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COLL 1 Frontiers of catalysis science in the 21st century. The science of selectivity and the merging of 
heterogeneous, homogeneous and enzyme catalysis  
Gabor A. Somorjai, Department of Chemistry, Lawrence Berkeley National Laboratory and University of California, 
Berkeley, Berkeley, CA 94720, somorjai@socrates.berkeley.edu  

The challenge of the 21st Century is to produce catalysts that are capable of 100% selectivity for the desired 
reactions, often called “green chemistry”. This provides us with means to produce chemicals and fuels without 
byproducts and waste. The molecular ingredients of catalytic selectivity of metals include the control of surface 
structure, the mobility of adsorbates on the catalytically active surface, oxide-metal interface sites, selective site 
blocking, and the presence of hydrogen. Metal nanoparticles are produced by lithographic techniques as well as by 
colloid science techniques in solutions in the range of 1-12 nm in size with the desired surface structures. These 
nanoparticle arrays are supported on 2-dimensional oxide supports or encapsulated in 3-dimensional mesoporous 
high surface area oxides, and their catalytic selectivities for hydrocarbon conversion reactions and partial oxidation 
reactions are being explored. Techniques of characterization are different for 2-dimensional and 3-dimensional 
nanoparticle catalysts, and these will also be described in the lecture. The polymer capping over these growing 
metal nanoparticles protect them from aggregation but does not prevent the carrying out of high selectivity catalyzed 
reactions in solution. Experiments to monitor the rates and the selectivity of heterogeneous nanoparticles enzyme 
catalysts and homogeneous catalysts can be carried out under the same conditions in solution near room 
temperature. This approach carries the promise to develop a unified picture and molecular understanding of 
enzyme, homogeneous and heterogeneous catalysis. The molecular ingredients of mobility and surface structure 
sensitivity of the various catalytically selective systems will be reviewed and described.  

 
COLL 2 Controlling the chemisorption of organic molecules using Cu adatoms on the Cu(110) crystal 
surface  
John T. Yates Jr., Junseok Lee, Dan Dougherty, Jae-Gook Lee, and Dan Mocuta, Department of Chemistry, 
University of Pittsburgh, 219 Parkman Avenue, 234 Chevron Science Center, Pittsburgh, PA 15260, Fax: 412-624-
6003, jyates@pitt.edu  

Mobile Cu adatoms, liberated from step defect sites on the Cu(110) surface, have been found to induce uncommon 
modes of chemisorption of organic species such as benzoate anions and 2,2' bipyridine. In the case of benzoate, Cu 
adatoms form organometallic complexes that allow the organic moiety to lie flat on the surface. In the case of 2,2'-
bipyridine, Cu adatoms used to form self-organized Cu-O rows, provide a template causing the organic moiety to 
stand on its edge. These unique bonding orientations have been observed by employing STM and ESDIAD. STM 
allows the organometallic complexes with Cu adatoms to be directly visualized on the surface and ESDIAD allows C-
H bond directions to be imaged, establishing the orientation and structure of the organic moieties. Often, it is found 
that the surface complexes produced are analogous to known bonding motifs in organometallic complexes.  

 
COLL 3 Reactions of transition metal oxide clusters: Insights into mechanisms of heterogeneous reactions  
A. W. Castleman Jr., Departments of Chemistry and Physics, Penn State University, 104 Chemistry Building, 
University Park, PA 16802, Fax: 814-865-5235  

Reactions of metal oxide cluster anions and cations with CO were undertaken to elucidate the role of specific 
oxidation states, charge states and stoichiometry in effecting heterogeneous oxygen transfer. Mechanisms of 
oxidation for the reactions of a number of transition metal systems will be presented and compared.  

 
COLL 4 Metal atoms and metal nanoparticles on oxide surfaces  
Hans-Joachim Freund, Department of Chemical Physics, Fritz Haber Institut of the Max Planck Society, 
Faradayweg 4-6, D-14195 Berlin, Germany, Fax: +49(0)308413-4101  

By nucleation and growth metal clusters of different sizes are prepared on thin single crystalline films of alumina, 
silica and magnesia. The electronic properties of the systems are studied using scanning tunneling spectroscopy 
(STS) at low (5K) temperature as well as with ensemble averaging techniques, including electron spin resonance 
spectroscopy. Results on deposited metal atoms and nanoparticles are presented.  



 
COLL 5 Structure-function relationships in catalysis by Au and Au alloys  
D. Wayne Goodman, Department of Chemistry, Texas A&M University, College Station, TX 77842, Fax: 979-845-
6822, goodman@mail.chem.tamu.edu  

The electronic, structural, and chemical properties of unsupported metal and mixed-metal surfaces prepared either 
as single crystals or thin films have been detailed and contrasted with the corresponding properties of supported 
metal and mixed-metal nanoclusters. The latter vary in size from a few atoms to many and have been prepared on 
ultrathin single crystalline oxide supports of TiO2, Al2O3, and SiO2. An array of surface techniques including 
reaction kinetics of carbon monoxide oxidation and vinyl acetate synthesis have been used to correlate catalytic 
function of these surfaces with their physical and electronic properties. Of special interest are the special physical 
and chemical properties that develop with metal cluster size reduction and/or metal-support interaction. Model 
studies of mixed-metal catalysts prepared by alloying Pd with Au will be highlighted.  

 
COLL 6 Electronics and optoelectronics with single carbon nanotubes  
Phaedon Avouris, IBM Research Division, T.J. Watson Research Center, Route 134, Yorktown Heights, NY 10598, 
avouris@us.ibm.com  

Carbon nanotubes (CNTs) are 1D nanostructures with unique properties that make them ideal for applications in 
nanoelectronics and optoelectronics. Although a variety of electronic devices based on CNTs have been 
demonstrated, most of the emphasis has been placed on CNT field-effect transistors (CNTFETs). In these a single 
semiconducting CNT molecule replaces Si as the transistor channel. The resulting devices have in superior 
characteristics compared to conventional silicon devices. However, they also pose a set of new challenges. These 
include understanding the new physics of transport in one-dimension, deciphering the different device scaling laws, 
understanding charge-transfer and the formation of barriers at metal-nanotube interfaces, doping them, etc. I will 
discuss these issues and demonstrate solutions that allow the fabrication of not only individual devices with superior 
characteristics, but also more complex integrated circuits based on a single CNT molecule. Unlike silicon, 
semiconducting CNTs allow the direct absorption and emission of light. We have used the radiative recombination of 
electrons and holes in CNTFETs to produce electrically-excited, single nanotube molecule light sources. We have 
also found that localized emission can be generated under unipolar transport conditions. The mechanism of this new 
type of electroluminescence will be discussed. The reverse process of current generation by light illumination of a 
CNTFET has led to a single molecule photodetector.  

 
COLL 7 Integrating carbon nanotubes with semiconductor surfaces  
Laura B. Ruppalt, Peter M. Albrecht, and Joseph W. Lyding, Electrical and Computer Engineering Department, 
University of Illinois at Urbana-Champaign, Beckman Institute for Advanced Studies, 405 N. Mathews Avenue, 
Urbana, IL 61801, ruppalt@uiuc.edu, lyding@uiuc.edu  

An atomically clean deposition method, called dry contact transfer (DCT) [1] has been used to deposit single-walled 
carbon nanotubes (SWNTs) onto GaAs(110), InAs(110), Si(100) and H-passivated Si(100) surfaces. Ultrahigh 
vacuum scanning tunneling microscopy (STM) has been used to characterize these systems, whereupon it is found 
that the observed electronic structure of a SWNT strongly depends on its crystallographic alignment with the 
underlying substrate lattice. Metal-induced gap states have been studied for SWNTs with intramolecular metal-
semiconductor junctions. On degenerately doped H-passivated Si(100), STM induced H-desorption adjacent to a 
SWNT is being used to perturb the nanotube electronic structure and create p-n junction superlattices.  

[1] P.M. Albrecht and J.W. Lyding, Appl. Phys. Lett. 83, 5029 (2003); L.B. Ruppalt, P.M. Albrecht, and J.W. Lyding, 
J. Vac. Sci. Technol. B 22, 2005 (2004).  

 
COLL 8 In situ growth of copper nanoclusters and nanocrystals on the Si(111)-(7×7) surface  
G. Q. Xu, Department of Chemistry, National University of Singapore, 3 Science Drive 3, Singapore 117543, 
Singapore, Fax: 65-6779-1691, chmxugq@nus.edu.sg  



The growth of ordered Cu magic clusters and copper nanocrystals on the Si(111)-(7×7) surface was studied using 
scanning tunnelling microscopy (STM), X-ray photoelectron spectroscopy (XPS) and ultraviolet photoelectron 
spectroscopy (UPS). Ordered Cu nano-structures on the surface are formed through the surface mediated clustering 
on the reconstructed template. A strong interaction between the clusters and surface holds the key to the observed 
cluster size of 6 Cu-atoms. These Cu nanoclusters may be employed for molecular patterning on semiconductor 
surfaces. Copper nanocrystals are prepared by depositing gaseous copper atoms onto S-precovered surfaces and 
subsequent annealing. The resulting copper crystals are in the range of 20-80 nm with a hexagonal shape.  

 
COLL 9 Structure, dynamics, and clusters on metal oxide surfaces  
Ulrike Diebold, Department of Physics, Tulane University, New Orleans, LA 70118, Fax: 504-862-8702, 
diebold@tulane.edu  

The talk will give an overview of recent Scanning Tunneling results on metal oxide surfaces, clean and modified with 
metal clusters. Real-space investigations give direct into the adsorption geometry of molecules, the influence of the 
substrate (defect) structure on adsorption properties, and temperature and excitation-induced dynamics.  

 
COLL 10 Growth, structure, and chemical properties of vanadium oxide thin films  
M. Li, Department of Chemical Engineering, Yale University, PO Box 208260, min.li@yale.edu, and E. I. Altman, 
Department of Chemical Engineering, Yale University, 301 Mason Laboratory, eric.altman@yale.edu  

Vanadium oxide monolayers supported on reducible supports are uniquely active and selective catalysts for a 
number of reactions including the oxidation of methanol to formaldehyde. We have found for WO3 (100) and the 
anatase and rutile polymorphs of TiO2 that vanadia layers grown by molecular beam epitaxy in an oxygen plasma 
adopt the substrate surface structure. For the TiO2 surfaces, epitaxial VO2 films form with oxygen adsorption 
oxidizing the outermost layer to V2O5; for a monolayer this oxidizes all of the V to 5+. Oxygen and methanol 
adsorption and their interactions on epitaxial VO2 on the rutile (110) surface are being studied with scanning 
tunneling microscopy (STM) along with more macroscopic surface analysis techniques including electron diffraction 
(RHEED and LEED) and ultraviolet and x-ray photoelectron spectroscopy. The effect of the vanadia-titania interface 
on adsorption and reaction is being characterized by comparing STM and temperature programmed desorption 
results for the vanadia monolayer with a thicker vanadia film with exactly the same structure. This comparison allows 
the importance of structural and chemical effects in vanadia-supported catalysts to be distinguished.  

 
COLL 11 Accelerated molecular dynamics of thermal desorption  
Kristen A. Fichthorn and Kelly E. McLaughlin, Dept. of Chemical Engineering, Penn State University, 164 Fenske 
Lab, University Park, PA 16802, Fax: 814-865-7846, fichthorn@psu.edu  

Recent studies have focused on quantifying the desorption of n-alkanes from a variety of surfaces. Although 
experimental desorption energies are similar on different surfaces (e.g., metals, metal-oxides, graphite), the 
prefactors vary over many orders of magnitude. Moreover, several studies indicate the prefactor is constant and 
independent of chain length, while others indicate it increases linearly with chain length. Do these conflicting results 
indicate intrinsic differences between alkane desorption on various surfaces or do they reflect difficulties with 
analysis of temperature-programmed desorption experiments?  

To probe this issue, we conduct accelerated molecular-dynamics simulations of alkane desorption from Au(111) and 
the basal plane of graphite. We find that the prefactor increases with increasing chain length for small, rigid-rod-like 
alkane molecules and levels to a constant value for larger molecules that cannot be treated as rigid rods. We find 
that adsorbate islanding influences the desorption of small alkanes.  

 
COLL 12 Production of highly homogeneous Si(100) surfaces by etching: Surface morphology and the role 
of strain  
Melissa A. Hines1, Marc A. Faggin1, Sara K. Green2, Ian T. Clark1, and K. T. Queeney2. (1) Department of 



Chemistry, Cornell University, Baker Laboratory, Ithaca, NY 14853, Fax: 607-255-3040, Melissa.Hines@cornell.edu, 
(2) Department of Chemistry, Smith College  

The production of atomically flat Si(100) surfaces is a long-standing technological challenge, as Si(100) is the basis 
for today's microelectronic devices. We use a combination of vibrational spectroscopy and STM to show that the 
simplest possible aqueous etchant — pure H2O — can produce Si(100) surfaces of surprising and unprecedented 
homogeneity. While the spectroscopic results show that the initially rough surface becomes highly homogeneous 
during etching, a phenomenon generally associated with smoothing, STM images reveal the formation of hillocks. 
After many hours of etching, the resulting H-terminated surface is composed of stripes of atomically flat Si(100) 
terminated by etch hillocks bounded by {111}- and {110}-oriented microfacets. Polarization analysis provides strong 
evidence for uniform dihydride termination of the flat regions, with the narrow width of the stripes allowing for steric 
relaxation between neighboring dihydrides. The unusual hill-and-valley morphology is attributed to the effects of 
steric strain on site-specific reactivity.  

 
COLL 13 Oxidation and replacement of oleic acid at the air/water interface to understand fat-coated aerosols  
Laura F. Voss, Kandice L. Harper, Mohamad F. Bazerbashi, Christopher M. Hadad, and Heather C. Allen, 
Department of Chemistry, The Ohio State University, 100 West 18th Avenue, Columbus, OH 43210, Fax: 614-292-
1685, lvoss@chemistry.ohio-state.edu  

Field studies of marine and continental aerosols find that fatty acid films form on aqueous tropospheric aerosols. 
Oxidation of the acyl chains is thought to be key to aerosol growth. Using vibrational sum frequency generation 
spectroscopy and reflection absorption infrared spectroscopy, we present a molecular-level investigation of the 
interfacial structure of fatty acid monolayers at the air-water interface and explore reactions with atmospheric 
oxidants by these model systems. Results include reaction of oleic acid with atmospheric oxidants and subsequent 
replacement of the products at the interface by less soluble species from the aqueous subphase.  

 
COLL 14 Probing the photochemistry of organic and secondary organic aerosols via chemical ionization 
mass spectrometry and cavity ringdown spectroscopy  
Joelle Underwood1, Xiang Pan2, Robert Bennigsdorf2, and Sergey Nizkorodov3. (1) Department of Chemistry, 
University of California, Irvine, Irvine, CA 92697, (2) Chemistry Department, University of California, Irvine, (3) 
Department of Chemistry, University of California at Irvine  

Recent work in our laboratory has shown that photochemistry of secondary organic aerosols (SOA) and organic thin 
films is changed following oxidation. Small gas phase products (e.g., formaldehyde, formic acid) from the reaction of 
aerosol with UV light in the actinic region were monitored with cavity ringdown spectroscopy (CRDS). This work 
extends the research on SOA and thin film organic aerosol proxies to larger gas phase products probed via chemical 
ionization mass spectrometry (CIMS). Higher mass gas phase products are monitored and assigned. Heating of the 
aerosols releases less volatile products into the gas phase, which are also monitored via CIMS. The ability to 
monitor products across a wide mass range using both CRDS and CIMS leads to a greater understanding of the 
photochemical processes within the aerosol. Reaction mechanisms and their implications for photochemical aging of 
organic aerosols will be discussed.  

 
COLL 15 Heterogeneous anthracene-ozone reaction on size-selected sodium chloride particles  
Eric F Gloaguen1, Erin R. Mysak2, Stephen R. Leone3, Musahid Ahmed4, and Kevin R. Wilson4. (1) Chemical 
Science Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, Fax: 510-486-
5311, EFGloaguen@lbl.gov, (2) Department of Chemistry, University of North Carolina, (3) Departments of 
Chemistry and Physics / Chemical Sciences Division, University of California at Berkeley / Lawrence Berkeley 
National Lab, (4) Chemical Sciences Division, Ernest Orlando Lawrence Berkeley National Laboratory  

The complete characterization of the chemical composition of aerosols is still a difficult goal to achieve, particularly 
for complex and atmospherically relevant systems such as mixed organic-inorganic particles. In order to characterize 
the organic fraction of the particles, a Vacuum UltraViolet Aerosol Mass Spectrometer (VUV-AMS) has been 
developed at the Chemical Dynamics Beamline (Advanced Light Source, Lawrence Berkeley National Laboratory). 
This was used to characterize the products of the heterogeneous {anthracene + ozone} reaction on size-selected 



sodium chloride particles in a flow tube system. The recorded fragment free mass spectra allows for the 
characterization of several products liberated from the particle phase by subsequent particle vaporization. Kinetics of 
the formation of these products and particle size measurements using a Scanning Mobility Particle Sizer (SMPS) 
were also simultaneously recorded and suggest an increase of the particle size that correlates with the formation of 
the products on the particles.  

