 
amine. We hypothesize this transformation occurs through the formation and reduction 
of a carbamate intermediate. 

COLL 771 

Si nanowires-based carbon dioxide fixation with highly specific organic products 

Rui Liu, Guangbi Yuan, Carrolyn Stephani, Kian L. Tan, Dunwei Wang, 
dunwei.wang@bc.edu.Department of Chemistry, Boston College, Chestnut Hill, MA 
02467, United States 

Natural photosynthesis harvests the energy in visible light to power chemical 
reactions and uses CO2 as the carbon source. Because light as an energy source 



is free and abundant, chemical reactions similar to photosynthesis have major 
fundamental and practical implications. Indeed, significant efforts have been 
attracted to this research goal. The majority of attention for photochemical 
reactions that transform CO2 have focused primarily on conversion into fuels. 
How to learn from photosynthesis and devise reaction routes for the synthesis of 
useful organic compounds receives relatively underwhelmed considerations. 
Drawing inspiration from the mechanisms found in dark reactions of 
photosynthesis and using p-type Si nanowires as a photocathode, here we show 
that highly specific reactions can be readily carried out to produce a-hydroxy 
acids by photoreduction of aromatic ketones, followed by CO2 fixation. Powered 
by visible light, this reaction is in close resemblance to natural photosynthesis, 
and different from its electrochemical analogues. The carboxylation products of 
two of the substrates examined in this communication serve as precursors to 
nonsteroidal anti inflammatory drugs (NSAID), ibuprofen and naproxen. 

COLL 772 

Electrochemical CO2 reduction catalyzed by oxide-derived metal nanoparticles 

Matthew Kanan, mkanan@stanford.edu.Department of Chemistry, Stanford University, 
Stanford, CA 94305, United States 

Metal nanoparticles prepared by reducing bulk metal oxide precursors are energetically 
efficient and robust catalysts for the electrochemical reduction of CO2 to CO and other 
simple carbon feedstocks. This talk will describe the physical properties and catalytic 
activities of the “oxide-derived nanoparticles” of Cu, Au, Ag and Pd. We will present 
evidence that the oxide reduction process kinetically traps metastable surface structures 
on the nanoparticles that are responsible for their exceptional CO2 reduction activities. 
In addition, the catalysts' resistance to deactivation has enabled the measurement of 
electrokinetic parameters that illuminate mechanistic features of their CO2 reduction 
pathways. Metal oxide reduction represents a “top-down” approach to metal 
nanoparticle synthesis that may provide access to unique surface structures for both 
electrochemical and non-electrochemical catalysis. 

COLL 773 

Highly efficient mononuclear iridium complex photocatalyst for CO2 reduction 
under visible light 

Shunsuke Sato1,2, ssato@mosk.tytlabs.co.jp, Takeshi Morikawa1, Tsutomu Kajino1.Â  
(1) Frontier Research Center, Toyota Central R&D Labs.,Inc, Nagakute, Aichi 480-1192, 
JapanÂ  (2) Precursory Research for Embryonic Science and Technology (PRESTO),, 
Japan Science and Technology Agency (JST), Kawaguchi, Saitama 332-0012, Japan 

We have successfully developed mononuclear Ir complex photocatalysts for efficient 
and selective CO2 reduction to CO, which are driven by visible light in a homogeneous 



solution even in the H2O mixed solution. The most efficient Ir complex photocatalyst 
showed TNCO value of 50 and the quantum yield ФCO of 0.21, which is the best reported 
value in homogeneous photocatalytic systems using visible light at wavelengths such as 
480 nm. The reaction mechanism of efficient photocatalytic CO2 reduction using the Ir 
complex was determined using 1H-NMR, ESI-MS, and absorption change spectra. The 
Ir complex was transformed into iridium-hydride complex during the photocatalytic 
reaction, i.e., iridium-hydride complex is the active photocatalyst. As for the reaction 
mechanism, it is speculated that one-electron-reduced species of iridium-hydride 
complex can react with CO2 and that iridium-hydride complex probably donates 
electrons to the CO2 adduct. 

COLL 774 

Photonanomaterials for CO2 reduction to methanol 

Angela Dibenedetto1, angela.dibenedetto@uniba.it, Michele Aresta1, Wojtek Macyk2, 
Tomasz Baran2.Â  (1) Department of Chemistry and CIRCC, Bari, ItalyÂ  (2) Faculty of 
Chemistry, Jagiellonian University, Krakow, Poland 

CO2can be converted into methanol, through the intermediate steps of reduction to 
formic acid and formaldehyde using a triad of enzymes such as formate dehydrogenase 
(FatoDH), formaldehyde dehydrogenase (FaldDH) and alcohol dehydrogenase (ADH). 

In each reductive step one mole of NADH is oxidized to NAD+that has to be converted 
back to NADH in order to make the process acceptable from an economic point of view. 
Such regeneration can be accomplished by chemical, electrochemical, photochemical 
or photoelectrochemical processes. 

Recent studies have shown that the photosystems can be integrated with enzymes and 
give interesting results. Different semiconducting materials have been prepared: 
transition metals sulphides and nonstoichiometric mixed sulphides, materials modified 
with metal cocatalysts, composites of metal oxides like Cu2O/TiO2and the other like 
vanadate ect. 

Here, we describe the behaviour of some semiconductors and show that they are 
interesting agents for the reduction of NAD+ and the regeneration of NADH. 

COLL 775 

Multielectron Oxidation of Water Mediated by Mn Oxides: Mechanism and Visible-
light Sensitization for Artificial Photosynthesis 

Ryuhei Nakamura, nakamura@light.t.u-tokyo.ac.jp.Department of Applied Chemistry, 
The University of Tokyo, Tokyo, Tokyo 113-8656, Japan 



The water oxidation reaction occurs at the extraordinary high catalytic activity in the 
naturally occurring photosynthetic Mn centre. However, synthetic manganese 
compounds are quite inefficient for this oxidation reaction and it hampers the utilization 
of inexpensive and abundant Mn oxides as a component for artificial photosynthesis. In 
this presentation, based on the recent finding that surface-associated Mn(III) serves as 
the rate-determining intermediate species for electrooxidation of water by Mn oxides, 
the author discusses the plausible origin of the remarkable difference in catalytic activity 
between the photosynthetic and the synthetic Mn catalysts. The author also discusses 
the way to couple O2-evolving Mn-oxide catalysts to CO2 reducing units to accomplish 
fuel production under visible light irradiation. 

COLL 776 

Tip-Enhanced Raman Spectroscopy Investigation of the Adsorption of 
Osteopontin to Calcium Oxalate Monohydrate Crystals. 

Francois Lagugné-Labarthet, flagugne@uwo.ca, Nastaran Kazemi-Zanjani, Farshid 
Pashaee.Chemistry, University Western Ontario, London, Ontario N6A5B7, Canada 

Tip enhanced Raman Spectroscopy (TERS) is a sensitive surface specific technique 
that combines the spatial resolution of scanning probe microscopy with the chemical 
specificity of Raman microspectroscopy. The TERS tip performs as a nanoscale 
antenna of ~20 nm diameter that scans the object enhancing the Raman signal from the 
optical near-field region of the sample. In this study, TERS was used to investigate the 
adsorption of the phosphoprotein osteopontin onto the surface of a calcium oxalate 
monohydrate microcrystals that are the major constituents of kidney stones. 
Osteopontin is known to be an efficient inhibitor of COM formation and knowledge about 
its interaction and adsorption to distinct facets of the crystal are relevant to prevent the 
formation of such stones. Raman maps along with the observed variation of the relative 
peak intensities of the TERS spectra were collected to probe the distribution of the 
phosphoprotein adsorbed to the crystal. 

COLL 777 

Strategies for highly-ordered and thermally robust organic layers at metal 
surfaces 

Steven L. Tait1, tait@indiana.edu, Daniel Skomski1, Larry L. Kesmodel2.Â  (1) 
Department of Chemistry, Indiana University, Bloomington, Indiana 47405, United 
StatesÂ  (2) Department of Physics, Indiana University, Bloomington, Indiana 47405, 
United States 

The use of small organic molecules to control surface structure as well as electronic and 
chemical functionality is a critical field for the development of inexpensive and highly 
functional organic technologies in energy conversion, sensors, electronics, and other 
applications. We study the self-assembly of highly-ordered organic nanostructures at 



surfaces to develop well-controlled, functional organic layers. Characterization is made 
by high-resolution scanning tunneling microscopy (STM), X-ray photoelectron 
spectroscopy, and high-resolution electron energy loss spectroscopy. Here we report on 
progress using carboxylic acid functional groups both in direct bonding to the Cu(100) 
surface as well as in highly-robust, self-assembled ionically bonded architectures. The 
latter form by an on-surface reaction with NaCl, show uniform ordering with annealing, 
and have high thermal stability, as determined by molecular resolution STM at high 
temperatures. Interfacial organic layers are also studied to enable highly-ordered 
structures from molecules that do not order directly on the metal surface. 

COLL 778 

Inversion of the electric field at the electrified liquid-liquid interface 

Guillermo I Guerrero-Garcia, ivan-guerrero@northwestern.edu, Monica Olvera de la 
Cruz.Department of Materials Science and Engineering, Northwestern University, 
Evanston, IL 60208, United States 

The thermodynamics of the general system of two immiscible electrolytes in the 
presence of an electric field depends strongly on the distribution of ions near the liquid 
interface. Here, we calculate the corresponding electrostatic potential difference, excess 
surface tension, and differential capacity via Monte Carlo simulations, which include ion 
correlations and polarization effects, and via a modified non-linear Poisson-Boltzmann 
theory. Macroscopically, we find good agreement between our results and experimental 
data without needing any fitting parameter. At higher salt concentrations, charge 
overcompensation in the lower-permittivity region is observed, which results in a local 
inversion of the electric field accompanied by charge inversion near the interface. We 
find that these interesting phenomena are mainly driven by the excluded-volume effects 
associated with large organic ions in the oil phase, although polarization effects and 
between-layer ion correlations have a significant impact in the adsorption of ions close 
to the liquid interface. In addition, our Monte Carlo simulations predict that the 
differential capacity is maximal at the point of zero charge, in contrast with the classical 
Poisson-Boltzmann theory results. 

COLL 779 

Sacrificial bonds created with polyelectrolyte and nanoparticles 

Caroline Ankerfors1,2, Torbjörn Pettersson1, torbj@kth.se, Lars Wågberg1.Â  (1) Fibre 
and Polymer Technology, KTH Royal Institute of Technology, Stockholm, Stockholm 
SE-10044, SwedenÂ  (2) Eka Chemicals AB, Bohus, Sweden 

Adhesion of dry and wet surfaces treated with polyelectrolyte complexes (PECs) or 
multilayers (PEMs) of PAH/PAA or CPAM/silica nanoparticles (PPECs or PPEMs) were 
studied using AFM adhesion measurements. The aim was to introduce sacrificial bonds 
similar to those found in human bones between these surfaces. In dry state PEMs gave 



higher adhesion than PECs for the PAH/PAA system, but adhesion did not differ 
significantly between PPEMs and PPECs for the CPAM/nano particle system. However, 
the latter system displayed a multiple-release pattern characteristic for sacrificial bonds. 
The results in wet state showed the expected long-range disentanglement with PPECs 
but the pull-off forces were generally low. Treatment with PPEMs produced higher pull-
off values, together with disentanglement behavior, possibly due to better contact 
between the surfaces. PECs made from PAH/PAA showed significantly higher pull-off 
values compared to the PPECs, probably due to polymer interdiffusion across the 
surface boundary. 

COLL 780 

Adsorption energetics and reactions of ethylene carbonate-lithium and reaction 
pathways on C(0001) 

Wentao Song, wtsong@umd.edu, Satyaveda Bharath, Janice Reutt-Robey.Department 
of Chemistry and Biochemistry, University of Maryland, College Park, Maryland 20742, 
United States 

The decomposition of molecular electrolytes at carbon anode surfaces in Li-ion energy 
storage devices creates a passivating layer known as the solid electrolyte interphase 
(SEI). The energetics and molecular events in the formation of the SEI layer are not yet 
firmly established. To investigate the onset of SEI formation, a Li-HOPG(C(0001))-
ethylene carbonate(EC) model system was created under ultra-high vacuum(UHV). The 
impact of Li+ on the binding of EC towards the C(0001) surface was studied 
quantitatively. Temperature programmed desorption (TPD) spectra showed that the 
0.78±0.06 eV EC binding energy on neat HOPG increases to 1.19±0.10eV upon 
lithiation. At higher lithium loadings, temperature programmed reaction spectroscopy 
(TPRS) was used to track Li-metal induced EC decomposition. Condensation reactions 
involving Li+EC- radicals were followed via C2H4 elimination. Branching between 
different reaction pathways was determined through CO2 fragment yields from 
decomposition products. We compare thermal pathways and branching to 
electrochemical pathways reported in the literature. 

COLL 781 

Formation and characterization of redox active molecules on semiconductor 
surfaces 

Sujitra Pookpanratana, Curt A Richter, Christina A Hacker, 
christina.hacker@nist.gov.Semiconductor and Dimensional Metrology Division, National 
Institute of Standards and Technology, Gaithersburg, MD 20899, United States 

The incorporation of redox active molecules on semiconductor surfaces is important 
from a number of applications such as molecular electronics, sensors, and biological 
and energy-related applications. This presentation will address formation and 



characterization of molecular layers on silicon via two routes. The first route involves the 
formation of aliphatic monolayers on silicon and the inclusion of redox active ions on the 
terminal carboxylate group. The second route involves a click chemistry approach to 
incorporate larger redox active organometallic species to the silicon surface. In both 
cases, the monolayers were characterized with spectroscopic ellipsometry, contact 
angle, Fourier transform infrared spectroscopy, and X-ray photoelectron spectroscopy. 
In addition, the electrical properties of these monolayers were characterized by forming 
metal-molecule-silicon junctions by using multiple soft metallization techniques, which 
include flip chip lamination and an indium gallium eutectic. 

COLL 782 

Designing and Imaging Isolated Bimolecular Stereospecific Structures on a 
Platinum Surface 

Guillaume Goubert, guillaume.goubert.1@ulaval.ca, Richard Loach, Yi Dong, Jean-
Christian Lemay, Raphael Lafleur-Lambert, Vincent Demers-Carpentier, Yang Zeng, 
John Boukouvalas, Peter H McBreen.Department of Chemistry, University Laval, 
Quebec, Quebec G1V 0A6, Canada 

The stereocontrol of chemical reactions on surfaces is one of the most challenging 
tasks in developing new generations of highly selective heterogeneous asymmetric 
catalysts. STM imaging coupled with DFT calculations provides a uniquely powerful 
method for addressing the current lack of a detailed molecular understanding of 
catalytic asymmetric induction on surfaces. In combination, these techniques can be 
used to observe and define transient chemisorbed pre-organization complexes 
operating the chirality transfer. We present sub-molecularly resolved regiospecific and 
stereospecific data for isolated bimolecular and termolecular assemblies formed 
between chiral and prochiral molecules on a platinum surface. The studies were 
performed using a combination of variable temperature STM imaging, DFT calculations, 
catalytic tests, and organic chemistry approaches. The results show how site-specific 
chemisorption can cooperate with multiple non-covalent bonding in the formation of 
stereodirecting complexes. They also show how surface analysis at the molecular scale 
can be bridged to organic chemistry problems. 