 
COLL 16 Collisions and reactions of hydrochloric acid and ozone with functionalized self-assembled 
monolayers  
Larry R. Fiegland1, Brian Scott Day2, and John R. Morris1. (1) Department of Chemistry, Virginia Tech, Blacksburg, 
VA 24061, Fax: 540-231-3255, lfieglan@vt.edu, morris@vt.edu, (2) Department of Chemistry, Marshall University  

The objectives of this work are aimed at elucidating the atomic-scale mechanisms of interfacial bonding, diffusion, 
and reactions that govern gas-surface interactions on organic materials. This presentation will focus on recent 
molecular beam scattering studies of HCl and ozone collisions with self-assembled monolayers (SAMs). The gases 
represent two important atmospheric species and the SAMs are chosen to resemble the characteristics of 
surfactant-covered organic aerosols that are also prevalent in the environment. These studies reveal how the 
atomic-scale nature of organic surfaces determine the extent of energy transfer, thermal accommodation, and 
subsequent reaction pathways. The experiments involving HCl impinging on OH-terminated SAMs have revealed 
that HCl can form 24 kJ/mol hydrogen-bonds with the monolayer, but the interaction is not sufficient to result in 
proton-transfer reactions. In the case of ozone colliding with an ethylene SAM, reactions appear to produce 
carboxylic-acid  

 
COLL 17 Analysis of individual environmental particles using modern microprobe methods  
Alexander Laskin, Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, P.O.Box 
999, MSIN K8-88, Richland, WA 99352, Fax: 509-376-6066, Alexander.Laskin@pnl.gov  

Aerosols are widely recognized as key elements in atmospheric environment. Chemical and morphological data of 
individual particles are of crucial importance for understanding of their formation, reactions, atmospheric history and 
aging. Microprobe analytical techniques have been extensively used in the past to characterize the size, 
morphology, phase and composition of particles collected in field and laboratory studies. These technique coupled 
with a portable time-resolved aerosol collector are capable of generating time-resolved single-particle data, which 
then can be used to follow in detail the time evolution of specific types of aerosols. In this presentation we give a 
summary of recent research projects carried out in our laboratory that demonstrates how the use of complementary 
microprobe methods provides new insights into the atmospheric reactions of aerosols, their physical and chemical 
transformations, and in particular how the obtained data can be utilized to define future directions in laboratory and 
field studies of aerosols.  

 
COLL 18 Impacts of micelle formation in atmospheric aerosols on particle optics and chemistry  
Azadeh Tabazadeh Tabazadeh, Department of Geophysics, Stanford University, 397 Panama Mall, Mitchell 
Building, 325, Stanford, CA 94035, Fax: 650-725-7344, azadeht@stanford.edu  

Atmospheric aerosol particles, particularly in the submicron range, are now known to contain significant amounts of 
organic carbon. Many field studies suggest that a major fraction of organic carbon, found in atmospheric aerosols, is 
often water-soluble and humic-like in character. Humic materials are known, from studies in soil science, to form 
colloids or micelles in aqueous solutions. Thus, it is very likely for humic-like organic carbon to also exist in a colloid 
state in atmospheric aerosols. In this talk I will show, using laboratory measurements and field observations, how 
micelle formation in atmospheric aerosols can affect their hydroscopic growth, surface tension and refractive index.  

 
COLL 19 Hygroscopicity of ultrafine organic aerosol particles: The role of chemical composition and 
structure  
Ahmad Alshawa1, Joelle Underwood2, Sergey Nizkorodov1, and Steven Ng2. (1) Department of Chemistry, 
University of California at Irvine, 516 Rowland Hall, Irvine, CA 92697, Fax: 949-824-8571, aalshawa@uci.edu, (2) 
Department of Chemistry, University of California, Irvine  



Extensive oxidation of organic particles may play a role in converting them to efficient cloud condensation nuclei 
(CCN). Electrospray aerosol generation yields organic aerosol particles with a narrow size distribution (< 100 nm, 
gsd ~ 1.2). Characterization of the aerosol particles using surface imaging techniques shows structures are 
consistent with those observed for condensed phase regular micelles (electrospray of surfactant in excess polar 
solvent)and inverted micelles (electrospray of surfactant with excess nonpolar solvent). Surfactants used to generate 
model organic aerosols include oleic acid, AOT, and SDS. Water uptake studies are performed to investigate the 
hygroscopic properties of organic aerosols with inverted micelle, regular micelle, and disordered structures. The 
change in size of the organic particles as a function of relative humidity is monitored using a dynamic mobility 
analyzer. Organic aerosol particles are oxidized and the resulting effect on their hygroscopicity is probed in water 
uptake experiments.  

 
COLL 20 Hygroscopic properties of atmospheric and model humic like substances (HULIS)  
Yinon Rudich1, Elad Dinar1, Ellen R. Graber2, Tatu Anttila3, and Thomas F. Mentel3. (1) Environmental Sciences, 
Weizmann Institute, Rehovot 76100, Israel, Fax: 972-8-9344124, yinon.rudich@weizmann.ac.il, (2) Institute of Soil, 
Water and Environmental Sciences, Volcani Center, (3) Institut für Chemie und Dynamik der Geosphäre, 
Forschungszentrum Juelich  

A major fraction of atmospheric aerosol particles is composed of high molecular weight water soluble organic 
compounds which contain polycarboxylic acids and a heterogeneous mixture of structures containing aromatic, 
phenolic and acidic functional groups. These compounds are known as humic materials (HMs) and referred to in 
atmospheric chemistry literature as HUmic-Like Substances. We will present detailed study on the hygroscopic 
properties of HULIS extracted from three different aerosol types: fresh wood burning smoke, aged wood burning 
smoke and aged air pollution particles and will compare them with those of fulvic acids from aquatic sources 
(Suwannee River FA, often used as models in laboratory studies) separated into several fractions by molecular 
weight. Specifically we will discuss how the sub saturation hygroscopic growth and activation into droplets of 
aerosols composed of these species into cloud droplets depends on physico-chemical parameters such as 
molecular weight, chemical structure and surface tension. Comparison with model calculations will be presented. 
Time permitting we will also discuss recent measurements of the density and surface tension behavior of these 
systems.  

 
COLL 21 Anti-biofilm properties of chitosan-coated surfaces  
Ross P. Carlson1, Reed Taffs2, William Davison2, and Philip S. Stewart3. (1) Department of Chemical and Biological 
Engineering, Montana State University, Bozeman, MT 59717-3980, (2) Center for Biofilm Engineering, (3) Center for 
Biofilm Engineering, Montana State University, Bozeman, MT 59717-3980, Fax: 406-994-6098, 
phil_s@erc.montana.edu  

Surfaces coated with the naturally-occurring polysaccharide chitosan resisted biofilm formation by bacteria and 
yeast. Reductions in biofilm viable cell numbers of more than an order of magnitude were demonstrated for 
Staphylococcus epidermidis, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and 
Candida albicans on chitosan-coated surfaces in comparison to controls. These effects were confirmed with 
microscopy. Using time lapse fluorescence microscopy and fluorescent dye loaded S. epidermidis, the 
permeabilization of these cells was observed as they alighted on chitosan-coated surfaces. This suggests chitosan 
disrupts cell membranes as microbes settle on the surface. Chitosan offers a flexible, biocompatible platform for 
designing coatings to protect implanted devices from infection.  

 
COLL 22 Role of alginate conditioning film in the deposition kinetics of Pseudomonas aeruginosa in a radial 
stagnation point flow chamber  
Alexis J. de Kerchove, Department of Chemical Engineering, Yale University, 9 Hillhouse Avenue, Mason 
Laboratory, New Haven, CT 06520, Fax: 203-432-2895, alexis.dekerchove@yale.edu, and Menachem Elimelech, 
Department of Chemical Engineering, Environmental Engineering Program, Yale University  

Conditioning films have been argued as affecting the deposition of bacteria on solid surfaces and the successive 
biofilm growth in liquid environment. The conditioning of the solid modifies the surface properties by adding 
heterogeneities in the physical and chemical properties of the surface. Alginates are used as model polysaccharides 



to study the impact of alginate conditioning film on the deposition kinetic of Pseudomonas aeruginosa. Alginates are 
one of the main components of the exopolymeric substances secreted by Pseudomonas Sp. in solution that could 
favor their adhesion to surfaces. In this study, a non-pathogenic mutant originating from the wild type strain PAO1 is 
used. This specific mutant, PAO1 ΔfliC ΔpilA, lacks flagella and any adhesion-type proteins (pili type IV) on its 
surface. The lipopolysaccharides anchored to the outer membrane surface are also relatively well characterized. The 
deposition kinetics of PAO1 ΔfliC ΔpilA on conditioned quartz surface are studied in a radial stagnation point flow 
(RSPF) chamber as a function of the ionic composition of the aqueous solution. Emphasis was placed on the role of 
divalent cations at concentrations relevant to natural and engineered environmental systems. Results are related to 
the physical and chemical features of the bacterial surface and the specific bridging by divalent cations between the 
bacterial surface and the conditioned quartz.  

 
COLL 23 A bacterium's sense of touch: Staphylococcus biofilms on surfaces  
Steven K. Lower1, Ruchirej Yongsunthon1, Brian H. Lower2, Emily Alexander3, and Vance Fowler Jr.3. (1) The Ohio 
State University, 125 S. Oval Mall, 275 Mendenhall Laboratory, Columbus, OH 43210, lower.9@osu.edu, (2) EMSL, 
Pacific Northwest National Laboratory, (3) Duke University Medical Center  

Staphylococcus aureus lives in close association with humans. This bacteria is commonly found on biological 
surfaces (e.g., skin) and inanimate objects within homes (e.g., kitchen countertops). S. aureus is known to cause 
life-threatening infections when it enters a human host. An infection is initiated when this bacterium forms a biofilm 
on host tissues or prosthetic materials such as indwelling medical devices.  

We studied the fundamental mechanism of biofilm formation by using atomic force microscopy (AFM) to measure 
forces between a biomaterial probe and 15 different strains of S. aureus isolated from either patients with infected 
cardiac devices or healthy subjects. A unique force-signature was observed when the probe was used to “fish” for a 
binding event with a bacterium. When grouped by the frequency of this force-signature, there was a strong 
distinction (p=0.01) between the invasive and control populations of S. aureus. This discovery could have a positive 
effect on health care as it bridges the disconnect between macroscopic, clinical investigations and nanometer-scale 
forces ultimately responsible for biofilm formation on surfaces.  

 
COLL 24 Non-invasive quorum-based biosensors for the evaluation of bacterial behavior in GI disorders  
Anjali Kumari1, Patrizia Pasini1, Deborah Flomenhoft2, Harohalli Shashidhar2, and Sylvia Daunert1. (1) Department 
of Chemistry, University of Kentucky, Lexington, KY 40506-0055, Fax: 859-323-1069, akuma2@uky.edu, (2) 
Departments of Pediatrics and Internal Medicine, University of Kentucky  

Bacteria cause a wide variety of health imbalances, ranging from infections to chronic inflammations of the 
gastrointestinal (GI) tract. Therefore, bacterial load may play a vital role in their pathogenesis. Bacteria manifest 
group-based behavior by producing and responding to signaling molecules, such as N-acyl-homoserine lactones 
(AHLs), in proportion to their population density. This phenomenon is known as quorum sensing (QS). In our study, 
we are investigating the association of AHLs in human stool and saliva samples, with GI disorders using whole cell-
based sensing systems that employ luciferase as the reporter protein. The intensity of the bioluminescence 
produced by luciferase is directly related to AHLs levels in the sample. Our method of detection is non-invasive, 
cost-effective, and fast, with simple sample preparation and high throughput results. In conclusion, we envision that 
this novel biosensing system could serve as an important tool for monitoring disease activity and managing bacteria-
related GI disorders.  

 
COLL 25 Dynamics of biofilm growth on reverse osmosis membranes  
Moshe Herzberg and Menachem Elimelech, Department of Chemical Engineering, Environmental Engineering 
Program, Yale University, P.O. Box 208286, New Haven, CT 06520-8286, Fax: 203-432-2881, 
moshe.herzberg@yale.edu  

In nature, bacteria are mainly found as biofilms attached to surfaces by a slimy hydrogel matrix, consisting of 
polysaccharides, proteins, and DNA. In reverse osmosis (RO) membranes, biofilm formation is a major challenge 
and has adverse effects on the performance of RO units. In this study, a systematic investigation of RO biofouling 
with Pseudomonas aeruginosa (PA01) is being conducted. Three major components of the biofilm matrix are 



quantified using laser scanning confocal microscope (LSCM), Imaris digital imaging software, and COMSTAT 3D 
biofilm program: viable cells, non-viable cells, and extracellular polymeric substances (EPS). The different stages of 
biofilm formation on RO membranes are characterized and compared to the known biofilm developmental stages, 
which include cell attachment, micro-colony formation, biofilm maturation, and cell detachment. Also, a PA01 
chromosomally tagged with a gfp gene expressing short-life green fluorescent protein (GFP) and regulated by 
growth-dependent promoter enabled us to monitor viable and non-viable cell distribution in the RO biofilm. 
Microscopic examination along with the observation of decreased salt rejection suggest that “cake enhanced 
concentration polarization” is the major cause for flux decline.  

 
COLL 26 Ecology-based analysis of irreversible biofouling in membrane bioreactors  
Kai Zhang1, Hyeok Choi1, Mauyi Wu1, Ting Lu1, George A Sorial1, Dionysios Dionysiou1, and Daniel B. Oerther2. (1) 
Department of Civil and Environmental Engineering, University of Cincinnati, P.O. Box 210071, Cincinnati, OH 
45221-0071, Fax: 513-556-2599, zhangkk@email.uc.edu, (2) Department of Civil and Environmental Engineering, 
Deparment of Biological Science, University of Cincinnati  

In contrast to factors that have been widely investigated, the impact of the microbial communities involved in the 
initiation of irreversible membrane biofouling in membrane bioreactors (MBRs) has not been fully understood. The 
aim of this work was to provide the first step towards a microbial ecology-based understanding of irreversible 
biofouling. Amplified Ribosomal DNA Restriction Analysis (ARDRA) suggested that specific microorganisms could 
be responsible for initiating irreversible biofouling in four different laboratory scale MBRs. Phylogenetic analysis 
showed Acinetobacter and Brevundimonas could be the pioneers of biofouling initiation. Denaturing High 
Performance Liquid Chromatography (DHPLC) results confirmed the observations from ARDRA and phylogenetic 
analyses. DHPLC peak profiles also suggested the early attachment of microorganisms were reproducible. Flow-cell 
experiment comparing the early attachment of three cultures (Escherichia coli, Acinetobacter calcoaceticus, and E. 
coli + A. calcoaceticus) suggested that the microfiltration membranes were covered more quickly with micro-colonies 
in the channels with Acinetobacter.  

 
COLL 27 Effects of cranberry juice on the physicochemical properties of Escherichia coli and uroepithelial 
cells  
Yatao Liu1, Amparo M. Gallardo-Moreno2, and Terri A. Camesano1. (1) Department of Chemical Engineering, 
Worcester Polytechnic Institute, 100 Institute road, Worcester, MA 01609, (2) Department of Physics, University of 
Extremadura,Badajoz,Spain  

The adhesion of Escherichia coli onto uroepithelial cells (UC) functions as the first step in the development of urinary 
tract infections (UTIs). Cranberry juice (CJ) can prevent and even treat UTIs. In order to investigate those 
physicochemical properties before and after CJ treatment, P-fimbriated E. coli HB101pDC1, non-fimbriated E. coli 
HB101 and UC (ATCC CRL-9520) were immersed in 0.01M PBS, 2.5wt%, 5wt% and 10wt% neutralized CJ for 3 
hours. Cellular hydrophobicity was quantified by the water contact angle. The surface free energy, as the sum of 
Lifshitz-van der Waals and acid base surface components, was calculated from contact angles of water, formamide 
and diiodomethane on the cell lawns. The Lifshitz-van der Waals forces of the bacteria were not changed by CJ 
treatment but those of the UC were changed after CJ exposure. Combined with the force measurement data, the 
dominating factors responsible for bacterial adhesion are specific, rather than non-specific, interaction forces.  

 
COLL 28 Proanthocyanidins from cranberry for the prevention of bacterial cell adhesion  
Brandy Johnson-White1, James B. Delehanty2, Baochuan Lin2, Catherine A. Rimmer3, Lane C. Sander3, and 
Frances S. Ligler1. (1) Center for Bio/Molecular Science & Engineering, Naval Research Laboratory, Washington, 
DC 20375-5348, Fax: 202-767-9598, bwhite@cbmse.nrl.navy.mil, (2) Center for Bio/Molecular Science and 
Engineering, Naval Research Laboratory, (3) Analytical Chemistry Division, National Institute of Standards and 
Technology  

Cranberry juice has been used to prevent urinary tract infections, oral infections and stomach ulcers through 
inhibition of bacterial cell adhesion. We have reported the ability of cranberry juice to reduce nonspecific adhesion of 
bacteria to glass waveguides used in an immunoarray biosensor. The addition of cranberry juice to samples of 
Escherichia coli reduced nonspecific binding of the cells to the glass, thereby dramatically reducing background 



signal levels. Factors such as pH and sugar content were eliminated as contributing to this impact. Other juices such 
as that of red grapes or white cranberries did not reproduce the effect. The active components were determined to 
be within a fraction of the high molecular weight, non-dialyzable material from cranberry juice. This fraction of 
cranberry juice contains proanthocyanidins (PACs), polymers consisting of flavanoid subunits. PACs have been 
implicated in the inhibition of bacterial cell adhesion in the urinary tract. We have purified these compounds from 
cranberry juice in order to further investigate both their inhibition of E. coli cell adhesion and the mechanism through 
which this inhibition is accomplished. We will present data demonstrating the interaction of PACs with specific 
components of bacterial cell surfaces and discuss the implications of using PACs to control the interaction of 
bacterial cell components with host cells.  