COLL 783 

Linking interfacial chemistry of CO2 to surface structures of hydrated metal oxide 
nanoparticles 

Irina Chernyshova, ic2228@columbia.edu, Sathish Ponnurangam, Ponisseril 
Somasundaran.Department of Earth and Environmental Engineering, Columbia 
University, United States 

The surface properties of metal oxide nanoparticles(NPs) are critical for their 
performance as (photo)catalysts and adsorbents. However, characterization of the 



microscopic (related to specific adsorption sites) surface and acid-base properties of the 
hydrated NPs is an extremely challenging task. This study demonstrates the capabilities 
of molecular probe FTIR spectroscopy combined with H/D solvent isotope effect and 
using atmospheric CO2 as a probe in in situ characterizing surfaces of hydrated metal 
(hydr)oxide NPs. Using this approach, we show that rhombohedral hematite NPs 
synthesized by forced hydrolysis are enclosed by stoichiometric {104} facets, while 
ferrihydrite-like surface defects are stabilized in the roughened rounded areas of the 
acute edges of the NP facets. These results confirm that the nanosize-induced phase 
transformation of hematite is directed toward ferrihydrite, the process starting from the 
crystal edges. We also apply this method to understand the effects of acidic and 
alkaline etching on the surface structures of hematite NPs. The established structure-
property relationships for the carbonate adsorption can be used for non-invasive and 
fast characterization of the surface properties of corundum-type sesquioxide NPs. 

COLL 784 

Competing reactions on monolayers: Formation of amide linkages via 
succinimidyl ester chemistry 

Marc D. Porter, marc.porter@utah.edu, China Lim, Yixin Ying, Ronald 
Wampler.Departments of Chemistry, Chemical Engineering, Bioengineering and 
Pathology, University of Utah, Salt Lake City, UT 84112, United States 

Monolayers with N-hydroxysuccinimide (NHS) ester terminal groups are widely used to 
couple amine-containing biomolecules such as proteins and peptides to surfaces for 
many types of bioanalytical platforms. Though this pathway simplifies tethering of 
biomolecules to surfaces via amide linkages, hydrolysis of the NHS group competes 
with amidization. This presentation discusses an investigation using succinimidyl ester-
terminated monolayers on gold formed from disulfides of various chain lengths. 
Hydrolysis reactions were performed in borate buffer, while aminolysis reactions used a 
model amine molecule at various concentrations (50 to 500 mM) and pH (8.5 to 10.5). 
Structure and reactivity of these adlayers were analyzed using infrared reflection 
spectroscopy, X-ray photoelectron spectroscopy, electrochemical reductive desorption, 
and contact angle measurements. Results show hydrolysis occurs more rapidly for 
shorter chain length systems, but aminolysis overcomes hydrolysis at higher amine 
concentrations and pH. The importance of applying this form of coupling chemistry to 
protein immobilization is discussed. 

 

COLL 785 

Glues, structural proteins, enzymes and siloxanes: Molecular stews and 
stewardship 



Dan Rittschof1, ritt@duke.edu, Elia Benaish2, Gary H Dickinson3, Jan Genzer4, Kirill 
Efiminko4, Beatriz Orihuela1, Robert Sheperd5, Taara Essock-Burns1, Arthur 
Moseley6.Â  (1) MSC/Biology, Duke University, Beaufort, NC 28516, United StatesÂ  (2) 
Dental School, University of Pittsburgh, Pittsburgh, PA 15213, United StatesÂ  (3) 
Department of Biology, The College of New Jersey, Ewing Township, NJ 08618, United 
StatesÂ  (4) Department of Polymer Engineering, NC State University, Raleigh, NC 
27695, United StatesÂ  (5) Unaffiliated, United StatesÂ  (6) Proteomics Center, Duke 
University, Durham, NC 27708, United States 

Future fouling management will be surfaces that can be cleaned. Biological glues are 
central to effective cleaning strategies. Most biological glues adhere poorly to siloxanes. 
I will talk about how some biological glues cure and the roles of enzymes and peptides  

 
 
 
. I will then discuss the roles of these same peptides as biological signals and the 
impacts of components of polysiloxanes on enzymes implicated in glue curing. These 
examples provide perspective on potential environmental impacts of organosilicons. 

COLL 786 

Exploring the mechanisms underlying why temperature affects the adhesive 
tenacity of barnacles grown on non-toxic marine coatings 

Dean E. Wendt, dwendt@calpoly.edu, Melissa J. Daugherty, Lenora H. Brewer, Lars 
Tomanek.Center for Coastal Marine Sciences, Cal Poly State University, San Luis 
Obispo, California 93407, United States 

Barnacles are often the dominant hard foulers in marine waters, attaching to substrates 
by secreting a proteinaceous adhesive. Previous experiments in our lab have shown an 
inverse relationship between critical removal stress (CRS) and the temperature at which 



barnacles were reared. The mechanism accounting for the temperature effect is still 
unknown and could be mediated through changes to the composition and amount of the 
adhesive. To investigate the underlying mechanism responsible for the temperature 
effect we are using a combination of 2D-E proteomics, direct observations of growth 
ring and cementing systems, and by conducting FTIR microscopy to confirm chemical 
differences between cement secreted at different temperatures. Our working hypothesis 
is that the temperature at which animals grow may affect the density of the cementing 
system and thus the composition and abundance of adhesive proteins. 

COLL 787 

Fouling deterrence, an effective strategy to eliminate marine invertebrate 
biofouling 

Neeraj V Gohad, Andrew S Mount, mount@clemson.edu.Department of Biological 
Sciences, Clemson University, Clemson, SC 29634, United States 

Fouling deterrence is a promising antifouling strategy which prevents marine 
invertebrate biofouling via pharmacokinetic interruption of adrenergic receptor mediated 
neurological sensing mechanisms in larval marine invertebrate such as barnacle cyprids 
and oyster pediveligers. Adrenergic receptors have been identified as being one of the 
important receptor groups mediating settlement in larval invertebrates. At a molecular 
level, recent oyster genomic studies and immunocytochemical investigations from our 
lab have revealed that there is a dedicated family of adrenergic receptors that are the 
likely participants of the settling response. Our comparative investigations have also 
revealed that other problematic marine invertebrate biofoulers such as the encrusting 
bryozoans as wells as other mollusks including Zebra Mussels and the Asiatic Clam 
may be effectively deterred from settling on treated surfaces coated with adrenergic 
ligands. Perhaps the most promising highly effective antifouling coatings will be multi-
modal, incorporating both passive antifouling surface chemistries and relevant 
biologically active fouling deterrent moieties to act over a wide range of spatial and 
temporal scales. 