 
COLL 29 Effects of Vaccinium macrocarpon on the adhesion activity of Escherichia coli to uroepithelial cells  
Paola A. Pinzon-Arango, Shipra Sharma, Yatao Liu, and Terri A. Camesano, Department of Chemical Engineering, 
Worcester Polytechnic Institute, 100 Institute Rd., Worcester, MA 01609, Fax: 5088315853, ppinzon@gmail.com  

Previous experiments have suggested that Vaccinium macrocarpon (cranberry) inhibit the adhesion of Escherichia 
coli to uroepithelium. Experiments were designed to characterize the changes that cranberry juice cocktail (CJC) can 
impart on bacterial morphology and adhesion. Two strains of E. coli were chosen, HB101 and HB101pDC1. A green 
fluorescent protein vector was inserted in both strains and bacterial cultures were grown in tryptic soy broth, with 10 
wt. % CJC. Replacement of media and continued culture in CJC resulted in morphological changes in both strains. 
Adherence experiments evaluated if the change in morphology affected the adhesion of bacteria to uroepithelial 
cells. The number of bacteria adhered to 150 uroepithelial cells was determined by fluorescence microscopy. The 
number of bacteria that adhered to uroepithelial cells decreased by >50% after exposure to 10 wt% CJC for at least 
eight culture times. These results scientifically validate the use of cranberry as a preventative measure for UTIs.  

 
COLL 30 Structure-chemistry relationships on oxide surfaces  
Peter C. Stair1, Kenneth R Poeppelmeier1, Michael J. Bedzyk2, Laurence D. Marks2, and Don E. Ellis3. (1) Center 
for Catalysis and Surface Science, Department of Chemistry, Northwestern University, 2145 Sheridan Road, 
Evanston, IL 60208-3113, Fax: 847-467-1018, pstair@northwestern.edu, (2) Center for Catalysis and Surface 
Science, Department of Materials Science and Engineering, Northwestern University, (3) Center for Catalysis and 
Surface Science, Department of Physics and Astronomy, Northwestern University  

Bulk and supported metal oxide materials are among the important classes of catalysts for chemical processing. 
However, fundamental surface science studies of model oxide catalytic systems are much less common than their 
metal surface cousins. This disparity is due to the technical difficulties associated with obtaining high purity 
materials, the problems of sample charging that limits the value of electron spectroscopic techniques, and the 
complicated host of surface structures, stoichiometries, and oxidation states characteristic of these materials. At 
Northwestern University a concerted and collaborative effort amongst chemists, materials scientists, and theorists to 
study the structure and chemistry of bulk Fe2O3 and SrTiO3 as well as supported VOx and WOx has revealed a 
number of surprises and a peak into the rich complexity of these systems. This talk will highlight the results of this 
work.  

 
COLL 31 Gold-based catalysts: Composition, structure and reactivity  
Andreea Catalina Gluhoi1, Hidde Brongersma2, and Bernard E. Nieuwenhuys1. (1) Surface and Catalysis, Leiden 
University, Einsteinweg 55, Leiden, Netherlands, gluhoi@chem.leidenuniv.nl, (2) Calipso BV  

Since Haruta reported that Au nanoparticles are surprisingly active if prepared and deposited on suitable carriers [1], 
the activity of Au has become widely recognized for various reactions [2]. Catalytic properties of Au depend on the 
size and shape of Au particles [3], but also on the nature of the support or additives and their interaction with Au [4, 
5]. Highly active Au/Al2O3 catalysts were prepared and tested in various reactions. Additives such as alkali (earth) 
metal oxides significantly influence the stability of Au nanoparticles against sintering (structural promoters). Additives 
such as ceria act as both structural and chemical promoters. However, the interaction between Au and additives is 
not fully understood. LEIS was used as a versatile technique to study the composition/structure of the 
multicomponent catalysts on the surface. For this purpose two representative systems were selected: 



Au/BaO/CeOx/Al2O3 and Au/Li2O/CeOx/Al2O3. The results are discussed in connection with the catalytic activity 
measurements.  

[1] M. Haruta, T. Kobayashi, N. Yamada, Chem. Lett. 2 (1987) 405. [2] A. C. Gluhoi, M. A. P. Dekkers, B. E. 
Nieuwenhuys, J. Catal. 219 (2003) 197. [3] A. Wolf, F. Schuth, Appl. Catal. A 226 (2002) 1. [4] A. C. Gluhoi, S. D. 
Lin, B. E. Nieuwenhuys, Catal. Today 90 (2004) 175. [5] A. C. Gluhoi, N. Bogdanchikova, B. E. Nieuwenhuys, J. 
Catal. 229 (2005) 154. 

 
COLL 32 STM studies of the structure of catalytically active gold  
Mingshu Chen and D. Wayne Goodman, Department of Chemistry, Texas A&M University, College Station, TX 
77842, Fax: 979-845-6822, mschen@mail.chem.tamu.edu  

Previously, we have reported the synthesis of well-ordered Au mono- and bi-layer films on a TiOx/Mo(112).[M. S. 
Chen, D. W. Goodman, Science 2004, 306, 252] Kinetic measurements for the catalytic oxidation of carbon 
monoxide show that the Au bi-layer structure is significantly more active (by more than an order of magnitude) than 
the monolayer, and is about 45 times higher than that reported for the most active higher-surface-area Au/TiO2 
catalyst. Here we report our recent STM studies of this system. The wetting of Au on the (8x2)-TiOx is clearly 
evidenced, and the ordered (1x1) mono- and (1x3) bi-layer structures are atomic resolved. The electronic and 
chemical properties of these ordered Au films have been characterized by IRAS using CO as a probe molecule and 
UPS. The common structural features of ordered Au bi-layers and Au bi-layer nanoparticles on TiO2(110) are 
described, and the exceptionally high catalytic activity of the Au bi-layer structure related to its unique electronic 
properties.  

 
COLL 33 Elucidating catalyst deactivation during hydrogenation of an aromatic ketone using LEIS  
Nakul Thakar1, Freek Kapteijn1, Jacob A. Moulijn1, A. Knoester2, and Hidde H. Brongersma2. (1) Catalysis 
Engineering, Faculty of Applied Sciences, Delft University of Technology, Julianalaan, 136, Delft 2628 BL, 
Netherlands, n.thakar@tnw.tudelft.nl, (2) Calipso B.V  

Pd/SiO2 is developed as an efficient catalyst for the liquid phase hydrogenation of p-isobutyl acetophenone to p-
isobutyl phenyl ethanol. This is an intermediate step in the multistep synthesis of Ibuprofen. The catalyst undergoes 
severe deactivation as observed by a low activity during subsequent runs. Thermogravimetric analysis and 
temperature programmed oxidation techniques suggest the presence of organic deposits on the catalyst surface. 
Catalyst deactivation partially occurs during heating the reaction mixture to reaction temperature (T=373 K) in the 
absence of H2. Oligomers formed due to aldol condensation of the reactant are proposed to be partly responsible for 
catalyst deactivation. A surface analysis of the fresh and spent catalyst samples with Low Energy Ion Scattering 
(LEIS), which gives the atomic composition of the outermost atomic layer of a surface, is used to obtain conclusive 
information on the location of the organic deposits and on the presence of any poisons responsible for catalyst 
deactivation.  

 
COLL 34 Surface analysis of the ab-plane of MoVTeNbOx catalysts for propane (amm) oxidation by low 
energy ion scattering (LEIS)  
Annette Trunschke, Fritz-Haber Institute, Faradayweg 4-6, 14195 Berlin, Germany, Fax: +49-30-8413-4401, R 
Schloegl, Dept of Inorganic Chemistry, Fritz-Haber-Institute, Vadim V. Guliants, Department of Chemical 
Engineering, University of Cincinnati, Arie Knoester, Spectrum Bldg, Calipso B.V, and Hidde Brongersma, Calipso 
BV  

There is great global interest in utilization of light alkane feedstocks in the production of petrochemicals by selective 
(amm)oxidation due to current abundance and lower costs of alkanes compared to the corresponding olefins. 
However, direct oxidation of alkanes requires multifunctional catalysts that cope with simultaneous activation of C-H 
bonds, molecular oxygen and ammonia and that concurrently provide selectively oxidizing oxygen atoms. For 
selective oxidation of propane to acrylic acid and ammoxidation to acrylonitrile, this multi-functionality is implemented 
in MoVTeNbOx catalysts, which show high activities and selectivities to acrylic acid and acrylonitrile.  



It has been suggested that the ab-planes of the M1 phase contain the active and selective surface sites. The 
catalytic role of these planes was investigated by combining the microreactor study of propane (amm)oxidation over 
these model catalysts with Low Energy Ion Scattering (LEIS) to selectively determine the atomic composition of the 
outer surface of the ab-planes.  

 
COLL 35 Study of tungsten oxide modified alumina support by LEIS  
G. N. Salaita, Analytical Sciences, Dow Chemical Company, 3200 Kanawha Turnpike, South Charleston, WV 25303, 
salaitgn@dow.com, and H. H. Brongersma, Department of Chemistry, Calipso Company, 5617 AZ Eindhoven, The 
Netherlands, WV, h.h.brongersma@tue.nl  

The production of ethylene oxide (EO) by the direct oxidation of ethylene is catalyzed by silver supported on alpha 
alumina carriers. The modification of the catalyst carrier can add chemical and physical improvements that can 
translate into improved chemical performance and lifetime. In the course of that research, some interesting materials 
were prepared from tungsten addition to transitional alumina species and high temperature calcination. A series of 
such compounds were prepared by the addition of ammonium meta-tungstate to gamma alumina catalyst carriers 
followed by a 1200°C calcination procedure. This series covers a range of tungsten concentrations from 0.25% to 
10% by weight.  

The tungsten oxide modified á-alumina series was studied by Ion Scattering Spectroscopy (ISS) to determine if there 
is a chemical reaction (electronic effect) between tungsten and the support forming tungsten aluminate type of 
species.  

 
COLL 36 Surface vibrational spectroscopy on polyvinyl cinnamate: Searching for molecular-level 
understanding of surface-induced liquid crystal alignment  
Y. Ron Shen, Department of Physics, University of California, Berkeley, CA 94720, Fax: 510-643-8923, 
yrshen@calmail.berkeley.edu, C. Y. Chen, Department of Physics, University of California at Berkeley, and P. 
Pagliusi, Department of Physics, University of Calabria  

Polymer surfaces are generally used in the liquid crystal(LC) industry to align LC films needed for display devices. It 
is important to understand the underlying mechanism responsible for this surface-induced LC alignment effect. We 
have used sum-frequency vibrational spectroscopy (SFVS) to investigate at the molecular level how rubbing and uv 
photo-irradiation modifies the structure of a polyvinyl cinnamate (PVCi) surface and then effectively align a liquid 
crystal film deposited on it. We find that rubbing aligns the PVCi main chains as well as the cinnamate side chains at 
the surface. Interaction of LC molecules with the cinnamate moities than leads to alignment of LC molecules and the 
film. With linearly polarized uv irradiation, photo-dimerization of cinnamate side chains at the surface is the reason 
that leads to LC alignment perpendicular to the polarization. This work was supported by NSF.  

 
COLL 37 Sum-Frequency Generation spectroscopy of long-chain alkyl groups on polymers and in 
monolayers: order, anisotropy, and vibrational quantum beats  
Alexander V. Benderskii, Himali D. Jayathilake, and Andrey N. Bordenyuk, Department of Chemistry, Wayne State 
University, Detroit, MI 48202, Fax: 313-577-8822, alex@chem.wayne.edu  

Frequency- and femtosecond time-domain IR+visible Sum Frequency Generation (SFG) spectroscopy was used to 
study molecular order, orientation, and conformation of long alkyl groups in Langmuir-Blodgett monolayers and at 
polymer surfaces. Mechanical rubbing was found to induce pronounced azimuthal anisotropy of the long alkyl side 
chains of polyimide surfaces used as alignment layers in liquid crystal displays. Orientational analysis of the SFG 
spectra of the CH3 and CH2 groups of the side chains shows their preferential tilt along the rubbing direction, with 
distribution width depending on the rubbing strength. Vibrational quantum beats observed in Langmuir-Blodgett 
monolayers are demonstrated to be sensitive to the molecular order/disorder in the film. Nearly vertical alignment of 
all-trans alkyl chains is observed in films transferred at high surface pressure, while at lower surface pressure, 
changes in chain tilt angle and onset of gauche-defects are observed. We acknowledge support by NSF CAREER 
grant #0449720 and the donors of the American Chemical Society Petroleum Research Fund for partial support 
under the ACS-PRF grant #40868-G6.  



 
COLL 38 Detection of chirality from a helically structured polymer thin film: Sum-frequency vibrational 
spectroscopic study  
Masahito Oh-e, Liquid Crystal Nano-system Project, SORST, Japan Science & Technology Agency, 5-9-9 Tokodai, 
Tsukuba, Ibaraki 300-2635, Japan, Fax: +81-29-847-9819, oh-e@nanolc.jst.go.jp  

Sum-frequency vibrational spectroscopy (SFVS) was used to probe chirality of a polymer thin film. We report here 
the application of the technique to probe vibrational chirality in chiral polymer films. The polymer has a π-electron 
conjugated structure in the main chain, and a chiral center in the side chain that is close to the main chain. 
Interaction between the chiral side chains and the main chain presumably causes the main chain to twist helically. 
Chiral vibrational spectra of poly(bithienylene-phenylene) and poly(trithienylene) were obtained. As expected for 
chiral responses, we find that the chiral SFVS spectra are identical for the two enantiomers, and the signal vanishes 
for the racemic polymer. We also confirm experimentally that the chiral nonlinear susceptibilities for SFVS for the two 
enantiomers have opposite signs. Vibration-electronic double resonance was responsible for the observation of 
unusually strong chiral spectra of the phenylene vibrational mode.  

 
COLL 39 Probing organic field effect transistors (OFETs) in situ using SFG  
Hongke Ye1, Ashraf Abu-Akeel1, Jia Huang2, Howard E. Katz2, and David H. Gracias3. (1) Department of Chemical 
and Biomolecular Engineering, Johns Hopkins University, 3400 N Charles Street, Baltimore, MD 21218, Fax: 410-
5165510, Hongke.Ye@jhu.edu, (2) Department of Materials Science and Engineering, Johns Hopkins University, (3) 
Department of Chemical and Biomolecular Engineering and Department of Chemistry, Johns Hopkins University, 
3400 N Charles Street, 125 Maryland Hall, Baltimore, MD 21218, Fax: 410-516-5510, dgracias@jhu.edu  

Organic field effect transistors (OFET) have attracted considerable attention recently as an enabling component for 
“organic” or “plastic” electronics. Plastic electronics has several advantages over silicon based electronics in terms 
of the possibility of low cost, roll to roll processing and the development of electronics on flexible substrates. 
However, considerable challenges in organic semiconductors such as low mobility, irreproducible electrical 
characteristics and long term stability need to be overcome for OFETs to gain widespread acceptance.  

In this paper, we describe results obtained using surface sensitive IR+Visible Sum Frequency Generation (SFG) 
non-linear optical spectroscopy on interfaces of OFETs during operation. We observe remarkable correlations 
between trends in the SFG spectra and electrical properties of the transistor, with varying gate voltage (VG). These 
results suggest that field effects on electronic conduction in thin film organic semiconductor devices are correlated to 
interfacial non-linear optical characteristics.  

 
COLL 40 Sum frequency generation vibrational spectroscopy studies on water-soluble polymer interfaces  
Takayuki Miyamae, Nanotechnology Research Institute, National Institute of Advanced Industrial Science and 
Technology (AIST), Central 5, 1-1-1, Higashi, Tsukuba, Ibaraki 305-8565, Japan, Fax: 81-29-861-4504, t-
miyamae@aist.go.jp  

Water-soluble polymers have been attracting considerable attention for biomedical applications. Sum frequency 
generation (SFG) vibrational spectroscopy has been applied to investigate the several kinds of the water-soluble 
polymer interfaces. A series of amphiphilic block copolymers containing poly[oligo(ethylene glycol) methacrylate] 
segments and the corresponding poly[methyl ethers of oligo(ethylene glycol) methacrylate] block copolymer surfaces 
are investigated by using SFG in air. The terminal moiety on the oligo(ethylene glycol) side chain played an 
important role in determining the surface structure of the films. The hydrophilic block exposes the methyl termini to 
the surface and reduces the surface tension in air or vacuum. Poly(N-isopropylacrylamide) (pNIPAAm), which shows 
lower critical solution temperature (LCST) behavior in aqueous solutions, are also covered with the methyl groups of 
the side chain in air atmosphere. Molecular restructuring behavior of pNIPAAm grafted on the quartz will also be 
discussed.  