COLL 788 

Elucidating the organismal and biomolecular composition of ship hull biofouling 
communities 

Dagmar Hajkova Leary2, dasha.leary.ctr.ez@nrl.navy.mil, Gary Vora1, 
gary.vora@nrl.navy.mil, W. Judson Hervey1, Robert W. Li3, Nikolai Lebedev1, Leila J. 
Hamdan4, Jeffrey R. Deschamps1, Anne W. Kusterbeck1.Â  (1) Center for Bio/Molecular 
Science and Engineering, US Naval Research Laboratory, Washington, DC 20375, 
United StatesÂ  (2) US Naval Research Laboratory, National Academy of Sciences, 
NRC, Washington, DC 20375, United StatesÂ  (3) Animal and Natural Resources 
Institute, Bovine Functional Genomics Laboratory, Beltsville, MD, United StatesÂ  (4) 



Chemistry Division, US Naval Research Laboratory, Washington, DC 20375, United 
States 

The advent of culture-independent molecular biological measurements have aided in 
overcoming some of the limitations associated with our inability to culture the vast 
majority of microbial species and as such, have become powerful tools for 
understanding the composition,potential and function of marine biofilm and biofouling 
communities. In this study, we combined the use of large-scale genetic and proteomic 
measurements with traditional biochemical analyses to begin to understand the role 
differing environments play in determining the composition of air-water interface 
biofouling communities that were sampled from the hulls of U.S. Navy vessels deployed 
in different geographic waters. Despite being harvested from identical substrates, our 
findings (i) highlight qualitative and quantitative differences in the organismal and 
biomolecular profiles of these biofouling communities, (ii) provide a baseline 
understanding for comparative analyses and (iii) identify caveats in the interpretation of 
stand-alone molecular biological datasets when attempting to characterize highly 
complex microbial assemblages. 

COLL 789 

Thiol-stabilized, plasmonic gold-silver nanoalloy clusters 

Hannu Hakkinen, hannu.hakkinen@jyu.fi.Departments of Chemistry and Physics, 
University of Jyvaskyla, Jyvaskyla, FI 40014, Finland 

Atomically precise thiolate-stabilized gold nanoclusters are currently of interest for many 
cross-disciplinary applications in chemistry, physics, and molecular biology. Very 
recently, synthesis and electronic properties of "nanoalloy" clusters Au144-xAgx(SR)60 
were reported. Here density functional theory is used for electronic structure and 
bonding in Au144-xAgx(SR)60 based on a structural model of the icosahedral Au-
144(SR)60 that features a 114-atom metal core with 60 symmetry-equivalent surface 
sites and a protecting layer of 30 RSAuSR units. In the optimal configuration the 60 
surface sites of the core are occupied by silver in Au84Ag60(SR)60. Silver enhances 
the electron shell structure around the Fermi level in the metal core, which is reflected in 
the electronic metal-to-metal transitions. The calculations also imply element-dependent 
absorption edges for Au(5d) -> Au(6sp) and Ag(4d) -> Ag(5sp) interband transitions in 
the "plasmonic" region, with their relative intensities controlled by the Ag/Au mixing 
ratio. 

COLL 790 

How Hot is the Plasmonic “Hot Spot”? 

Jingjing Qiu, qiujingjing@ufl.edu, Jinyong Wang, Wei David Wei.Department of 
Chemistry and Center for Nanostructured Electronic Materials, University of Florida, 
Gainesville, FL 32611, United States 



Surface plasmon resonance (SPR) excitation on metallic nanostructures can greatly 
increase the rate of non-radiative decay of excited conduction electrons, resulting in an 
increase of the local temperature of nanostructure asperities. To date, directly 
measuring the SPR-induced local temperature change on single plasmonic 
nanoparticles still remains as a challenge due to the lack of a suitable technique. 
Herein, we demonstrated a novel graphene-based thermometry technique to explore 
the SPR-induced temperature change on single nanoparticles. We discovered that the 
LSPR-induced local temperature change of a 50 nm Au nanoparticle can reach as high 
as 600 K. Moreover, the temperatures of Au nanoparticle can be controlled by varying 
the incident laser powers. Knowledge of the SPR-induced temperature change on the 
surfaces of nanostructures will facilitate the use of nanostructures in various desired 
chemical applications. 

COLL 791 

Macro-scale colloidal noble metal nanocrystal arrays for refractive index-based 
sensing applications 

Lei Shao, lshao@phy.cuhk.edu.hk, Qifeng Ruan, Jianfang Wang.Department of 
Physics, The Chinese University of Hong Kong, Shatin, Hong Kong Special 
Administrative Region of China 

Noble metal nanocrystals are very promising for sensing applications, because their 
plasmon resonances are highly dependent on the surrounding environment. However, 
their practical applications are hindered by the poor stability of the colloidal solutions 
and the high cost of single-particle spectroscopy. We have developed a new method for 
directly depositing colloidal metal nanocrystals from solutions onto different substrates. 
The resultant nanocrystal arrays are uniform and dense, with the single-layer 
absorbance value reaching 0.4 and the size up to one decimeter square. We 
characterized the refractive index sensitivities of Au nanorod arrays with and without 
capping molecules (CTAB, PEG) deposited on glass slides, mesoporous silica and 
titania films. The nanorods on the titania film exhibit the highest index sensitivity. 
Furthermore, the nanocrystal arrays can be transferred to various substrates (silicon, 
graphene, plastics). Our method is expected to greatly facilitate the plasmonic 
applications that require the formation of large-area metal nanocrystal arrays. 

COLL 792 

A chiral DNA-assembled gold nanostructure for biosensing 

Jessica Smith, jmsmith@berkeley.edu, Vivian Ferry, Paul Alivisatos.Department of 
Chemistry, UC Berkeley, Berkeley, CA 94720, United States 

Plasmon rulers consisting of two optically coupled metal nanoparticles linked by 
biological macromolecules have provided a tool for bio-imaging and enzymology that is 
non-bleaching, non-blinking, and biocompatible. To expand this technology to visualize 



the subtle conformational changes ubiquitous in biological systems, three-dimensional 
multicomponent nanoparticle assemblies are required.We report a chiral DNA-mediated 
nanoparticle assembly which exhibits circular dichroism (CD) and provides a unique 
substrate for detecting handedness in biological events. We calculated the optical 
response of metal nanoparticle assemblies using a coupled dipole model. Based on this 
model, we designed and synthesized a distorted DNA tetrahedron decorated with two 
10 nm and two 20 nm diameter gold nanoparticles. A shorter side breaks the mirror 
plane, forming a chiral assembly. Calculations show that changes in the length of the 
shorter, symmetry breaking arm of the tetrahedron will change the intensity and spectral 
position of the CD, even inverting the handedness completely. 

COLL 793 

Solution Based SERS Detection of Ultra-Low Levels of Dithiocarbamate 
Fungicides Using Dogbone Shaped Gold Nanoparticles 

Radha Narayanan, rnarayanan@chm.uri.edu, Ben Saute.Department of Chemistry, 
University of Rhode Island, Kingston, Rhode Island 02881, United States 

It is necessary to detect many types of pesticides at ultralow levels (<1 ng/mL) for 
maintaining EPA environmental safety standards. Thiram and ferbam are 
dithiocarbamate fungicides widely used in the field and in harvested crops. Surface 
enhanced Raman spectroscopy (SERS) is a phenomenon that results in greatly 
enhanced Raman signals when Raman scattering molecules are bound to metal 
substrates or to metal nanoparticles. We have developed a solution based direct 
readout SERS method using dogbone shaped gold nanoparticles for detection of 
dithiocarbamate fungicides in deionized water, tap water, apple juice, grape juice, and 
V8 juice. The SERS intensity of the CN stretching mode is monitored as a function of 
different concentrations of thiram and ferbam bound to the gold nanoparticles. We have 
obtained dose-response plots and calculated the limits of detection (LODs) for thiram 
and ferbam using our novel SERS based colloidal direct readout method. 

COLL 794 

A versatile strategy for gold nanoparticle-enhanced Raman spectroscopy 

Yi-Fan Huang, Meng Zhang, Jian-Feng Li, Ziang-Dong Tian, Chao-Yu Li, Zhi Qiu, Xue-
Ming Zhang, Song-Yuan Ding, Bin Ren, Bing-Wei Mao, Zhong-Qun Tian, 
zqtian@xmu.edu.cn.State Key Laboratory of Physical Chemistry of Solid Surfaces, 
Xiamen University, Xiamen, China 

Since the mid-1970s surface-enhanced Raman scattering (SERS) has gone through a 
tortuous pathway to develop into a powerful diagnostic technique because the versatility 
of SERS has been questioned frequently. Only Au, Ag and Cu and alkali metals can 
provide the huge enhancement, which has limited the breadth of its practical 
applications. Based on the fact that SERS is nanostructure- and SPR-enhancement 



phenomenon, we have rationally designed various nanostructures to break the limitation 
of materials generality. Recently we have developed a new operation mode named as 
Shelled-Isolated Nanoparticle-Enhanced Raman Spectroscopy (SHINERS). We 
chemically synthesized Au or Ag nanoparticles coated with ultra-thin shells (ca. two to 
four nanometers) of chemically inert silica. Such nanoparticles are spread over the 
probed substrate of virtually any materials and any surface morphology. High-quality 
surface Raman spectra were obtained on various molecules such as hydrogen, 
chloride, sulfate, water and carbon monoxide adsorbed at single-crystal surfaces of 
different metals. The other studies on membrane components of living cells, pesticide 
residues on fruits or vegetables and interfacial structure of dye-sensitized solar cells 
illustrate that SHINERS significantly expands the flexibility of SERS for wide 
applications in surface, materials, energy and life sciences. 

COLL 795 

Materials for the selective increase of the Raman intensity of the P=O stretching 
mode of nerve-agents: A Density Functional Theory based approach 

Devashis Majumdar1, devashis@icnanotox.org, Szczepan Roszak2, Jerzy 
Leszczynski1.Â  (1) Department of Chemistry, Jackson State University, Jackson, MS 
39217, United StatesÂ  (2) Institute of Physical and Theoretical Chemistry, Wroclaw 
University of Technology, Wroclaw, Wybrzeze Wyspianskiego 27, 50-370, Poland 

Nerve-agents (NAs) are extremely toxic chemical warfare. They have been found to 
contaminate environments because of their solubility in water, and adsorption on 
silicates, clay materials, paints and cement surfaces. Thus, effective detection of NAs is 
an important research area. The selective enhancement of the Raman intensities of the 
P=O stretching mode (RIP=O) of NAs through binding with metal/oxide-supported metal 
surfaces could be considered as a way of detection of such materials. A detailed 
theoretical investigation has been carried out at the density functional level of theories 
to investigate the nature of the RIP=O of DFP (diisopropylfluorophosphate, a model NA), 
bound to MgO, CaO, different gold (Au8, Au20) and oxide-supported gold (MgO…Au4, 
CaO…Au4, TiO2…Au4, Al2O3…Au4, M16O16…Au8, and [M16O15…Au8]2+, M = Ca, Mg) 
clusters. When DFP attaches to the exposed gold atom of such materials through the 
P=O bond, its polarization occurs (due to charge transfer) to a varied degree depending 
on the environment of the gold cluster (pure or oxide-supported). The computed RIP=Os 
in such cases actually show a linear correlation with the P=O bond polarization. This 
chemical effect is a key factor to choose materials for resonance Raman spectra (RRS). 
The RRS calculations on the Aun…DFP (n =8, 20), M16O16…Au8 and [M16O15…Au8]2+, 
M = Ca, Mg) clusters reveal that the RIP=O enhancement could be made quite large and 
selective. This feature is unique to the NAs, and could be used as a property for their 
detection. 

COLL 796 

Nitrate reduction pathways on Cu single crystal surfaces: Effect of oxide and Cl- 



Dennis P. Butcher, dennispbutcherjr@gmail.com, Andrew A. Gewirth.Department of 
Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL 61801, United States 

The origin of differential nitrate reduction activity between the (100), (111), and (110) 
faces of Cu is examined using vibrational spectroscopy and calculations. Shell isolated 
nanoparticle enhanced Raman spectroscopy (SHINERS) reveals that the priming action 
of nitrate to nitrite reduction concomitant with partial oxidation of the Cu surface, 
particularly on Cu(111) and Cu(110), is critical to the reduction pathway by facilitating 
subsequent NOx reduction. Calculations show that the trend in activity between the 
different single crystal faces of Cu follows the strength of the adsorption of 
intermediates on the corresponding oxides; this trend was not found in calculations on 
the bare metal surfaces. Decoration of the surfaces with Cl- suppresses surface 
oxidation, resulting in higher overpotentials and lower current density. NH3 is observed 
by SHINERS as a direct nitrate reduction product in the presence of Cl-, rather than 
NOx species, indicating a reaction pathway unique from the undecorated surface. 

COLL 797 

A Chemically Driven Molecular Switch 

John Kestell, Rasha Abuflaha, Wilfred Tysoe, wtt@uwm.edu.Department of Chemistry 
and Biochemistry, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 53211, 
United States 

1,4-phenylene diisocyanide (PDI) self-assembles on a Au(111) surface to form one-
dimensional oligomeric chains that comprise repeating -(Au-PDI)- units by extracting 
gold atoms from low-coordination sites on the gold substrate. Exposing a PDI-saturated 
Au(111) surface to carbon monoxide causes one end of the PDI linker in the surface 
oligomer to be displaced, thereby interrupting the oligomer chain. Since PDI maintains 
its pi conjugation throughout the molecule, the oligomer is expected to be electrically 
conducting. This is confirmed by using the self-assembly chemistry of PDI to bridge 
between gold nanoparticles on an insulating substrate. This results in an increase in 
conductivity of the nanoparticle array by more than an order of magnitude consistent 
with the particles having been bridges by the -(Au-PDI)- oligomers. Exposing this 
sample to CO causes a change in resistance consistent with the displacement effect of 
CO found on PDI-saturated Au(111). 

COLL 798 

Equilibrium gold nanoclusters quenched with biodegradable polymers 

Avinash K Murthy1, murthy@che.utexas.edu, Robert J Stover1, Ameya U Borwankar1, 
Golay D Nie1, Sai Gourisankar1, Thomas M Truskett1, Konstantin V Sokolov2,3, Keith P 
Johnston1.Â  (1) Department of Chemical Engineering, University of Texas at Austin, 
Austin, TX 78712, United StatesÂ  (2) Department of Biomedical Engineering, 



University of Texas at Austin, Austin, TX 78712, United StatesÂ  (3) Department of 
Imaging Physics, UT MD Anderson Cancer Center, Houston, TX 77030, United States 

Significant interest exists in understanding the assembly of primary metal nanoparticles 
into biodegradable nanoclusters exhibiting intense near-infrared (NIR) extinction. 
Herein, we present the novel concept of equilibrium gold nanoclusters, in which 
nanocluster size is tuned by appropriately controlling colloidal interactions with a 
biodegradable polymer. Nanoclusters are synthesized by mixing a dispersion of 
primary, ~5 nm Au nanospheres with controlled surface charge with a polymer solution 
and then evaporating the solvent. Nanocluster size is tuned from 20 nm to 40 nm by 
varying gold and polymer concentrations. Adsorption of the polymer on the nanocluster 
surface quenches the nanoclusters at an equilibrium size. Biodegradation of this 
quencher results in nanocluster dissociation to primary nanospheres. Nanocluster size 
is predicted semi-quantitatively, using a free energy model which balances short-ranged 
van der Waals and depletion attractions with longer-ranged electrostatic repulsions. The 
small interparticle distances within the nanoclusters produce strong NIR extinction ideal 
for biomedical imaging. 