 
COLL 41 Enzyme activity on polymer films: The critical role of surface properties  
Bo Chen, Othmer Department of Chemical and Biological Sciences, Polytechnic University, 6 Metrotech Center, 
Brooklyn, NY 11201, bchen3@gmail.com, Miriam Rafailovich, Material Science, SUNY Stony Brook, and Richard 



Gross, NSF I/UCRC Center for Biocatalysis and Bioprocessing of Macromolecules, Othmer Department of Chemical 
and Biological Sciences and Engineering, Polytechnic University  

A detailed investigation of protein-surface interactions for Candida antarctica lipase B (CAL-B) immobilized within 
macroporous resins is not feasible largely due to the inability to probe enzyme confirmation and surface structure 
within such resins by AFM and other instrumental methods such as reflection spectroscopy that is normally used to 
analyze surface chemistry. Therefore, there is an urgent need to mimic the surface topology of macroporous resins 
in order to understand the conformation and orientation of enzyme immobilized on such surfaces. In this study, we 
successfully immobilized CALB on polymer films varied in concentration of pendant epoxy groups. The three 
dimensional size and distribution of immobilized CALB on films was investigated by AFM and the activity of the 
immobilized CALB was determined by hydrolysis of p-nitrophenyl butyrate (PNP-B). An apparatus was designed 
specifically so that enzyme activity could be monitored in parallel reactors using a UV plate reader. It was found that 
enzyme loading and the total activity was increased with the increase of the enzyme loading and the hydrophobicity 
of polymer films.  

 
COLL 42 Combining confocal Raman spectroscopy and atomic force microscopy for characterization of 
pulp fiber surfaces  
Monika Österberg and Anna-Stiina Jääskeläinen, Laboratory of Forest Products Chemistry, Helsinki University of 
Technology, Vuorimiehentie 1, P.O. Box 6300, 02015 Espoo, Finland, monika.osterberg@tkk.fi  

We have used a combined confocal Raman and atomic force microscope (CR-AFM) to study the surface properties 
of pulp fibers. Recently AFM and especially phase imaging has been applied to characterize the surface of pulp 
fibers. Typically an AFM phase image reveals structures that have been assigned to originate from cellulose, lignin 
or extractives. These assignments have been based on supporting techniques such as XPS or ToF SIMS. However, 
these techniques are laborious, need high vacuum and are measured separately from different positions of the 
sample. Hence they still leave space for speculation about the assignment of the different structures in the AFM 
phase images. With CR-AFM the Raman spectra can be collected from the same position of the sample 
simultaneously with AFM scanning and proof of the chemical structures of the different morphological regions 
observed with AFM can be obtained. No additional sample preparation steps are needed to make the analyses.  

 
COLL 43 Applying imprint lithography (PRINT) for the generation of shape-specific, targeted nanocarriers in 
medicine  
Julie A. DuPont1, Larken E. Euliss2, Robert Z. Orlowski3, Jonathan Serody3, Klaus M. Hahn4, Christopher M Welch4, 
George W Small3, Ivana Ferrer3, and Joseph M. DeSimone5. (1) Department of Chemistry, University of North 
Carolina Chapel Hill, Chapel Hill, NC 27599, Fax: 919-962-5467, jadupont@email.unc.edu, (2) Department of 
Chemistry, University of North Carolina at Chapel Hill, (3) Department of Medicine, Division of 
Hematology/Oncology, University of North Carolina at Chapel Hill, (4) Pharmacology, University of North Carolina, 
(5) Dept of Chemistry, Dept of Pharmacology, School of Medicine, Lineberger Comprehensive Cancer Center, Dept 
of Chemical Eng, University of North Carolina at Chapel Hill and North Carolina State University  

The emerging technology offered by Particle Replication In Non-wetting Templates (PRINT) provides an opportunity 
to take nanomedicine to the next level by incorporating all of the components of an ideal nanoparticle delivery 
vehicle. Specifically, being biocompatible, shape and size specific, monodisperse, composed of virtually any 
material, amenable to functionalization, and gentle enough for fragile biological cargo. We have successfully 
demonstrated the attachment of pendant chemical moieties onto the surface of the particles thorough the generic 
amine platform, carbonyldiimidazole (CDI). Specifically, the CDI conjugation permits the binding of the avidin-biotin 
conjugate to the surface of the PRINT particles which provides a tether through which a spectrum of further targeting 
proteins or antibodies can bind. Additionally, through a generic encapsulation technique, we have demonstrated that 
a chemotherapeutic can be encapsulated into the particle, creating a targeted nano-carrier which can deliver the 
chemotherapeutic in a controlled fashion.  

 
COLL 44 Dendrimer-polymer based nano-systems for combined diagnosis and therapy  
Adah Almutairi and Jean M. J. Frechet, Department of Chemistry, University of California Berkeley, 702 Latimer 
Hall, University of California, Berkeley, CA 94720  



Advances in polymer and dendrimer syntheses have enabled the construction of novel nano-scale systems with 
unique properties and functions, some especially suited for biological and medical applications.  

Nano-structures functionalized at the core and peripheries with targeting, imaging and therapeutic agents have been 
prepared. To achieve this, orthogonal protecting and functional group synthetic strategies were employed, thus 
permitting the combination of diagnosis and therapy into one integrated nano-system. Aliphatic polyester dendrimer-
poly ethylene oxide hybrids have been used as chemical building blocks, enabling facile tuning of the hydrodynamic 
volume, which influences the blood residence time, to meet the bioavailability needs of the attached imaging 
modality or drug.  

Nano-carriers transporting both diagnostic and therapeutic agents are being studied, by a multidisciplinary team of 
researchers, using three imaging modalities: Positron Emission Tomography (PET), Magnetic Resonance Imaging 
(MRI), and Near Infra-Red (NIR) Tomography. Progress towards improved bioavailability, efficacy, and resolution will 
be discussed.  

 
COLL 45 Biodistribution and clearance rates of single-walled carbon nanotubes in rabbits  
Paul Cherukuri1, Christopher Gannon2, Tonya Leeuw3, Howard K. Schmidt4, Sean T. Pheasant3, Robert Hauge5, 
James. M. Tour6, Steven A. Curley2, and R. Bruce Weisman6. (1) Department of Chemistry, Carbon Nanotechnology 
Laboratory, Rice University, 6100 Main Street, MS 100, Houston, TX 77005, cheru@rice.edu, (2) MD Anderson 
Cancer Center, (3) Department of Chemistry, Rice University, (4) Carbon Nanotechnology Laboratory, Rice 
University, (5) Smalley Institute for Nanoscale Science and Technology, Rice University, (6) Department of 
Chemistry and Center for Nanoscale Science and Technology, Rice University  

Single walled carbon nanotubes are a novel class of xenobiotic nanoscale vectors that could be targeted to cells for 
the diagnosis and treatment of clinically challenging diseases. We have therefore developed injectable formulations 
of SWNTs in order to better understand the clearance and biodistribution of these nanoparticles in small animals. 
Specifically, we have intravenously injected several rabbits with SWNTs that have been non-covalently 
functionalized with a biocompatible amphiphilic polymer. By measuring the NIR emission properties of carbon 
nanotubes in circulating blood, we were able to determine the clearance rate and biodistribution of SWNTs over a 
period of 24 hrs. Our study demonstrates that SWNTs can be tracked in vivo without the need for any additional 
fluorophore or radiolabel and furthermore we have also shown that these specific formulations of SWNTs are 
biocompatible, have a long circulation time, and could potentially be used as nanovectors for targeted drug delivery.  

 
COLL 46 Carbon nanotube-based delivery systems  
Lara Lacerda and Kostas Kostarelos, Centre for Drug Delivery Research, The School of Pharmacy, University of 
London, 29-39 Brunswick Square, London WC1N 1AX, United Kingdom, kostas.kostarelos@pharmacy.ac.uk  

Carbon nanotubes (CNT) are explored as novel nanomaterials for biomedical applications, which include their use 
as DNA biosensors, protein biosensors and transporters, ion channel blockers and drug and gene delivery systems. 
We have shown that water-soluble ammonium-functionalised CNT are compatible with the biological milieu and can 
act as delivery systems for genes transported into mammalian cells with minimal cytotoxicity. In this communication 
we present our data using functionalised single-walled (f-SWNT) and multi-walled (f-MWNT) carbon nanotubes as 
new vectors for the delivery of therapeutic molecules to cells and organs. The interaction of CNT with cells (in vitro) 
and organs (in vivo) indicates their capacity to be uptaken by cells and get cleared from blood circulation without 
undesirable side effects, illustrating the potential of such novel nanomaterials for therapeutic or diagnostic purposes.  

 
COLL 47 Developing carbon nanotube vectors - in vitro biocompatibility  
Valerie C. Moore1, Melinda Lackey1, Jared L. Hudson2, Paul Cherukuri3, James. M. Tour2, and Jodie L. Conyers1. 
(1) Department of Internal Medicine, University of Texas Health Science Center at Houston, 6770 Bertner Avenue 
THI C964A, Houston, TX 77030, Fax: 832-355-9368, Valerie.Moore@uth.tmc.edu, (2) Department of Chemistry and 
Center for Nanoscale Science and Technology, Rice University, (3) Department of Chemistry, Carbon 
Nanotechnology Laboratory, Rice University  



Carbon nanotubes are a unique candidate for the foundation of a multifunctional nanovector where the targeting, 
imaging, and therapeutic agents can be customized for optimal efficacy depending on patient or disease. The first 
step in development of a carbon nanotube vector is, of course, biocompatibility. This study focuses on PEGylated 
nanotubes through both covalent sidewall PEGylation and noncovalent Pluronic wrapping. To assess 
biocompatibility a variety of assays including LDH, MTT, and Annexin V were preformed using several cell lines. The 
nanotube formulation biocompatibility is concentration dependent with most formulation being nontoxic at reasonable 
dose levels. Also an investigation of biocompatibility dependence on nanotube length will be discussed.  

 
COLL 48 Synthesis of gold-capped magnetic nanotubes and silica nanotubes for the biomedical and 
biotechnological applications  
Sang Jun Son1, Xia Bai1, and Sang Bok Lee2. (1) Department of Chemistry & Biochemistry, University of Maryland, 
0107 Chemistry Building, University of Maryland, College Park, MD 20742, Fax: 301-314-9121, triaza@gmail.com, 
(2) Department of Chemistry and Biochemistry, University of Maryland  

Spherical nanoparticles are not an ideal platform for the multifunctional nanomaterials because it has a single 
surface so every surface modification for the multifunctionality should take place at the same surface, which can lead 
to malfunction or interruption between the multifunctional components. In this context, nanotube is more favorable 
for the development of the multifunctional nanoparticles because it has two distinctive inner and outer surfaces 
which can be modified differentially to have multifunctionality thanks to template synthesis. Although these 
differentially functionalized or multifunctionalized nanotubes have shown enormous potential in biomedical 
application, we cannot make use of whole volume of inner voids of nanotubes, but just the inner surface of 
nanotubes because the ends of nanotube are open and the leak of loaded cargo is inevitable. In this work, a strategy 
to seal the open ends of nanotube completely or reduce pore diameter with gold nanoparticles was exploited. Silica 
nanotubes and magnetic nanotubes were prepared from template “surface sol-gel” synthesis and then various sizes 
of gold nanoparticles were used to block the open end of those nanotubes using biointeraction or ionic interaction 
between inner surface of nanotube and gold nanoparticle surface. To encapsulate drug molecules and biomolecules 
such as DNA and protein, capping procedure was performed in the solution of those targets and their release from 
nanotube into the solution was investigated.  

 

 
COLL 49 Synthetic ion channels as antibiotics  
George W. Gokel, Department of Molecular Biology & Pharmacology, Washington University School of Medicine, 
660 S. Euclid Ave., Campus Box 8103, St. Louis, MO 63110, Fax: 314-362-9299, ggokel@wustl.edu  

Macrocyclic polyether compounds are excellent cation binders and their complexation behavior has been extensively 
studied during three decades. We have incorporated macrocycles into structures that we have developed for use as 
model cation-conducting transmembrane channels. These compounds transport H+, Na+, K+ through phospholipid 
membranes. Sodium transport has been assessed by dynamic 23Na-NMR methods and proton flux has been 
measured by fluorescence techniques. Sodium and potassium fluxes have been determined in certain cases by 
bilayer clamp methods in phospholipid bilayers. Hydraphile channels are currently thought to form water- and 
sodium-filled pores through the bilayer. As such, they may affect cellular osmotic balance when present in the 
plasma membrane. Toxicity has been correlated with channel length and some organism selectivity has been 
observed. The structure, function, and toxicity profiles of various synthetic ion channels will be discussed.  

 
COLL 50 Nanoscale gene therapy systems made of carbon nanotubes, viral nanoparticles and liposomes  
Kostas Kostarelos, Centre for Drug Delivery Research, The School of Pharmacy, University of London, 29-39 
Brunswick Square, London WC1N 1AX, United Kingdom, kostas.kostarelos@pharmacy.ac.uk  



Recent efforts from our group to transform different types of nanomaterials as viable tools for gene delivery will be 
presented. The first and most exploratory nanomaterial studied is the carbon nanotube (CNT). CNT constitute a 
novel class of fullerene-based nanomaterials with yet unproven utilization in biomedical applications. Biomedical 
applications of carbon nanotubes that have been explored include delivery of genes, drugs, and antigens. The 
second type of nanomaterial to be presented is an adenovirus (Ad). Ad is a proteinaceous nanoparticle, even though 
rarely considered that way, as well as one of the most common types of viral gene therapy vector. The Ad 
nanoparticle has a more proven pharmacological profile than CNT, mainly from gene therapy clinical trials using Ad 
vectors. Ad surface engineering using different lipid molecules can lead to alterations of the nanoparticle structural 
characteristics which translate to modifications in the virus pharmacological and biological activity profile.  

 
COLL 51 Capped mesoporous silica nanoparticles for intracellular controlled release and drug delivery  
Victor, S-Y. Lin, Department of Chemistry, Iowa State University, 0755 Gilman Hall, Iowa State University, Ames, IA 
50011, Fax: 515-294-0105, vsylin@iastate.edu  

We have developed a series of mesoporous silica nanosphere (MSN) materials as stimuli-responsive controlled 
release delivery carriers. Several pharmaceutical drugs and neurotransmitters were encapsulated inside the 
mesopores of MSN by capping the openings of the mesopores with various chemically removable caps to block the 
molecules of interest from leaching out. We studied the stimuli-responsive release profiles of several 
drug/neurotransmitter-loaded MSN systems by using various non-cytotoxic chemicals as release triggers. 
Furthermore, the gene transfection efficacy, uptake mechanism, and biocompatibility of the capped-MSN system 
with various cell types, such as neural glia (astrocytes), human cervical cancer (HeLa), and Chinese hamster 
ovarian (CHO) cells were investigated. The mesoporous structure of the MSN material allows membrane 
impermeable molecules, such as pharmaceutical drugs and fluorescent dyes, to be encapsulated inside the MSN 
channels. We envision that these MSNs can serve as a universal transmembrane carrier for intracellular drug/gene 
delivery and imaging applications.  

 
COLL 52 Drug release from self-assembled inorganic-organic hybrid silica gels: Evidence for local 
molecular interactions from solid-state NMR  
Hubert Koller and Geo Paul, Institute of Physical Chemistry, University of Muenster, Corrensstrasse 36, Muenster 
48149, Germany, Fax: +49 251 8323409  

Two drug molecules, Persantin and Propranolol, have been embedded by a sol gel process in an inorganic-organic 
hybrid matrix by in-situ self-assembly. The pH value in the sol-gel synthesis controls the pore size and distribution of 
the gels. The host-guest interaction can be tailored to control the release kinetics by appropriate choice of an organic 
group in the hybrid matrix. Especially the mutual interaction among aromatic groups in the host and guest is strong, 
and retards the dissolution process strongly. An interaction was also found between the methyl-functionalized gel 
surface and aromatic groups in the drug. The local molecular interaction between the drug and the host matrix has 
been investigated by employing two-dimensional heteronuclear correlation spectroscopy. The in vitro dissolution 
tests are in good agreement with results from high resolution solid-state NMR spectroscopy. The methyl and silanol 
groups in the matrix interact significantly with the guest molecules which controls the drug release. The results from 
the NMR studies provide deeper insight into the molecular level interactions between the host and the guest which 
will help us to design better materials for controlled drug release.  

 
COLL 53 Synthesis and dethreading kinetics of pH-sensitive α-cyclodextrin - polyethylene glycol 
polyrotaxanes bearing cleavable endcaps  
David H. Thompson1, Scott Loethen1, Tooru Ooya2, and Nobuhiko Yui2. (1) Department of Chemistry, Purdue 
University, 560 Oval Drive, West Lafayette, IN 47907, Fax: 765-494-0239, davethom@purdue.edu, (2) School of 
Materials Science, Japan Institute of Science and Technology  

Two α-cyclodextrin-polyethylene glycol (α-CD - PEG1500) polyrotaxanes with endcapping groups that were installed 
using Cu(I)-catalyzed Huisgen cyclization have been synthesized and their acid-catalyzed degradation kinetics 
characterized. Dethreading rates upon exposure to mild deprotection conditions were monitored by turbidity and 
GPC analysis. The vinyl ether endcapped polyrotaxanes are stable at pH 7 for 16 h, but are solubilized at 
approximately 0.0211 min-1 at pH 4. Our results show that pH-triggerable polyrotaxanes can be readily and efficiently 



prepared from polypseudorotaxanes in high yield by Huisgen cyclization of azido- and alkynyl-modified precursors in 
the presence of Cu(I). Potential utilization of these materials in drug delivery applications will be briefly discussed.  

 
COLL 54 Nanotechnology for catalysis and biointerfaces  
Bengt H Kasemo, Department of Applied Physics, Chalmers University of Technology, Chemical physics Group, 
Gothenburg SE-412 96, Sweden, Fax: +46 31 772 3134, kasemo@fy.chalmers.se  

Nanotechnology is an enabling technology for almost all areas of science and technology. In this talk examples are 
given from two areas; biointerfaces and catalysis. In the biointerface area formation of biomimetic membranes on 
surfaces is described, with potential applications for sensing, drug screening and cell engineering. The second 
example is nanofabrication and evaluation of model catalysts and photocatalysts. In both areas the preparation and 
applications of so called nanoparticle surface plasmons is explored and recent examples from our research in this 
area is reported.  