COLL 799 

Tuning mechanics and surface chemistry independently in biomaterial scaffolds 
to modulate cell behavior 

Shreyas S Rao1, Tyler M. Nelson2, Ruipeng Xue3, Jessica K DeJesus4, Mariano S 
Viapiano4, John J Lannutti3, Atom Sarkar5, Jessica O Winter1,2, winter.63@osu.edu.Â  
(1) William G. Lowrie Department of Chemical and Biomolecular Engineering, The Ohio 
State University, Columbus, OH 43210, United StatesÂ  (2) Department of Biomedical 
Engineering, The Ohio State University, Columbus, OH, United StatesÂ  (3) Department 
of Materials Science and Engineering, The Ohio State University, Columbus, OH, 
United StatesÂ  (4) Department of Neurological Surgery, The Ohio State University, 
Columbus, OH, United StatesÂ  (5) Department of Neurosurgery and Laboratory for 
Nanomedicine, Geisinger Healthcare Systems, Danville, PA, United States 

The role of extracellular matrix factors (e.g., mechanics, chemistry) in regulating cell 
behavior is widely accepted. However, decoupling their independent contributions has 
been challenging. Thus, biomaterials that provide near independent control of 
mechanics and chemistry to examine cell behaviors are desirable. To this end, we 
developed a core-shell electrospun nanofiber platform that permits systematic study of 
the effects of mechanics and surface chemistry on a model cell system: glioblastoma 
multiforme (GBM) brain cancer cells. 

Nanofiber mechanics was independently modulated using different polymers (gelatin, 
polyethersulfone, polydimethylsiloxane) in the 'core' of the fiber with a common poly(ε-
caprolactone) (PCL) 'shell'. These materials revealed GBM sensitivity to nanofiber 
mechanics. Similarly, modulating nanofiber surface chemistry using hyaluronic acid 
(HA) in the 'shell' with a PCL 'core' revealed GBM sensitivity to HA, in which a negative 



effect on migration was observed. These nanofibers are currently being integrated with 
hydrogels to study cell behaviors across biomaterial interfaces. 

COLL 800 

Nanopatterned and bioactive stimuli-responsive polymer surfaces: Design and 
biomaterials analysis challenges 

Gabriel P. Lopez, gl52@duke.edu.Department of Biomedical Engineering, Duke 
University, Durham, NC 27708, United States 

This presentation will provide (i) recent development of stimuli responsive surfaces that 
exhibit dynamic structure on lateral length scales of the order of 10 microns and below, 
(ii) results from study of bioadhesion and biorecognition on these surfaces, (iii) 
discussion of challenges in analysis of the chemical nature of these surfaces. Stimuli 
responsive polymer surfaces include patterned polymer brushes and elastomers; 
biological systems of interest include protein solutions, adherent mammalian cell lines, 
as well as marine and infectious bacteria. This talk will provide our latest advances in 
this line of study, as regards to methods for preparing dynamic, structured stimuli 
responsive surfaces, characterization of their structure and dynamic behavior, along 
with molecular and cellular biointerfacial phenomena. 

COLL 801 

Directing the Immune Response Through Biomaterials Engineering 

Lance C Kam, lk2141@columbia.edu.Department of Biomedical Engineering, Columbia 
University, New York, NY 10027, United States 

The immune system has remarkable potential for providing specific and persistent 
treatment of a range of diseases. Many current immunotherapy approaches include the 
activation and expansion of T lymphocytes, key mediators of the adaptive immune 
response. This is accomplished using solid supports to which activating antibodies to 
the T cell surface receptors CD3 and CD28 are attached. As a major new frontier for 
biomaterial design, we demonstrate that T cells can respond to the mechanical rigidity 
of this support, modulating a range of cellular functions including cytokine secretion and 
proliferative potential. T cells show additional modulation of these functions in response 
to surface patterning over a range of spatial scales. Importantly, these responses are 
species dependent. These results will lead to new biomaterials that can tailor the 
expansion of T cells, capturing additional properties of the native cell-cell 
communication that leads to T cell activation. 

COLL 802 

Materials that maintain biological function at injury sites 



Melissa M Reynolds, melissa.reynolds@colostate.edu.Department of Chemistry, 
Colorado State University, Fort Collins, CO 80523, United StatesSchool of Biomedical 
Engineering, Colorado State University, Fort Collins, CO 80523, United States 

When polymeric devices are implanted into vessels, the surrounding endothelial cells 
are destroyed. Associated complications arise from a combination of cell damage and 
the foreign body reaction (FBR) at the material surface. Materials that maintain the 
function of injured cells could simultaneously control the FBR and promote healing. The 
ability to mimic natural functions that are compromised during surgical procedures is 
paramount to the development of functional materials for integrated device coatings. In 
this presentation, the development of natural and synthetic nitric oxide (NO)-releasing 
materials will be discussed. Nitric oxide naturally promotes the regeneration of cells and 
controls platelet interactions. Therefore, the development of material coatings that 
maintain this function at the site of device implant will prevent unwanted biofouling while 
maintaining homeostasis. Results from both surface analysis techniques and elution 
studies suggest that the improved performance of the material is a result of the NO 
release from the surface. 

COLL 803 

Short peptide-conjugated copolymer based biosensor for specific binding of 
immunoglobulin G 

Yanxia Zhang1, yzhang58@ncsu.edu, Orlando Rojas1,2, Nafisa Islam1,2, Ruben 
Carbonell2.Â  (1) Department of Forest Biomaterials, North Carolina state university, 
Raleigh, North Carolina 27695, United StatesÂ  (2) Department of Chemical and 
Biomolecular Engineering, North Carolina state university, Raleigh, North Carolina 
27695, United States 

We report on a system based on gold sensors decorated with peptides supported in 
organic layers for the selective detection of human immunoglobulin G (IgG). A random 
copolymer composed of primary amines containing segment and antifouling segment, 
poly (2-aminoethyl methacrylate hydrochloride-co-2-hydroxyethyl methacrylate) 
(poly(AMA-co-HEMA) was grafted from initiator-coated gold substrates by surface 
initiated polymerization, followed by immobilization of acetylated-HWRGWVA peptide 
with specific binding affinity to IgG via amide chemistry. The developed biosensing 
platforms were characterized by a series of analyses and the extent of binding and 
binding selectivity for target IgG molecules as well as the capability to minimize non-
specific interactions with other proteins were examined by quartz crystal 
microgravimetry (QCM) and surface plasmon resonance (SPR). It is found this sensor 
exhibits specific binding capability of IgG with a detection limit as low as 0.05 mg/mL 
while maintaining excellent non-specific protein resistance. 