 
COLL 55 Chemical transformations in nanocrystals  
A. Paul Alivisatos, Depart. of Chemistry, University of California, Berkeley, and Materials Sciences Division, 
Lawrence Berkeley National Laboratory, Berkeley, CA 94720, alivis@berkeley.edu  

Nanocrystals with tightly controlled size distribution and well-defined shapes (spheres, disks, rods, …) can now be 
prepared quite readily. These nanocrystals can, in turn, be transformed chemically from one material to another, and 
these transformations will be the subject of the talk. Chemical reactions in nanocrystals can proceed by simplified 
kinetics compared to bulk solids; further, the products can be spatially complex arrangements of connected 
materials. In this sense, the nanocrystal can be an important model system for understanding chemical reactions in 
the solid state more generally. Examples covered will be the formation of hollow nanocrystals through the nanoscale 
Kirkendall effect, cation exchange reactions in nanocrystals, and nanocrystal splitting reactions.  

 
COLL 56 Enhanced photochemistry and single molecule Raman scattering on silver nanocrystals  
Louis Brus, Chemistry Department, Columbia University, 3000 Broadway, New York, NY 10027  

Two touching 30nm Ag nanocrystals exhibit a "hot spot" in their local electromagnetic field enhancement at the 
junction. If a molecule is chemisorbed in the junction and also electronically resonant with the laser, this 
enhancement is sufficient to enable single molecule Raman spectroscopy. The laser-induced coherent ac 
polarization in the metal, which localizes at the junction, also creates a strong attractive potential squeezing the 
junction. We calculate these optical forces by integration of the Maxwell stress tensor. The Ag local electromagnetic 
field enhancement can also photo-catalyze reduction of adsorbed Ag ion leading to nanocrystal growth. The shape 
of the growing Ag nanocrystal can be controlled by the choice of laser wavelength with respect to the dipolar 
plasmon resonant wavelength.  

 
COLL 57 Molecules-nanoparticles-live nerve cells at aqueous interfaces  
Kenneth B. Eisenthal, Department of Chemistry, Columbia University, 3000 Broadway, New York, NY 10027, Fax: 
212-932-1289, kbe1@columbia.edu  

Abstract  

Interface second harmonic and sum frequency spectroscopies are used to investigate equilibrium and time 
dependent phenomena at molecular, nanoparticle, and live nerve cell aqueous interfaces.  

 
COLL 58 Shape-dependent nanocatalysis and the effect of catalysis on the nanoparticle shape and size in 
colloidal solution  
Mostafa A El-Sayed, School of chemistry and Biochemistry, Georgia Institute of Technology, 770 State street, 
Atlanta, GA 30332-0400, Fax: 404-894-0294, mostafa.el-sayed@chemistry.gatech.edu  



In this talk, I will discuss our results on nanocatalysis in colloidal solution of two reactions, a mild electron transfer 
reaction and a harsh Suzuki carbon-carbon coupling reaction. There is definitely shape dependence of the activation 
energy of these reactions, and the nanoparticles with larger fraction of its atoms present at edges and on corners are 
found to have the lowest activation energy. We also found that the activation energy increases during the reaction as 
a result of shape changes, which tend to round out the edges and the corners. The effect of nanocatalysis on size is 
found to depend on the reaction studied. In some reactions, the size increases; while in others, it decreases. The 
reasons for these changes will be discussed.  

 
COLL 59 Optical imaging of nanoscale dynamics  
Stephen R. Leone, Departments of Chemistry and Physics / Chemical Sciences Division, University of California at 
Berkeley / Lawrence Berkeley National Lab, Berkeley, CA 94720, Fax: 510-643-1376, srl@berkeley.edu  

Scanned probe and coherent laser microscopies are developed to investigate nanoscale materials and time-domain 
processes in nanostructured optical devices. These include apertureless near field microscopy probing of islanded 
semiconductor films, confocal microscopy investigations of ultrafast pump-probe experiments to measure stimulated 
emission processes in ZnO nanowire species, and single pulse coherent anti-Stokes Raman microscopy using 
phase-shaped ultra-broad-band pulses for rapid spatial and spectral analysis of polymers. The requirements for 
optical techniques using scanned probe methods to investigate nanoscale features is considered along with results 
for each system.  

 
COLL 60 Single-molecule fluorescence tracking probes membrane dynamics  
W. E. Moerner1, Hanshin Hwang1, So Yeon Kim1, Anika Kinkhabwala2, and Stefanie Nishimura1. (1) Department of 
Chemistry, Stanford University, Stanford, CA 94305-5080, Fax: 650-725-0259, wmoerner@stanford.edu, (2) 
Department of Applied Physics, Stanford University  

Imaging of the fluorescence from single molecules in biomolecular systems provides a useful way to sense 
dynamical changes in living cells. For example, fluorescently-labeled type II major histocompatibility complex 
proteins can be observed moving in the membrane of Chinese hamster ovary cells, and changes in the cholesterol 
concentration of the membrane lead to a drop in diffusion coefficient. In bacterial cells, individual fusions of a newly-
discovered bacterial actin protein to a yellow-emitting mutant of green fluorescent protein allow the observation of 
monomer diffusion as well as the formation of polymerized filaments which show treadmilling. Finally, fluorescently-
labeled cell-penetrating peptides allow for the observation of these peptides as they interact with, and eventually 
penetrate, cell membranes. These examples show that single-molecule fluorescence imaging is a powerful tool for 
visualizing a variety of cellular processes in real-time. Collaboration with the laboratories of H. M. McConnell, L. 
Shapiro, R. J. Twieg, and P. Wender.  

 
COLL 61 Quantitative measurements of single molecule dynamics: Intermolecular potentials and functional 
properties  
Paul S. Weiss, Departments of Chemistry and Physics, The Pennsylvania State University, 104 Davey Laboratory, 
University Park, PA 16802, Fax: 814-863-5516, stm@psu.edu  

Interactions within and between molecules can be designed, directed, measured, understood and exploited at 
unprecedented scales. We look at how these interactions influence the chemistry, dynamics, structure, electronic 
function and other properties. Such interactions can be used to advantage to form precise molecular assemblies, 
nanostructures, and patterns, and to control and to stabilize function. These nanostructures can be taken all the way 
down to atomic-scale precision or can be used at larger scales. We measure these interactions and the electronic 
perturbations that underly them using scanning tunneling microscopy. In these and other measurements, we collect 
substantial data sets in order to generate distributions with the statistics of ensemble-averaging techniques, while 
still retaining all the single molecule and environmental information. This requires new automated tools for 
acquisition and analyses. We also use molecular design, tailored syntheses, intermolecular interactions and 
selective chemistry to direct molecules into desired positions to create nanostructures, to connect functional 
molecules to the outside world, and to serve as test structures for measurements of single or bundled molecules. We 
select and tailor molecules to choose the intermolecular interaction strengths and the structures formed within the 
film. We selectively test hypothesized mechanisms for electronic switching by varying molecular design, chemical 



environment, and measurement conditions to enable or to disable functions and control of these molecules with 
predictive and testable means. Critical to understanding these variations has been developing the means to make 
tens to hundreds of thousands of independent single-molecule measurements in order to develop sufficiently 
significant statistical distributions, once again comparable to those found in ensemble-averaging measurements, 
while retaining the heterogeneity of the measurements. We quantitatively compare the conductances of molecule-
substrate junctions. We demonstrate the importance of these junctions in conductance switching of single 
molecules.  

 
COLL 62 Unidirectional motion of anthracene derivatives on an isotropic Cu(111)  
Ki-Young Kwon, Kin L Wong, Greg Pawin, Robert Frisbee, Tong Jiao, Xin Lin, and Ludwig Bartels, Department of 
Chemistry, University of California, Riverside, Riverside, CA 92521, kkwon002@student.ucr.edu  

Diffusion of adsorbates on surfaces has gathered intense interest recently, yet except for one-dimensional diffusion 
of small molecules on anisotropic surfaces, no molecules have been found, whose diffusive motion deviates from a 
2D random walk. Here, we report on the diffusion of individual 9,10-dithioanthracene (DTA) molecules on Cu(111). 
DTA adsorbs with the aromatic system lying flat on the substrate and with both sulfur atoms anchored at the 
substrate. In variable-temperature STM studies, we find that DTAs show unidirectional motion where the anthracene 
moiety of DTA is aligned to the substrate high symmetry direction. In addition, we studied diffusion of DTA 
derivatives containing methyl groups in the one end of the anthracene to investigate the relationship between 
chemical structures and the guidance of molecular motion. This talk will explore concepts for molecular transport 
based on such systems.  

 
COLL 63 Atomic-scale processes underlying nanoscale pattern formation of Pb/Cu(111) surface alloy: 
Bridging length scales from atoms to microns  
Brian S. Swartzentruber, Surface and Interface Science Department, Sandia National Laboratories, PO Box 5800, 
Albuquerque, NM 87185  

Deposition of Pb on Cu(111) produces two surface phases: a random Pb-Cu surface-alloy, and a Pb-overlayer 
phase. These two phases co-exist, spontaneously ordering into domain patterns with tens-of-nanometer periodicity. 
To understand the atomic-scale kinetics enabling individual domains of each phase to assemble into ordered 
patterns, we used STM and LEEM to measure thermal decay of two-dimensional Cu, Pb-overlayer, and Pb-Cu alloy 
islands on Pb-Cu(111) surface alloys. Decay rates covering 6-7 orders of magnitude are accessible by applying the 
two techniques to the same system. Cu adatom diffusion is rate-limiting for the decay of both Pb and Pb-Cu islands 
on the surface alloy. This rate decreases with increasing Pb concentration in the alloy, attributed to repulsive 
interactions between Cu adatoms and embedded-Pb atoms in the surface alloy. Temperature dependences agree 
with first-principles-calculations of Cu-binding and diffusion energies of this “site-blocking” effect. Sandia is a 
multiprogram-laboratory operated for US-DOE-NNSA under contract DE-AC04-94AL85000.  

 
COLL 64 Organic molecules on surfaces studied by STM: Dynamics, chirality and organization  
Flemming Besenbacher, Interdisciplinary Nanoscience Center, and Department of Physics and Astronomy, 
University of Aarhus, Ny Munkegade, bldg 520, 8000 Aarhus C, Denmark, Fax: 0045-86120740, fbe@inano.dk  

Adsorption and organization of organic molecules on solid surfaces is central to self-assembly and bottom-up 
fabrication within nanoscience and technology. The Scanning Tunneling Microscope allows exploration of atomic-
scale phenomena occurring at surfaces: Dynamic processes can be followed by fast-scanning STM and from data 
acquired at a range of temperatures; detailed information on kinetic parameters can be extracted. In the talk, a 
number of studies investigating dynamics and organization of organic molecules on metal surfaces under Ultrahigh 
Vacuum conditions will be described. First the fundamental process of surface diffusion will be discussed, and the 
case of metal adatoms [1] will be compared to the considerably more complicated situation arising when molecular 
adsorbates with many internal degrees of freedom migrate on surfaces. In the latter case, the molecular properties 
can be tailored to control the molecular diffusion properties [2], and the diffusion can be influenced by the molecular 
adsorption geometry, as shown by molecules that have assumed metastable adsorption sites either spontaneously 
[3] or by STM manipulation [4]. Secondly, the fascinating field of chiral adsorption will be addressed. Chirality is the 
property of molecules to have a handedness, either inherently or due to loss of symmetry elements upon adsorption. 



In the case of the amino acid cysteine on gold surfaces, STM was used to examine intermolecular chiral recognition 
[5] and also the interaction of molecules with chiral sites on a metal surface [6]. Finally, the themes of dynamics and 
chirality will be combined to describe recent results in which we have investigated chiral switching by spontaneous 
conformational changes in a molecule belonging to a family of oligo-phenylene-ethynelenes [7]. The switching 
mechanism has implications for chiral ordering on surfaces and various ordered structures formed by this family of 
molecules will be discussed.  

 
COLL 65 Defect dynamics on TiO2(110) surface  
Vincent Meunier, Ken Park, Minghu Pan, and Ward Plummer, Computational Chemical Sciences Group, Oak Ridge 
National Laboratory, P.O. Box 2008, MS 6367, Oak Ridge, TN 37831-6367, Fax: 865-574-0680, meunierv@ornl.gov  

We have used a combination of scanning tunneling microscopy measurements and large scale density functional 
theory calculations to elucidate the fundamental role and formation process of defects on TiO2 (110) surface. The 
effect of the presence of the defect on dynamics of chemical reactions on the surface is investigated. Thanks to the 
interplay between high resolution data and modeling, we have developed a new structural model for surface 
reconstructions driven by Ti interstitials on TiO2(110). Ab initio spin polarized molecular dynamics calculations show 
the dynamics of dissociation of molecular oxygen at the defects. The subsequently oxidized Ti interstitials form the 
edge/face-sharing octahedra, which serve as building blocks for (1x1) reconstruction. Thus, contrary to conventional 
wisdom, the 1x1 periodicity alone is insufficient to establish the correct surface stoichiometry. In addition, edge/face-
sharing octahedra provide a specific, structural and compositional model for the reversible phase transition between 
(1x1) and (1x2) in which oxidation/reduction is entirely achieved by transfer of the added Ti and O rows.  

 
COLL 66 Manipulation and patterning of surface hydrogen concentration on Pd(111) by electric fields  
Toshiyuki Mitsui1, Evgueni Fomin1, D. Frank Ogletree1, Anand U. Nilekar2, Manos Mavrikakis2, and Miguel 
Salmeron3. (1) Materials Sciences Division, Lawrence Berkeley National Laboratory, MS 66-200, One Cyclotron 
Road, Berkeley, CA 94720, (2) Department of Chemical & Biological Engineering, University of Wisconsin, (3) 
Materials Sciences Division, Lawrence Berkeley National Laboratory, Mailstop 66-200, Berkeley, CA 94720, Fax: 
510 486-4995  

We show how the concentration and spatial distribution of hydrogen atoms on Pd(111) can be controllably 
manipulated with nanometer resolution. Using the electric field of a Scanning Tunneling Microscope tip, we can write 
and erase concentration patterns of hydrogen, and force hydrogen atoms into subsurface sites. First-Principles DFT 
calculations explain the phenomena on the basis of field-dependent changes in the binding energy of H in both 
surface and subsurface layers. The ability to locally modify the surface concentration of adsorbates opens the 
possibility of patterning surface reactivity on a nanometer scale  

 
COLL 67 Uptake and chemical dynamics of atmospheric oxidants at aqueous and organic interfaces  
Douglas J. Tobias, Department of Chemistry and AirUCI, University of California at Irvine, Irvine, CA 92697, Fax: 
949-824-8571, dtobias@uci.edu  

A complete description of heterogeneous chemical reactions occurring at the gas-particle interface of atmospheric 
aerosols requires knowledge of the chemical composition of the interfacial region, as well as the rates of collisions of 
the reacting species and the corresponding reaction probabilities. I will present results from molecular dynamics 
simulations aimed at predicting the distribution of reactive species at the gas-particle interface of aqueous and 
organic aerosol particles, and simulations of the uptake and transport of atmospheric oxidants into the particles, from 
which the rates and lifetimes of the collisions between the oxidants and reactive species in the particles have been 
estimated.  

 
COLL 68 Ion concentrations at the alkali halide aqueous-vapor interface investigated through ambient 
pressure X-ray photoelectron spectroscopy  
Matthew A. Brown1, Maria J. Krisch1, Hendrik Bluhm2, David E. Starr2, and John C Hemminger1. (1) Department of 
Chemistry and AirUCI, University of California at Irvine, Irvine, CA 92697, (2) Chemical Sciences Division, Lawrence 
Berkeley National Laboratory  



Interactions of gases with ions at aqueous solution interfaces may play an important role in the chemistry of 
concentrated inorganic aerosols in the atmosphere. Using ambient pressure photoelectron spectroscopy (PES) we 
have previously shown that the anion/cation ratio is enhanced at the aqueous-vapor interface of aqueous saturated 
solutions of KI and KBr. In new experiments we have now been able to measure the absolute ion concentrations at 
the aqueous-vapor interface of KI and KCl solutions at concentrations well below saturation. Using photoelectron 
kinetic energy-dependent depth-profiling we have been able to measure the ion concentrations as a function of 
depth into the solution. These are the first such experiments for solution concentrations below saturation, and also 
the first experiments as a function of depth into the solution for KCl. We observe that the ions are concentrated at 
the aqueous-vapor interface compared to the bulk concentration in agreement with MD simulations.  

 
COLL 69 Surface structure of aqueous electrolyte solutions studied by second harmonic generation  
Poul B. Petersen, Department of Chemistry, Massachusetts Institute of Technology, 77 Massachusetts Ave., Room 
6-030, Cambridge, MA 02144, Fax: 510-642-8566, poul@mit.edu, and Richard J. Saykally, Department of 
Chemistry, University of California  

Our understanding of the ability of ions to penetrate the outermost liquid layer of the water-air interface is undergoing 
refinement. Whereas classical surface tension experiments and continuum models predict that the outermost liquid 
layer is essentially devoid of ions, recent theoretical and experimental investigations indicate that highly polarizable 
anions can penetrate and even be enhanced at the surface. We present experimental second harmonic generation 
observations of enhanced anion concentrations at the outermost liquid layer of aqueous electrolyte solutions. The 
surface enhancement occurs at two distinct concentration ranges due to two different adsorption mechanisms. 
Adsorption at molar concentrations is attributed to the high polarizability of the anions, as predicted theoretically, and 
surface enhancement at millimolar bulk concentrations is attributed to the enigmatic Jones-Ray effect. Furthermore, 
evidence for surface enhancement of hydronium is presented and the change in the surface structure of water 
induced by the ions is analyzed.  

 
COLL 70 Dynamic anion fractionation in jet sprays  
Jie Cheng, Chad D. Vecitis, A. J. Colussi, and Michael R. Hoffmann, Environmental Engineering Science, California 
Institute of Technology, W. M. Keck Laboratories 138-78, 1200 E. California Blvd., Pasadena, CA 91125, 
jetcheng@caltech.edu  

Aqueous electrolyte-air interfaces are deemed to be generally enriched with anions. However, the differential static 
excesses of iodide vs. chloride detected at these interfaces by a variety of techniques are vastly inferior to the iodine 
enrichment factors, f's, observed in fine marine aerosol. The implication is that the specific dynamics of droplet 
formation lie at the crux of the mechanism of enrichment. The f's measured during the atomization of liquid jets in an 
electrospray chamber were found to correlate with ionic radii rather than with ionic polarizabilities, and track the 
Hofmeister series: ClO4

->SCN-> I-> NO3
->Br-, SCN- being the exception. f's respond to the presence of ionic and 

non-ionic surfactants, solvent properties, and various instrumental parameters in a manner consistent with the 
hydrodynamics of liquid jet breakup into droplets, and with competitive occupation of interfacial area. f's consistently 
decrease in the presence of tensioactive species.  

 
COLL 71 Surface polarity of model tropospheric aerosol particles  
Ephraim Woods III and Carl N. Wivagg, Department of Chemistry, Colgate University, Hamilton, NY 13346, Fax: 
315 228-7935, EWoods@mail.colgate.edu  

Excited state absorption measurements for coumarin 314 adsorbed to model tropospheric aerosol particles is a 
means of determining Kamlet-Taft linear solvation parameters for the particle surfaces. For dried particles composed 
of NaCl, (NH4)2SO4, and NaNO3, we find that the dipolarity/polarizability parameter, π*, is very high (1.15-1.45) 
owing mainly to the ionic character of the substrate. The addition of adsorbed water to these surfaces 
simultaneously adds hydrogen bonding power to the solvent environment and produces topographic changes in the 
substrate. These competing effects lessen the overall polarity for NaCl surfaces where the lattice rearrangement 
dominates, and increases the polarity for (NH4)2SO4. For reverse micelle aerosol particles, we find that the polarity of 
the water-organic interface is intermediate between that of water and the organic phase and dependent on the 
identity of the ions dissolved in the aqueous core.  



 
COLL 72 Structure and reactivity at air-aqueous/organic interfaces  
Heather C. Allen, Department of Chemistry, The Ohio State University, 100 West 18th Avenue, Columbus, OH 
43210, Fax: 614-292-1685, allen@chemistry.ohio-state.edu  

Interfaces are ubiquitous in our environment and yet are poorly understood. Molecules within regions of transition 
from two bulk phases organize into distinctive structures. Liquid surfaces are fascinating in that the ordering arises 
from the interplay of intermolecular forces combined with the unique environment between the air and the liquid. 
Liquid layers on oxide surfaces are also of great interest for atmospheric aerosol and geochemical applications. A 
combination of experimental tools is utilized inclusive of vibrational sum frequency, infrared, and Raman 
spectroscopies. Structure and reactivity of several chemical systems including the air-aqueous, the air-organic, and 
the silica-water/organic interface are presented.  

 
COLL 73 Influence of dissolved ions on interfacial reactions in salty glycerol  
Jennifer L. DeZwaan1, Annabel H. Muenter2, and Gil Nathanson1. (1) University of Wisconsin-Madison, 1101 
University Ave., Madison, WI 53706, (2) N/A  

Molecular beam scattering experiments are used to investigate the effects of ion size and charge on interfacial 
reactions between gaseous DCl and liquid glycerol. Previous experiments using pure glycerol show that a fraction of 
the DCl molecules undergo rapid D→ H exchange in the interfacial region followed by immediate HCl evaporation 
before incorporation into the bulk. In a 2.6 M NaI glycerol solution, the dissolved ions are observed to enhance 
interfacial D→H exchange and suppress bulk DCl solvation. By using different salt solutions of NaBr, KI, LiI and 
CaI2, we find that the enhancement of interfacial D->H exchange is influenced more by the identity of the cation than 
the identity of the anion, although recent literature shows the anion to be closer to the surface than the cation. This 
talk will explore the roles of ion size, charge, and concentration in controlling interfacial interactions between DCl and 
the alcohol.  

 
COLL 74 Production of molecular chlorine from aqueous sodium nitrate/sodium chloride mixtures in the 
atmosphere: Molecular dynamics simulations and experimental studies  
Jennie L. Thomas1, Amy C. Moskun1, Lisa M. Wingen1, Martina Roeselová2, Barbara J. Finlayson-Pitts1, and 
Douglas J. Tobias1. (1) Department of Chemistry, University of California, Irvine, 1120 Natural Sciences 2, Irvine, CA 
92697-2025, jenniet@uci.edu, (2) Institute of Organic Chemistry and Biochemistry and Center for Biomolecules and 
Complex Molecular Systems, Academy of Sciences of the Czech Republic  

Molecular dynamics (MD) simulations are an important tool for probing species that reside at the surface of sea salt 
aerosols in the atmosphere.  As fresh sea salt aerosols age, they react with a variety of oxides of nitrogen in the 
atmosphere and their chemical composition changes from primarily aqueous NaCl aerosols to mixtures of NaCl and 
NaNO3.  Classical MD simulations using polarizable force fields are used to address the question, does nitrate 
reside at surface or in the bulk of aqueous sea salt aerosols?  These results are used in conjunction with 
experimental studies on the reaction of gas phase OH with mixed NaCl/NaNO3 aerosols.  Implications for the 
production of Cl2 from aged sea salt aerosols in the polluted marine boundary layer will be discussed.    

 
COLL 75 Cooperative hydration of pyruvic acid in ice  
Marcelo I. Guzman1, Lea Hildebrandt1, Agustin J. Colussi1, and Michael R. Hoffmann2. (1) Environmental Science 
and Engineering, California Institute of Technology, 1200 E. California Blvd., MC 138-78, Pasadena, CA 91125, 
mig@caltech.edu, (2) Environmental Engineering Science, California Institute of Technology  

About 3.5 water molecules are involved in the exothermic hydration of 2-oxopropanoic acid (pyruvic acid, PA) into 
2,2-dihydroxypropanoic acid (PAH) in ice at 230 K. This is borne out by thermodynamics and the fact that QH(T) = 
[PAH]/[PA] becomes temperature independent below ~ 250 K (in chemically equilibrated frozen 0.1 ≤ [PA]/M ≤ 4.6 
solutions in D2O), which actually require that the enthalpy of hydration (ΔHH ~ -22 kJ mol-1) be balanced by a multiple 
of the enthalpy of ice melting (ΔHM = 6.3 kJ mol-1). Considering that: (1) thermograms of frozen PA solutions display 
a single endotherm, at the onset of ice melting, (2) the sum of the integral intensities of the 1δPAH and 1δPA methyl 
proton NMR resonances remains constant and, (3) bandwidths display an inverse temperature dependence before 



diverging below ~230 K, we infer that PA is cooperatively hydrated in increasingly viscous aqueous microfluids, 
down to vitrification.  

 
COLL 76 Adsorption and uptake of acetone on ice studied with ambient pressure photoemission 
spectroscopy  
David E. Starr1, Markus Ammann2, and Hendrik Bluhm1. (1) Chemical Sciences Division, Lawrence Berkeley 
National Laboratory, Berkeley, CA 94720, destarr@lbl.gov, (2) Paul Scherrer Institute  

The interaction between small molecules and ice particles has broad implications in atmospheric chemistry. While 
many experimental techniques, such as flow tube and Knudsen cell measurements and laser based spectroscopic 
techniques, have provided a great deal of insight into the kinetics and mechanisms associated with these reactions, 
most of these techniques lack the ability to chemically identify the species directly adsorbed on the ice surface. On 
the other hand, surface science techniques are particularly well-suited for exactly this purpose but generally require 
Ultra-High Vacuum to be utilized, precluding their use under atmospherically relevant conditions where the vapor 
pressure of ice is in the mTorr to Torr range. With the development of synchrotron-based Ambient Pressure 
Photoemission Spectroscopy (APPES) the chemical identification of adsorbed molecules on the ice surface at 
atmospherically relevant conditions becomes possible. As an initial step in these studies we have investigated the 
adsorption and uptake of acetone on the ice surface. The sequestering of acetone by ice particles in the atmosphere 
and polar snowpack may play an important role in atmospheric chemistry due to acetone's role as a radical source in 
the upper troposphere and radical chemistry in polar snowpack. In addition, the acetone/ice system is believed to be 
a fairly simple, reversible adsorption system. Uptake measurements using the integrated C1s peak area as a 
function of acetone partial pressure indicate an adsorption energy of approximately 45 kJ/mol. In addition, high 
resolution C1s spectra as well as O K-edge Near Edge X-ray Absorption Fine Structure (NEXAFS) both show little to 
no modification of the acetone molecule or the ice surface upon adsorption. The combined results indicate a weak 
interaction between the acetone molecule and ice surface under ambient conditions.  

 
COLL 77 Directly measuring the adhesive and elastic properties of bacteria using a Surface Force 
Apparatus  
Joan E. Curry1, Cheol Ho Heo2, and Raina M. Maier2. (1) Department of Soil, Water, and Environmental Science 
and BIO5 Institute, University of Arizona, Rm 429 Shantz Building, Tucson, AZ 85721, Fax: 520-621-1647, 
curry@ag.arizona.edu, (2) Department of Soil, Water, and Environmental Science, University of Arizona  

The mechanical properties of bacteria influence biofilm formation and degradation. A Surface Force Apparatus has 
been used to measure the adhesiveness and elasticity of bacteria as a function of time under desiccating conditions. 
The force measurements are conducted on incomplete, patterned, monolayer bacterial films. The diameter of the 
contact zone is ~ 0.1 mm. A protocol has been developed to image the contact zone with AFM after the experiment. 
The force profiles serve as a signature of the bacterial surface distribution and roughness. Differences in these 
profiles with time can be used to identify changes due to physical modification of the surface and water loss. At least 
some of the film bacteria remain viable for two weeks in ambient humidity. The bacteria become more adhesive with 
repeated contacts and also with time as they die and lyse.  

 
COLL 78 TEM and AFM studies of the outer membrane of mycobacterium tuberculosis  
Stefan H. Bossmann1, Matthew Basel1, Katharine E. Janik1, and Michael Niederweis2. (1) Department of Chemistry, 
Kansas State University, 111 Willard Hall, Manhattan, KS 66506-3701, Fax: 785-532-6666, sbossman@ksu.edu, 
katrinb@ksu.edu, (2) Department of Microbiology, University of Alabama at Birmingham  

The mycobacterial cell envelope forms an exceptionally strong barrier rendering mycobacteria naturally impermeable 
to a wide variety of antimicrobial agents. An integral part of their Outer Membrane (OM) is the ‘cell wall skeleton', a 
giant macromolecule consisting of peptidoglycan (a structure of oligosaccharides formed from disaccharide units of 
N-acetylglucosamine and N-glycolylmuramic acid cross-linked by short peptides), arabinogalactan (a complex 
branched polysaccharide) and mycolic acids (long-chain, 2-alkyl-3-hydroxy fatty acids). Physisorbed at the cell-wall 
skeleton are a large variety of other lipids. The Outer Membrane of Mycobacterium tuberculosis has been studied 
employing AFM and TEM. Our studies indicate the presence of a very smooth surface. However, another porin 
(MspA from Mycobacterium smegmatis) is able to reconstitute within the OM of Mycobacterium tuberculosis. This 



finding is of a special importance for future medical applications, because new pathways through the OM suggest a 
new way to successfully treat mycobacterial infections.  

 
COLL 79 Poisson analysis to describe specific and non-specific interaction forces for E. coli  
Nehal I. Abu-Lail, Center for Biologically Inspired Materials and Material Systems, Duke University, 144 Hudson 
Hall, P.O Box 90271, Durham, NC 27708, Fax: 919-660-5409, nehal@duke.edu, and Terri A. Camesano, 
Department of Chemical Engineering, Worcester Polytechnic Institute  

The nature of the physical interactions between Escherichia coli JM109 and a model surface (silicon nitride) was 
investigated in water via atomic force microscopy (AFM). AFM force measurements on bacteria can represent the 
combined effects of van der Waals and electrostatic forces, hydrogen bonding, steric interactions, and perhaps 
ligand-receptor type bonds. It can be difficult to decouple these forces into their individual components since both 
specific (chemical or short-range forces such as hydrogen bonding) and non-specific (long-range colloidal) forces 
may be present in the overall profiles. An analysis is presented based on the application of Poisson statistics to AFM 
adhesion data, to decouple the specific and non-specific interactions. The Poisson statistical analysis of adhesion 
forces may be very useful in applications of bacterial adhesion, because it represents an easy way to determine the 
magnitude of hydrogen bonding in a given system, and it allows the fundamental forces to be easily broken into their 
components.  

 
COLL 80 Caulobacter holdfast: A wet super glue  
Jay X. Tang1, Peter H. Tsang1, Guanglai Li1, L. Ben Freund2, and Yves B. Brun3. (1) Department of Physics, Brown 
University, 184 Hope Street, Box 1843, Brown University, Providence, RI 02912, Fax: 401-863-2024, 
jay_tang@brown.edu, (2) Division of Engineering, Brown University, (3) Department of Biology, Indiana university  

The adhesion of bacteria to surfaces plays critical roles in the environment, disease, and industry. In aquatic 
environments, Caulobacter crescentus is one of the first colonizers of submerged surfaces. Using a 
micromanipulation technique, we measured the adhesion force of single Caulobacter crescentus cells attached to 
borosilicate substrates through their adhesive holdfast. The detachment forces measured for 14 cells ranged over 
0.11 to 2.26 µN, averaging 0.59 µN. Based on the calculation of stress distribution using the finite element analysis 
method, the adhesion strength between the holdfast and the substrate is larger than 68 N/mm2 in the central region 
of contact. This strength of adhesion is stronger than that of the commercial superglues. Future work will explore 
whether such wet super glue secreted by Caulobacter crescentus could be produced in quantities useful for 
biomedical applications.  

 
COLL 81 Surface morphological study of various species and strains of Bacillus spores  
Rong Wang, SN. Krishnamurthy, and Jaesun Jeong, Department of Biological, Chemical and Physical Sciences, 
Illinois Institute of Technology, Life Sciences Building, R 164, 3101 Dearborn St., Chicago, IL 60616, Fax: 312-567-
3494, wangr@iit.edu  

We examined spore surface morphology from microscopic level to nanoscopic level by using an atomic force 
microscope. Four species of Bacilli, B. anthracis, B. cereus, B. pumillis and B. subtilis, were examined. We observed 
both coat ridge and periodic fine rodlet structures on any given spore. The coat ridge pattern differs in each species. 
When studying the fine rodlet structures, we found that the rodlet width of B. anthracis spores is much less than that 
of any other species. To unveil the common and distinct features among various strains of a single species, we also 
examined three strains of B. subtilis spores. The unique ridge and rodlet structures can function as fingerprint to 
permit species-specific and strain-specific identification of Bacilli spores. Comparison of surface morphology of dry 
and wet spores allows us to further discuss the role of ridges and fine rodlet structures in spore dormancy or 
germination.  

 
COLL 82 Microbial reduction of hematite: Effects of particle size and exopolysaccharides  
Juyoung Ha1, Carmen D. Cordova2, Tae Hyun Yoon3, Alfred M. Spormann2, and Gordon E. Brown Jr.4. (1) 
Department of Geological & Environmental Sciences, Stanford University, 367 Panama Street, Stanford, CA 94305, 
Fax: 650-725-2199, jyha@stanford.edu, (2) Department of Civil and Environmental Engineering, Stanford University, 



(3) Department of Chemistry, Hanyang University, (4) Department of Geological and Environmental Sciences, 
Stanford Synchrotron Radiation Laboratory  

In this study we have investigated the effect of hematite particle size on the growth rate and extent of dissimilatory 
iron reduction by Shewanella oneidensis strain MR-1. A mutant strain (Δ4179)of S. oneidensis, which is deficient in 
exopolysaccharide (EPS) production, was also used. Under anaerobic conditions at pH = 7.4, three types of electron 
acceptors were utilized, all at 10mM: (1)hematite nanoparticles(avg. diameter = 10nm, surface area(SA)=230 
m2/g),(2)hematite macroparticles(avg. diameter=800nm, SA=19 m2/g), and (3)soluble ferric citrate. Increases in cell 
density caused by the different electron acceptors were observed, with nanoparticles the lowest, macroparticles the 
intermediate, and soluble ferric citrate the highest cell growth for both ummodified wild type and Δ4179. Regardless 
of the electron acceptor types, Δ4179 strain showed greater cell productivity than wild type. A comparison of iron 
reduction by both wild type and Δ4179 strain showed the same trend as the cell growth data. Scanning Transmission 
X-ray Microscopy (STXM) showed ferrous iron associated with the cell membrane of wild type grown with 
nanoparticles. SEM and TEM images of samples collected after 36 hour of incubation showed a strong association 
between the particles and cells for both the wild and Δ4179 strains. The results of this study suggest that differences 
in hematite particle size influence cell activity and iron reduction rate. We infer when nanoparticles adhere to cells, 
active sites on cell membrane may have become saturated by particles and hence cell growth and iron reduction 
were retarded. It is also possible that ferrous iron precipitation on the cell membranes causes an inhibitory effect 
similar to that of the nanoparticles. The potential role of EPS in the nucleation of ferrous iron precipitates and of 
suspended hematite particles in the vicinity of the cells, resulting in occlusion of active sites on cell membranes, is 
also considered.  