COLL 804 

Improved antifouling property of polyacrylamide with pendent hydration groups 



Chao Zhao, cz11@zips.uakron.edu, Lingyan Li, Xiaosi Li, Qiang Chen, Jiang Wu, 
Qiuming Wang, Jun Zhao, Jie Zheng.Chemical & Biomolecular Engineering, The 
University of Akron, Akron, OH 44304, United States 

Molecular structure of nonfouling polymers regulates surface hydration, which well 
correlates with their antifouling ability. Here we develop and apply in-house surface 
plasmon resonance and ELISA to quantify and compare adsorbed proteins on between 
polyacryamide-based coatings (e.g. polyHEAA and polySBAA) and polyacrylate-based 
coatings (e.g. polyHEA and polySBMA). All of four polymers containing pendent 
hydration groups display superlow antifouling properties, but polyHEAA and polySBAA 
with amide groups are still superior to polyHEA and polySBMA against nonspecific 
protein adsorption. MD simulations also confirm that polyHEAA and polySBAA exhibit 
higher surface hydration than polyHEA and polySBMA, due to the enhanced hydrogen-
bond formation via amide group and pendent hydration groups. Additionally, 
incorporation of acid degradable crosslinker into polyHEAA and polySBAA nanogels 
enables to achieve acid-triggered control-release of model drugs, while still maintaining 
their ultrastability and minimal cytotoxicity in cellular culture, which holds great potential 
for tumor-targeted drug carriers. 

COLL 805 

Metal ions in the context of nano- and microparticles - toxicity and detection 

Wolfgang J Parak1, wolfgang.parak@physik.uni-marburg.de, Beatriz Pelaz1, Pablo del 
Pino1,2, Christian Pfeiffer1, Dorleta Jimenez de Aberasturi1,3, Moritz Nazarenus1.Â  (1) 
Department of Physik, Philipps UniversitÃ¤t Marburg, Marburg, Marburg 35037, 
GermanyÂ  (2) Instituto de Nanociencia de AragÃ³n, University of Zaragoza, Zaragoza, 
AragÃ³n 50018, SpainÂ  (3) Department of Inorganic Chemistry, UPV/EHU, Bilbao, Pais 
Vasco, Spain 

Metal ions in the context of nano- and microparticles are relevant for cells because of 
two reasons. First, in particular inorganic nanoparticles can contain metal ions which 
upon corrosion of the particles can be released and cause cytotoxicity, such as in the 
case of CdSe and Ag nanoparticles.[1,2] Second, nano- and microparticles can be used 
for the detection of metal ions inside cells.[3,4,5] Following a general introduction about 
nanoparticles in the context of in vitro experiments both lines will be discussed.[6] 
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COLL 806 

Effects of multiplexing small molecule-DNA hybrid linkers on the DNA-directed 
synthesis of nanoparticle superlattices 

Ibrahim Eryazici1, ieryazici@northwestern.edu, Robert J. Macfarlane1, Byeongdu Lee2, 
Ryan V. Thaner1, Chad A. Mirkin1, SonBinh T. Nguyen1.Â  (1) Department of Chemistry, 
Northwestern University, Evanston, IL 60208, United StatesÂ  (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.1 A phase diagram has been proposed for the construction of 
various DNA-linked AuNP lattices by controlling both the hydrodynamic size and 
number of DNA strands on these particles. We have designed and synthesized a new 
DNA linker system based on small molecule-DNA hybrids (SMDHs), wherein the 
incorporation of the small molecule results in a branched DNA strand. When using 
these branched SMDHs as linkers in the construction of a superlattice, a single 
hybridized junction between particles therefore comprises multiple DNA duplex 
connections. This allows us to increase the total number of DNA connections between 
particles, as well as create differences in the thermodynamics of binding between the 
SMDHs. In this presentation, we will discuss the thermodynamic properties of this new 
class of SMDH-AuNP structures and their implications in the formation of different 
nanoparticle superlattices. 



(1) Macfarlane, R. J.; Lee, B.; Jones, M. R.; Harris, N.; Schatz, G. C.; Mirkin, C. A. 
Science 2011 , 334, 204-208. 

COLL 807 

Therapeutic protein delivery using graphene oxides for tissue regeneration 

Saibom Park1,2, iamspring@snu.ac.kr, Wan Geun La2, Byung-Soo Kim2, Kookheon 
Char1,2.Â  (1) The Creative Research Initiative Center for Intelligent Hybrids, The WCU 
Program fo Chemical Convergence of Energy & Environment, Seoul National 
University, Seoul, Seoul, Republic of KoreaÂ  (2) Department of Chemical and 
Biological Engineering, Seoul National University, Seoul, Seoul, Republic of Korea 

We demonstrate that graphene oxides (GOs), which are the two-dimensionally charged 
nanosheets, can potentially serve as therapeutic protein delivery platforms for tissue 
regeneration. The GO coating on Ti substrates was realized based on the multilayer 
fabrication called the layer-by-layer assembly, followed by the introduction of 
therapeutic proteins (bone morphogenetic protein, BMP-2) to the GO-coated Ti 
substrates (Ti/GO). Particularly, GOs contains the hydrophobic π-conjugated domains 
in the core GO region and the ionized groups around the GO edges, leading to the 
significant enhancement of protein adsorption through specific non-covalent 
interactions. The sustained release of BMP-2 from the Ti/GO substrates was observed 
over 2 weeks, yet completely maintaining its structural stability and bioactivity. 
Mesenchymal stem cells derived from human bone marrow were cultured on the Ti/GO 
with BMP-2 adsorbed and showed improved in vitro osteogenic differentiation. Eight 
weeks after the implantation to mouse calvarial defect models, the Ti/GO/BMP-2 
implant device distinctively showed new bone formation when compared with other 
control groups. GOs are thus demonstrated to be effective platforms for dental implants 
and/or the controlled protein delivery. 

COLL 808 

Biomimetic reusable adhesive inspired by the gecko 

Kejia Jin, kjin@tulane.edu, Joe Cremaldi, Noshir Pesika.Department of Chemical and 
Biomolecular Engineering, Tulane University, New Orleans, Louisiana 70123, United 
States 

We fabricate dry adhesives mimicking the gecko fibrillar adhesive system using 
conventional as well as unconventional techniques. Synthetic dry adhesives with 
varying tilt angles in the fibrillar structures are fabricated and the resulting adhesion and 
friction forces are measured and analyzed using a tribometer. Obvious anisotropic 
property upon shearing direction is exhibited due to the unique design of arrays with 
triangle pillars each of which is terminated by thin rectangle tips on the edge. Long term 
test shows that the adhesive allows for long lifetime and repeated use without significant 
performance degradation. Adhesion measured from samples with different tilt angles 



shows a good agreement with the previous reported peel zone model. Adhesion and 
friction are measured on surfaces with different roughness. Potential applications of 
such a synthetic dry adhesive include reusable adhesive tapes and sticky pads on 
robotic appendages. 