 
COLL 83 Use of colloid filtration theory for mechanistic studies of bacterial transport and adhesion in 
porous media  
Kirk E. Nelson, Department of Civil and Environmental Engineering, University of California at Davis, Davis, CA 
95616, Fax: 916-978-5066, knelson@ucdavis.edu  

Bacterial transport and adhesion in porous media is relevant to the maintenance of clean groundwater supplies in 
terms of both pathogen control and in situ bioremediation. This talk presents an approach based on the colloid 
filtration theory (CFT) for modeling the fundamental mechanics of the transport and adhesion processes. CFT 
presumes that macroscale transport behavior can be deduced from an analysis of cell transport in the pore space 
surrounding a single porous media grain. The work presented here differs from classical CFT by describing particle 
transport in a fully Lagrangian manner and by using a different upscaling approach (based on the Happel instead of 
the isolated sphere model) to translate the pore-scale analysis to laboratory column scale observations. The 
Lagrangian mechanics include chemotaxis and the interactions of cell polymers with the solid surface. The upscaling 
approach provides a more accurate description of the transport (to solid surface) and adhesion steps.  

 
COLL 84 Bacterial transport as related to surface properties  
Gang Chen, Civil and Environmental Engineering, Florida State University, 2525 Pottsdamer Street, Tallahassee, 
FL 32310, Fax: 850-410-6142, gchen@eng.fsu.edu  

Bacterial transport in the subsurface has received considerable attention either because of possible contamination of 
drinking water supplies, or their roles in in-situ bioremediation. Bacterial transport is governed by their adherence 
propensity to soil matrices, which is determined by their surface physicochemical properties and influenced by 
transport conditions such as solution chemistry, i.e., pH and ionic strength. Bacterial strains with different cell surface 
properties show different adhesion kinetics and affinity for soil matrices. It has been proven that the initial adhesion 
of bacteria to soil matrices plays an important role in bacterial transport, which can be explained in terms of bacterial 
surface physicochemical properties. In this research, we investigated bacterial transport in porous media by means 
of column experiments using typical rod-shaped bacterial strains. Bacterial breakthrough curves were generated and 
bacterial transport in porous media was described by the equilibrium-kinetic two-region model with the assumption 
that bacterial deposition occurred in the kinetic adsorption region only. All the rod-shaped bacterial strains displayed 
a narrow self-sharpening front, which became broader and diffuser at the elution limb. Changes of breakthrough 
curves with increasing ionic strength manifested increase in dispersion and kinetic adsorption. Quantified bacterial 
deposition from bacterial column breakthrough curves was related to interactions between bacterial cells and 
medium surfaces. We found that electrostatic interactions played a more important role than Lifshitz-van der Waals 



interactions in determining bacterial deposition in porous media and were actually the barrier for bacteria to attach to 
porous media.  

 
COLL 85 A novel technique to coat bacteria onto an AFM tip  
Yatao Liu1, Amparo M. Gallardo-Moreno2, and Terri A. Camesano1. (1) Department of Chemical Engineering, 
Worcester Polytechnic Institute, 100 Institute road, Worcester, MA 01609, (2) Department of Physics, University of 
Extremadura,Badajoz,Spain  

Atomic Force Microscopy (AFM) can be used to quantify the interaction forces between bacteria and the surface of 
interest. Coating bacteria onto the AFM tip to form a probe is the crucial step. A novel coating technique by using the 
AFM itself has been developed. Using the feed back loop, the chemically modified AFM tip can glue the bacteria via 
direct contact after certain time. The RMS values were adjusted to change the setpoint to affect the contact 
sensitivity. The successful coating can be verified by the characteristic force spectra, the resonance frequency shift, 
and imaging with a scanning electron microscope. To broaden this technique, different cantilevers, including a 
rectangular silicon cantilever and a gold coated triangular cantilever were studied. Different bacteria including gram-
negative Escherichia coli and gram-positive Staphylococcus epidermidis, were prepared. This technique facilitates 
the application of AFM in more fields such as for adhesion force measurements, microanalysis, and bio-sensor 
development.  

 
COLL 86 Redistributing intracellular stress with biofunctionalized PDMS pillars to investigate the force 
induced growth of focal adhesions  
Patrick Heil, Dept. Biophysical Chemistry, University of Heidelberg, INF 253, 69120 Heidelberg, Germany, 
patrick.heil@urz.uni-heidelberg.de, Achim Besser, Department of Biophysical Chemistry, University of Heidelberg & 
Max-Planck-Institute for Metals Research, and Joachim P. Spatz, New Materials and Bio Systems, Max-Planck-
Institute for Metals Research & University of Heidelberg  

Focal Adhesions (FAs) are important adhesion sites between eukaryotic cells and the extracellular matrix. The 
development of FAs is substrate dependent: they grow more favorably on stiffer substrates than on soft ones. To 
quantitatively study this mechanosensitivity, we use microfabricated arrays of elastic polymer pillars coated with 
fibronectin to apply a lateral force to the FAs (see Fig.1a). The pillars can are used as force sensors to monitor the 
applied lateral force in real time. The cells, fibroblasts transfected to express YFP-labeled Paxilin, are maintained in 
favorable conditions, allowing live imaging of FAs over extended periods of time. Thus, the resultant growth rate of 
FAs versus applied force can be systematically measured. We also present a theoretical model to explain force 
dependent growth of FAs. This model is based on the interplay between an elastic equation for the plaque of FA 
proteins and the dynamics of protein adsorption [1].  

[1] Achim Besser and Samuel A. Safran (2006) Biophys. J. 90, 3469-3484  

 
COLL 87 Understanding chemoselective heterogeneous catalysis  
May E Chiu, David J Watson, Georgios Kyriakou, Federico J Williams, Mintcho S Tikhov, and Richard M Lambert, 
Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom, Fax: 44-
1223-336362  

The heterogeneous chemoselective hydrogenation of α,β-unsaturated aldehydes is experimentally challenging since 
the production of the target unsaturated alcohol is thermodynamically disfavoured.  Achieving success depends on 
the manipulation of kinetic effects by means of a suitable catalyst.  However, there is little fundamental 
understanding of the surface phenomena governing catalyst selectivity and activity.  We have studied a prototypical 
case - crotonaldehyde hydrogenation on Cu(111) modified with sulphur adatoms.  We successfully demonstrate this 
delicate chemoselective reaction in UHV (TPR) and find that sulphur, normally a catalyst poison, hugely enhances 
formation of the desired crotyl alcohol.  We also show (TPD, XPS, NEXAFS) that this behaviour is due to sulphur-
induced changes in adsorbate conformation and electronic structure.  Further, we follow the C=O bond 
hydrogenation in situ by NEXAFS– this exploitation of NEXAFS as a reaction probe is, we believe, unprecedented.  
Our results provide significant new mechanistic insight and point the way to rational catalyst design.  



 

 
COLL 88 Benzene hydrogenation on platinum investigated with sum frequency generation vibrational 
spectroscopy and kinetics: Structure, pressure, and temperature effects  
Kaitlin M. Bratlie1, Christopher J. Kliewer2, Lucio D. Flores2, and Gabor A. Somorjai2. (1) Department of Chemistry, 
University of California, Berkeley, Berkeley, CA 94720, kmbratlie@lbl.gov, (2) Department of Chemistry, University 
of California, Berkeley and Materials Science Division, Lawrence Berkeley National Laboratory  

Hydrogenation of benzene on the Pt(111) and Pt(100) crystal surfaces was studied using sum frequency generation 
(SFG) vibrational spectroscopy and kinetic measurements over a range of pressures (7.5-15 Torr of benzene and 
10-150 Torr of H2) and temperatures (300-440 K). SFG is a surface specific technique that directly probes the 
surface adsorbates without signal contribution from background gases. The vibrational spectra revealed both 
chemisorbed and physisorbed benzene co-adsorbed under high pressures at room temperature on both surfaces. π-
Allyl c-C6H9 is also present on the Pt(100) surface. Heating the surface desorbs the physisorbed benzene, leaving 
only chemisorbed benzene on the Pt(111) surface while chemisorbed benzene and π-allyl c-C6H9 are co-adsorbed 
on Pt(100). Kinetic studies have assigned the addition of the 1st hydrogen as the rate limiting step in cyclohexane 
formation at lower temperatures while SFG has identified π-allyl c-C6H9 hydrogenation is the rate determining step at 
higher temperatures.  

 
COLL 89 Keto-enol clustering and stereodynamics on Pt(111)  
S. Lavoie, Gautier Mahieu, and Peter H. McBreen, Département de Chimie, Université Laval, Québec, QC G1K 
7P4, Canada, Fax: 4186567916, slavoie76@hotmail.com  

STM measurements were used follow the clustering of ketoesters on Pt(111). Assembly into clusters results from 
enol formation triggered by a CH bond breaking interaction with the surface. Measurements in the presence of 
hydrogen show the inhibition of cluster formation. Clustering can also be inhibited by working below the temperature 
required for CH bond scission. We will show that control of the keto-enol isomerization is important both for H-
bonding assembly on surfaces, in general, and for the stereoselective hydrogenation of ketoesters on platinum 
surfaces. The latter process involves the formation of a modifier-substrate prochiral adsorbed complex. The STM 
measurements reveal the key intermolecular forces that drive the stereoselective chemistry.  

 
COLL 90 Olefin-metathesis on surfaces  
M Siaj, Univerite Laval, Quebec, QC G1K7P4, Canada, Fax: 4186567916, mohamed.siaj@chm.ulaval.ca, and P. H. 
McBreen, Département de Chimie, Université Laval  

We report the spectroscopic observation of cross-metathesis between olefins, propene, ethene, 1 butene and 1,3-
butene, and cyclopentylidene initiating sites on a planar beta-Mo2C surface. Propagator species, surface 
methylidene, ethylidene, propylidene and 1,3-propylidiene were detected using reflectance absorbance infrared 
spectroscopy. Corresponding gas-phase metathesis products, for ethene and propene, were monitored using 
thermal desorption mass spectrometry. Catalytic turnover was observed for the interaction of propene with the 
cyclopentylidene fuctionalized carbide surface. Surface cyclopentylidene was also found to initiate ring-opening 
metathesis polymerization (ROMP) of norbornene.These observations show that the alkylidene functionalized metal 



carbide meets several of the conditions required to describe it as a well-defined metathesis catalyst. They also 
illustrate that olefin-metathesis provides a viable method to vary and grow polymers from a conducting solid.  

 
COLL 91 Surface science study of enantioselective hydrogenation on Pt(111)  
S. Lavoie and P. H. McBreen, Département de Chimie, Université Laval, Québec, QC G1K 7P4, Canada, Fax: 
4186567916, slavoie76@hotmail.com, peter.mcbreen@chm.ulaval.ca  

The asymmetric hydrogenation of activated ketones on cinchona-modified platinum particles is a prototype reaction 
in heterogeneous chiral catalysis. The catalysis literature shows that the reaction is highly metal-specific, that it 
displays rate-enhancement with respect to the racemic reaction on the non-modified surface, and that the observed 
stereoselectivity is a sensitive function of substrate and modifier structure. We show that by using a surface science 
approach, based on RAIRS, STM and TPD measurements on a Pt(111) single crystal, it is possible to separate out 
the key intermolecular interactions in the prochiral substrate-modifier complex. The surface science data leads 
directly to a new mechanistic model enantioselection. The generality of the proposed two-point H-bonding model is 
demonstrated by addressing data from the literature for a representative range of substrates, modifiers, solvents and 
metals.  

 
COLL 92 Temperature dependent adsorption enthalpies of cyclohexene on Pt(111)  
Ole Lytken, Ebbe Kruse Vestergaard, Jonathan J. W. Harris, Wanda Lew, Jason Farmer, and Charles T. Campbell, 
Department of Chemistry, University of Washington, Box 351700, Seattle, WA 98195-1700, 
lytken@u.washington.edu  

The hydrogenation and dehydrogenation of cyclic hydrocarbons on Pt catalysts are important petrochemical 
reactions. We have used low temperature microcalorimetry measurements to determine the enthalpy of adsorption 
and sticking probability of cyclohexene on Pt(111), from 100-300 K. Cyclohexene adsorbs intact at surface 
temperatures below 180 K, but decomposes at higher temperatures via several intermediates, including benzene 
and hydrogen starting at ~300 K. Temperature Programmed Desorption (TPD) may be used to measure adsorption 
enthalpies indirectly, but only for reversibly adsorbed species, and so is not suitable for measuring adsorption 
enthalpies for molecules such as cyclohexene. Here we report the first direct measurement of the enthalpy of 
adsorption for a hydrocarbon at cryogenic temperatures. Low temperature microcalorimetry makes it possible to 
measure the heats of formation of the different adsorption products produced on the surface at different 
temperatures.  

 
COLL 93 Catalytic activity and surface characterization study of Pd supported on nanocrystalline and 
polycrystalline CeO2  
Gar B. Hoflund, Department of Chemical Engineering, University of Florida, Gainesvville, FL 32611, 
hoflund@eng.ufl.edu, Ghaleb N. Salaita, The Dow Chemical Company, and David M Minahan, ConocoPhillips  

The catalytic activity of polycrystalline and nanocrystalline CeO2-supported Pd (Pd/pCeO2 and Pd/nCeO2) has been 
determined as a function of temperature and Pd loading. While the untreated nCeO2 support gives 50% methane 
conversion at 420°C, the untreated pCeO2 support exhibits little activity under the conditions examined due to its low 
surface area. A Pd loading of 5 wt% increases the activity of pCeO2 to 50% conversion at 260°C, while a 40 wt% Pd 
loading on nCeO2 exhibits a relatively smaller activity increase, yielding 50% conversion at 240°C. On a mass basis 
the 40 wt% Pd/nCeO2 catalyst is the most active tested in this study, but it is less active than the 5 wt% Pd/pCeO2 
catalyst on a surface-area basis. Furthermore, the activity of the 40 wt% Pd/nCeO2 catalyst does not decrease 
during 100 hrs of exposure to CH4 and O2 at 250°C.  

 
COLL 94 Sum frequency generation study at solid/liquid interfaces  
Kohei Uosaki, Physical Chemistry Laboratory, Division of Chemistry, Graduate School of Science, Hokkaido 
University, Sapporo 060-0810, Japan, Fax: 81-11-706-3440, uosaki@pcl.sci.hokudai.ac.jp  



To understand the mechanism of chemical reactions at solid/liquid interfaces, it is essential to determine the 
structure of molecules at the interfaces including water and short-lived intermediates. One needs to use surface 
specific techniques for this purpose as there are much larger numbers of molecules in solution. Sum frequency 
generation (SFG) spectroscopy is an interface-selective probe and has been applied to many systems, including 
solid/liquid interfaces. Furthermore, time-resolved vibrational spectroscopy based on SFG is possible because short 
pulse laser is used. Thus, time-resolved SFG spectroscopy (TR-SFG) is the ideal tool to investigate the mechanism 
of chemical reactions at solid/liquid interfaces. In this talk, SFG studies on molecular structures of water and 
adsorbates transient at various solid/liquid interfaces and TR-SFG measurements at electrochemical interface, 
including the behavior of adsorbed CO on a Pt electrode surface initiated by picosecond laser pulse excitation are 
described.  

(1) S. Ye et al., Surf. Sci. 476, 121 (2001). (2) S. Ye et al., PCCP, 3, No. 16, 3463-3469 (2001). (3) S. Nihonyanagi 
et al., J. Am. Chem. Soc. 126, 7034 (2004). (4) H. Noguchi et al., Chem. Lett. 34, 950 (2005).  

 
COLL 95 Nonlinear optical ellipsometry  
Garth J. Simpson, Department of Chemistry, Purdue University, West Lafayette, IN 47907-1393, 
gsimpson@purdue.edu  

Mining the rich information content of the polarization dependence in nonlinear optical measurements can be 
facilitated by combining detailed polarization analysis with theoretical models for relating macroscopic effects to 
microscopic structure. Generalized nonlinear optical ellipsometry been developed to simplify and improve 
polarization analysis of surfaces and materials. As a complement to these experimental studies, new theoretical 
approaches have been developed to simplify the relationships between the detected signals and the 
molecular/macromolecular structures at the interfaces. Applications of these combined experimental and theoretical 
techniques for determination of surface structure and orientation will be discussed.  