COLL 809 

Determination of adsorbed protein configuration on material surfaces by in situ 
chemical modification and mass spectrometric mapping 

Aby A Thyparambil, athypar@g.clemson.edu, Yang Wei, Robert A Latour.Department 
of Bioengineering, Clemson University, Clemson, SC 29634, United States 

Insitu chemical modification and mass spectrometric mapping (IC-MSM) is a promising 
tool for characterizing the orientation and localized structural shifts (collectively termed 
configuration) in adsorbed proteins. However, the current application of this technique is 
limited to quantifying the labeling profile of a single population of target amino acid as 
reactivity rate of labeling is specific to a given amino acid and the type of chemical label 
used. As a result, a direct comparison of the labeling profile of amino acids modified 
with different chemical labels may not be feasible and could limit a comprehensive 
understanding on the configuration of adsorbed protein using IC-MSM. In our study we 
have developed a quantification technique which would allow a direct comparison of the 
reactivity rate of multiple amino acids which could subsequently aid significantly 
improving the capabilities of IC-MSM as a tool for characterizing the configurational 
shifts in adsorbed protein on different surfaces. 

COLL 810 

Modification of porous templates for patterned 1D metal nanoarchitectures: 
Directed assemblies of colloid particles, nanolithography and glucose biosensors 

Aiqin Zhang1, Yuanhua Xiao1, Yali Liu1, junqq@zzuli.edu.cn, Feng Li1,2, 
lifeng696@yahoo.com, Jihong Zhao1, Shaoming Fang1.Â  (1) State Labratory of 
Surface and Interface Science and Technology, Zhengzhou University of Light Industry, 
Zhengzhou, Henan 450002, ChinaÂ  (2) American Advanced nanotechnology, Missouri 
City, TX 77459, United States 

The confined channels of porous Si wafer and anodic alumina membrane can be 
modified with a method based on directed assemblies and nanolithography. The 1D 
porous wire arrays, colloid crystal wires, as well as patterns of nanowires and 
nanotubes can be constructed conveniently. The metal nanowire and nanotube arrays 
can be utilized as novel electrodes to design biosensors for detecting glucose free of 
enzyme. 

COLL 811 



Swelling behaviour of xanthan-based hydrogels 

Vania Bueno, Ricardo Bentini, Luiz Henrique Catalani, Denise Petri, 
dfsp@usp.br.University of Sao Paulo, Brazil 

In this work xanthan chains were crosslinked by esterification reaction at 165 °C either 
in the absence or in the presence of citric acid. Higher crosslinking density was obtained 
using citric acid, as evidenced by its lower swelling degree. Tensiometry, a very precise 
and sensitive technique, was applied to study swelling rates and diffusion mechanisms 
of water, which was initially stereoselective, controlled by wicking properties, changing 
to Fickian or Anomalous, depending on hydrogel composition. Hydrogels swelling 
degree increased at high pH values, due to electrostatic repulsion and ester linkages 
rupture. Equilibrium swelling degree was affected by salts, depending on gel 
composition and kind of salt. Effects could be explained by interaction between ions and 
polymeric chains, EPA/EPD ability of water or osmotic gradient. 

COLL 812 

Colloidal Synthesis and Magnetism of Chromium-based Chalcospinel 
Nanocrystals 

Karthik Ramasamy, wavekarthik@gmail.com, Hunter Simms, William H Butler, 
Arunava Gupta.Center for Materials for Information Technology, The University of 
Alabama, Tuscaloosa, Al 35401, United States 

Cr-based chalcogenide spinels CuCr2S4, CuCr2Se4 and CuCr2Te4 are metallic with 
TC's of 377, 430 and 360 K, respectively. Because of their high Curie temperatures, 
these materials are potential candidates for spin-based electronics and other 
applications. Nanocrystals of the room temperature magnetic spinel CuCr2S4 have 
been synthesized using a facile solution-based method for the first time. The synthesis 
involves hot injection of an excess of 1-dodecanethiol (1-DDT) into a boiling 
coordinating solvent containing CuCl2 and CrCl3.6H2O. The synthesized material is 
superparamagnetic at room temperature, but exhibits ferromagnetic behavior at low 
temperatures. We have extended the work to the synthesis of Cu1-xCoxCr2S4 (x = 0-1) 
nanocrystals over the entire composition range. While CuCr2S4 is a ferromagnetic 
metal, CuCo2S4 is known to be ferrimagnetic semiconductor. Systematic changes in the 
lattice parameter, morphology and magnetic properties of the nanocrystals are 
observed with composition. The nanocrystals are magnetic over the entire range, with a 
decrease in the magnetic transition temperature with increasing Co content. 

COLL 813 

Effect of clay structure on rheology of Epoxy nano-composites 

suresh ahuja, patriot_1001@hotmail.com.xerox corporation, United States 



Polymer based nano-composites reinforced with a small amount of nano size clay 
particles (<5 vol.%) significantly improve the mechanical, thermal and barrier properties 
of the pure polymer matrix. They can be differentiated into one with a phase separated 
composite with properties similar to traditional micro-composites or one with an 
intercalated nano-composite formed by diffusion of extended polymer molecules 
between unchanged clay sheets or having exfoliated structure when all the layers are 
homogeneously dispersed maximizing thus the polymer–clay interactions. Both the 
swelling of the clay by the epoxy polymer before cure and the intercalation during cure 
are affected by the chain length of the interlayer exchanged ion. Factors found to 
improve exfoliation include: lower charge density on the clays, a sufficiently long alkyl 
ammonium chain length, the use of primary or secondary onium ions and higher cure 
temperatures. The exfoliated structure mainly leads to an improved modulus, while the 
remaining stacked structure of intercalated clay platelets is the key to improve 
toughness. 

Dispersion is significantly improved by functionalizing the inorganic filler and thus 
increasing compatibility between the two phases. Many factors can influence the 
dispersion and exfoliation of the nanoparticles in the polymer. The final properties of the 
nanostructure will mainly depend on the choice of the mixing technique and the resulted 
degree of exfoliation of the nano-clay platelets. Techniques such as in situ 
polymerization, solution mixing, or sonication (high shear mixing) are widely used to 
disperse nanoparticles in epoxy. Nano-composites of epoxy and of cross-linked epoxy 
were prepared with Cloisite 10a (sodium salt of montmorillonite functionalized either 
with dimethyl, benzyl, hydrogenated tallow, quaternary ammonium) or Cloisite 20a 
(dimethyl, dehydrogenated tallow, quaternary ammonium). Linear and nonlinear 
rheological properties are consistent with a network of exfoliated structures possibly 
facilitated by hydrogen bonding. 

COLL 814 

Surface gradients via electrochemically activated "click" chemistry: Reactivity 
mapping and shape control at the micron scale 

Carlo Nicosia, c.nicosia@utwente.nl, Sven O. Krabbenborg, Jurriaan 
Huskens.Department of Science and Technology, UNIVERSITY OF TWENTE, 
Enschede, Overijssel 7500 AE, The Netherlands 

Studying and controlling reactions at surfaces is of great fundamental and applied 
interest in, amongst others, biology, electronics and catalysis. Monolayers are an 
excellent platform to investigate interfacial reactions and reactivity because of the ability 
to precisely control surface composition. 

Here we focus on the electrochemical production of solution gradients of a catalyst 
(Cu(I)) for controlling and monitoring the reactivity of the copper(I)-catalyzed azide-
alkyne cycloaddition (CuAAC) at surfaces in space and time in a high-throughput 



manner. Using this method, the reaction order in Cu(I) could be determined and 
spatially visualized in a 2D reactivity map. 

Furthermore, we demonstrate that changing the reaction conditions of the CuAAC 
reaction (e.g. catalyst and/or ligand concentration, reaction time, applied potential 
difference, etc.), we exert control over the shape of the micron-scale surface gradients, 
in terms of steepness and surface density. By means of this technique, we attest the 
fabrication of bi-component and bio-molecular gradients. 