 
COLL 96 Theoretical descriptions of the nonlinear spectroscopy of aqueous systems: Identification of novel 
species at interfaces  
Brian Space1, Christine Neipert2, Angela Perry3, and Tony Green1. (1) Department of Chemistry, University of South 
Florida, 4202 E. Fowler Ave. CHE205, Tampa, FL 33620-5250, Fax: 813.974.3203, space@cas.usf.edu, (2) 
Chemistry Department, University of South Florida, (3) Department of Chemistry and Physics, University of Tampa  

The primary goal of spectroscopy is to obtain molecularly detailed information about the system under study. For 
example, traditional spectroscopy is used to infer molecular bond lengths and angles from gas phase spectra. It is 
highly desirable to obtain similarly detailed information from interfacial vibrational spectroscopy, especially given the 
environmental, technological and fundamental importance of these systems. Sum frequency vibrational 
spectroscopy (SFVS) is a nonlinear optical technique that is highly interface specific, and is therefore a powerful tool 
for understanding interfacial structure and dynamics. But in order to disentangle the information implicit in an SFVS 
signal, an observed complex spectroscopic lineshape must be tied to the underlying dynamics. Detailed comparison 
of theoretical spectra with those obtained experimentally will be presented for aqueous interfacial systems. The 
discovery of novel low frequency interfacial species will also be highlighted.  

 
COLL 97 Doubly resonant SFG spectroscopy of organic films with widely wavelength-tunable visible probe  
Taka-aki Ishibashi, Department of Chemistry, Graduate School of Science, Hiroshima University, Kagamiyama, 
Higashi-Hiroshima, Hiroshima, Japan, Fax: 81-78-424-0727, taib@hiroshima-u.ac.jp  

A vibrational resonant sum-frequency generation (SFG) signal increases in intensity when the signal photon energy 
coincides with a one-photon allowed transition energy of the sample. SFG in such a condition is called doubly 
resonant SFG, since the optical process is resonant with the vibrational state and the electronic state 
simultaneously. To make full use of the doubly resonant effect, it is desirable that we can choose the visible probe 
wavelength as freely as possible. To this end, we have constructed a multiplex IR-VIS SFG spectrometer which has 
a wide tunable range of the visible probe wavelength. A prism monochromator is used as a tunable sharp-cut 
bandpass device to reduce stray light due to the scattering of the VIS probe so that any wavelength within the 



tunable range can be chosen as the visible probe wavelength. We will present the details and performance of the 
spectrometer.  

 
COLL 98 Electrochemically induced molecular reorientation  
Zachary D. Schultz, Xiao Li, and Andrew A. Gewirth, Department of Chemistry, University of Illinois at Urbana-
Champaign, 600 S. Mathews Avenue, Urbana, IL 61801, Fax: 217-333-2685, agewirth@uiuc.edu  

We use in situ infrared visible sum frequency generation spectroscopy (SFG) and surface enhanced Raman 
spectroscopy (SERS) to examine the structure and reorientation reactivity of small molecules on electrode surfaces. 
One particular focus is the changes undergone by the small molecule SCN- on Au. We show that this molecule is N-
bound to the Au surface at negative potentials, S-bound at intermediate potentials, and bridging at positive 
potentials. Interestingly, while the Stark shift of the C-N stretch is normal (positive) for the S-bound form, it is 
negative for the bridge bound SCN. We utilize detailed calculations to explain this behavior. Another focus is the 
potential dependent reorientation of the zwitterions PABA. We show using SFG spectroscopy that this molecule 
completely reorients as the potential passes through the potential of zero charge.  

 
COLL 99 Surface-enhanced hyper-Raman spectroscopy at sub-mW laser powers  
Anne Myers Kelley and Weinan Leng, School of Natural Sciences, University of California, Merced, PO Box 2039, 
Merced, CA 95344, Fax: 209-724-4356, amkelley@ucmerced.edu  

Surface-enhanced Raman scattering (SERS) is being actively developed as a vibrationally specific probe for 
chemical and bioanalytical sensing and imaging applications. The enhancement of the scattering by coupling to the 
surface plasmon resonances of roughened metal surfaces or metal nanoparticles greatly improves the sensitivity of 
the normally weak Raman process. The two-photon analog, hyper-Raman scattering, is intrinsically much weaker. 
However, the use of far-red or near-IR excitation coupled with blue-green detection in surface-enhanced hyper-
Raman (SEHRS) has potential advantages of greater depth of penetration into absorbing and/or scattering media, 
better depth resolution, improved chemical selectivity, and reduced photochemical damage compared with SERS. 
We have shown that several types of nanostructured silver substrates allow the measurement of hyper-Raman 
spectra of a number of pi-conjugated molecules at laser powers below 0.1 mW (less than 1 pJ per pulse). 
Possibilities for further increases in sensitivity will be discussed.  

 
COLL 100 Understanding peptide adsorption and aggregation at solid/liquid interfaces using sum frequency 
generation vibrational spectroscopy and molecular dynamics simulation  
Andrew P. Boughton, Zhan Chen, and Ioan Andricioaei, Department of Chemistry, University of Michigan, 930 
North University Avenue, Ann Arbor, MI 48109  

The behavior of adsorbed proteins and peptides at interfaces is important in problems such as biocompatibility, 
marine biofouling control, biosensing, and the function of antimicrobial peptides. Sum frequency generation (SFG) 
vibrational spectroscopy has been employed to study the adsorption of model peptides such as magainin, melittin, 
and tachyplesin I onto polymer surfaces at the polymer/water interface. Structural information of interfacial peptides 
has been deduced using SFG polarization analysis. We also used molecular dynamics (MD) simulations to study the 
above peptides at the polymer/water interface. The effects of factors such as peptide aggregation, interfacial electric 
field, wetting/dewetting, and polymer surface hydrophobicity and roughness on the preferred orientation and 
conformation of model alpha helix and beta sheet peptides at interfaces have been examined. Our research 
demonstrated that combined SFG experimental studies and MD simulations can provide detailed understanding 
about molecular interactions between peptides and polymer surfaces.  

 
COLL 101 Exploring surface-enhanced Raman scattering using gold bowtie nanoantennae  
Frank Jäckel1, Anika Kinkhabwala2, Arvind Sundaramurthy3, P. James Schuck1, David P. Fromm1, Gordon S. Kino3, 
and W. E. Moerner1. (1) Department of Chemistry, Stanford University, 369 North-South Mall, Stanford, CA 94305, 
Fax: 650-725-0259, fjaeckel@stanford.edu, (2) Department of Applied Physics, Stanford University, (3) Department 
of Electrical Engineering, Stanford University  



Bowtie nanoantennae consisting of two opposing equilateral gold triangles with dimensions of 70 to 80 nm and a 
controllable gap ranging from 16 to several 100 nm can be fabricated using electron beam lithography. When 
optically pumped at the plasmon resonance these metallic nanostructures exhibit field enhancements larger than 
1000 for the smallest gap sizes with the fields located over the tips of both triangles. These strongly enhanced and 
localized fields appear promising for surface enhanced Raman scattering (SERS) measurements of single 
molecules or small ensembles thereof as well as nanolithography. Extending previous SERS results on p-
mercaptoaniline, we describe new SERS measurements with related thiol-containing molecules and discuss how 
bowties can be used to estimate chemical enhancements and to sense electron transfer processes.  

 
COLL 102 Biocompatible hydrogel-coated gold nanoparticles for in vivo drug delivery  
T. Randall Lee, Departments of Chemistry and Chemical Engineering, University of Houston, 4800 Calhoun Road, 
Houston, TX 77204-5003, Fax: 281-754-4445, trlee@uh.edu, and Jun-Hyun Kim, Department of Chemistry, 
University of Houston  

Co-polymerization of a mixture of N-isoproprylacrylamide and acrylic acid in the presence of surface-modified gold 
nanoparticles leads to the preparation of biocompatible hydrogel-coated composite nanoparticles. Controlled 
collapse of the hydrogel coating can be thermally or photolytically induced by heating slightly above physiologic 
temperature. These new composite nanoparticles offer unique opportunities as discrete biocompatible drug-delivery 
vehicles.  

 
COLL 103 The development of shell crosslinked nanoparticles for biomedical applications in vivo  
Karen L. Wooley, Center for Materials Innovation and Department of Chemistry, Washington University in Saint 
Louis, One Brookings Drive, Saint Louis, MO 63130-4899, klwooley@artsci.wustl.edu  

Nanoscopic particulate materials present great promise for use as carriers and reporters for biomedical applications, 
for example as imaging contrast agents, drug delivery vessels, scavengers of toxins, etc. One of the immediate 
challenges is the development of synthetic methodologies that allow for the preparation of well defined 
nanostructures having controlled and readily modified surface chemistry to direct their in vivo targeting and internal 
structure to provide for packaging of labels, pharmaceutically-active agents, etc. We have focused over the past 
several years on shell crosslinked (SCK) polymer micelles, which are robust core-shell nanoparticles that allow for 
tuning of the internal core and external shell compositions and properties. In this presentation, several synthetic 
routes for the introduction of biologically-active surface moieties will be described, and characterization of the 
materials will be detailed, from in vitro model studies to in vivo biodistributions and tissue targeting. Moreover, the 
ability to extend the structural design to nanocage-like vessels, which are SCKs having undergone excavation of the 
core polymer chain segments will be demonstrated. The excavation process is accomplished by physical extraction 
of the non-crosslinked core chain segments to afford a pseudo-inverted SCK, or by chemical degradation of the core 
polymer chains. The nanocages are designed as synthetic analogs of viral capsids, and lining of the internal surface 
of the cage with functionalities to promote guest packaging will also be discussed.  

 
COLL 104 Nanocapsules for targeted drug delivery  
Angus P. R. Johnston1, Christina Cortez1, Eva Tomaskovic-Crook2, Edouard C. Nice2, Joan K. Heath2, and Frank 
Caruso1. (1) Centre for Nanoscience and Nanotechnology, Department of Chemical and Biomolecular Engineering, 
The University of Melbourne, Victoria 3010, Australia, angusj@unimelb.edu.au, (2) Ludwig Institute for Cancer 
Research, Melbourne, 3050  

Targeted delivery of drugs to specific cells in the body has the potential to improve the treatment of many illnesses, 
including cancer and HIV. An emerging technique to deliver drugs is by immobilising the drug inside a nanocapsule. 
By using nanocapsules, the body is protected from potentially harmful side effects of the drug, while also preventing 
the drug from being degraded by the body. We show that nanocapsules, prepared using the layer-by-layer 
approach, can be targeted specifically to colorectal cancer cells by modifying the surface of the capsule with an 
antibody specific to an antigen found on almost all colorectal cancer cells. Once these targeted capsules bind to the 
cell, they are internalised into the cell. Nanocapsules not functionalised with the targeting antibody show limited 
binding and uptake by colorectal cancer cells.  



 
COLL 105 STARBURST® and Priostar™ dendrimers for enhanced drug solubilization  
Sonke Svenson, Abhay S. Chauhan, Lori A. Reyna, and Donald A. Tomalia, Dendritic NanoTechnologies, Inc, 2625 
Denison Drive, Mount Pleasant, MI 48858, Fax: 989-774-1194, svenson@dnanotech.com  

Many drug candidates and launched products suffer from low bioavailability due to poor water solubility. 
Encapsulation of these drugs into water-soluble carriers can improve their water solubility and bioavailability. 
Poly(amidoamine) PAMAM STARBURST® and Priostar™ dendrimers are core-shell nanostructures with precise 
architecture and low polydispersity, which are synthesized in a generation-by-generation fashion around a core unit, 
resulting in high level of control over size, branching points and surface functionality. The ability to tailor dendrimer 
properties to the needs of a drug makes them ideal carriers for drug encapsulation. The anti-cancer drug cisplatin 
and the non-steroidal anti-inflammatory drug indomethacin have been encapsulated into STARBURST® and 
Priostar™ dendrimers, and their encapsulation efficiency and release profiles have been studied. Cisplatin 
encapsulation was successful using dendrimers with carboxylate surface. Dendrimer generation and size of the core 
molecule had little effect on the encapsulation efficiency. Release profiles revealed a two-step process, small burst 
release followed by sustained release over hours. Indomethatcin encapsulation was successful in dendrimers with 
amino, hydroxy and carboxylate surfaces. The encapsulation efficiency increased with dendrimer size, while release 
was dependent on surface groups and dendrimer size. The water solubility of both drugs was enhanced by orders of 
magnitude. In addition, it has been demonstrated on several cell lines in vitro that encapsulation into dendrimers 
reduces drug cytotoxicity.  

 
COLL 106 Drug, protein, and DNA delivery with glutathione-mediated release using gold nanoparticles  
Vincent M. Rotello, Department of Chemistry, University of Massachusetts Amherst, 701 North Pleasant Street, 
Amherst, MA 01003, rotello@chem.umass.edu  

Monolayer-protected gold nanoparticles provide effective vectors for the delivery of drugs and biomolecules. The 
ability to attach targeting functionality presents a means of delivering these carriers to target organs and tissues. 
Additionally, the capability of tuning surface properties provides systems that are rapidly internalized by cells, with 
intracellular targeting possible through the use of appropriate functionality.  

Gold nanoparticles provide a tunable method for payload release. Glutathione (GSH) is present in low micromolar 
concentrations extracellularly. Intracellular GSH concentrations, however, range from 1-10 millimolar. This dramatic 
increase in GSH concentration within the cell provides a novel means for release: GSH can displace thiol 
functionality from the particle surface. This displacement process can be used directly to release drugs and 
prodrugs. Moreover, the addition of anionic GSH can be used to change the surface potential of cationic particles, 
providing an effective means for release of electrostatically-bound DNA and proteins.  

 
COLL 107 Nitric oxide-releasing nanoparticles as anti-cancer therapeutics  
Mark H. Schoenfisch1, Jae Ho Shin1, Nathan A. Stasko1, Mark A. Polizzi1, Ellen V. Stevens2, and Channing Der2. 
(1) Department of Chemistry, University of North Carolina at Chapel Hill, Venable Hall, CB#3290, Chapel Hill, NC 
27599, schoenfi@email.unc.edu, (2) Department of Pharmacology, University of North Carolina at Chapel Hill  

Nitric oxide (NO), a diatomic free radical, regulates several biological functions in the cardiovascular, respiratory, 
immune, and nervous systems. The complex and wide ranging roles of NO in normal physiology thus demands 
methods for generating NO in a controlled manner. Herein, the synthesis and characterization of nanoparticles 
capable of storing and releasing NO are reported. The advantage of NO-releasing nanoparticles over conventional 
NO donor systems is the ability to store larger amounts of NO on a single molecular scaffold. In addition to the 
enhanced payload of NO, the size and exterior of the nanoparticle are easily modified to confer specific functionality 
for imaging, targeting, and/or enhanced cellular uptake. Three classes of NO-releasing nanoparticles will be 
discussed including monolayer-protected gold clusters, poly(propyleneimine) dendrimers, and co-condensed silica 
spheres. The cytotoxicity of such NO release vehicles on immortalized normal human ovarian surface epithelial and 
ovarian cancer cell lines will be presented.  

 



COLL 108 Hybrid "multimodal" nanocomposites in nanomedicine  
Paras N. Prasad, Indrajit Roy, and Tymish Y. Ohulchanskyy, Institute for Lasers, Photonics, and Biophotonics, State 
University of New York at Buffalo, Buffalo, NY 14260-3000, Fax: 716-645-6945, pnprasad@buffalo.edu  

Nanomedicine encompasses a vast area of biomedical research, from the development of new generation of 
contrast agents for diagnostic imaging to synthesizing targeted delivery vehicles of therapeutic drugs as well as 
synthetic, non-viral vectors for gene therapy. In our institute we are actively pursuing various medicinal avenues by 
developing novel hybrid nanoplatforms like the ‘nanoclinic', which can provide combined diagnosis and therapy of 
tumor cells in a target-specific manner. The organically modified silica (ORMOSIL) nanoparticles developed here 
have been used as a new-generation drug carrier for photodynamic therapy (PDT) of cancer, as well as an efficient 
non-viral gene carrier, capable of transfecting neuronal cells in vivo with superior efficacy over viral vectors. We are 
also fabricating ‘multimodal' nanocomposites with combined optical, magnetic, plasmonic and PET imaging probes 
as well as chemotherapeutic drugs with the goal of early diagnosis and therapy of diseases and real-time monitoring 
of drug action.  

 
COLL 109 Optimizing polymer compositions leads to optimum drug delivery with biodegradable self-
assembling block copolymer nanospheres  
Larisa Sheihet, Robert A. Dubin, Karolina Piotrowska, Joachim Kohn, and David I. Devore, New Jersey Center for 
Biomaterials, Rutgers, State University of New Jersey, 145 Bevier Road, Piscataway, NJ 08854, Fax: 732-445-5006  

To overcome the obstacles of poor bioavailability, circulation time and cell permeability that limit the delivery and 
efficacy of many hydrophobic therapeutic compounds, we have designed and synthesized amphiphilic ABA-type 
triblock copolymers that self-assemble into nanopheres with desaminotyrosyl-tyrosine ester cores and poly(ethylene 
oxide) shells. These biocompatible copolymers provide a unique tunability that we exploit to obtain structure-activity 
relationships for a subset of nanosphere architectures and apply these to optimize their drug loading capabilities. We 
calculate thermodynamic solubility parameters for drugs with a range of hydrophobicities to provide an 
understanding of their binding and release from the nanospheres under dialysis conditions. Finally, we demonstrate 
that the optimized nanospheres deliver the hydrophobic anti-tumor drugs, paclitaxel and camptothecin, to human 
tumor cells in vitro with no loss of drug activity.  

 
COLL 110 Synthetic polyelectrolytes affect transport of drugs across bilayer lipid membranes  
Alexander A. Yaroslavov, Marina M. Kitaeva, Anna A. Efimova, Ekaterina G. Yaroslavova, and Nikolay S. Melik-
Nubarov, Department of Chemistry, M.V.Lomonosov Moscow State University, Leninskie Gory 1-3, Moscow 119992, 
Russia, Fax: 7-095-939-0174, yaroslav@genebee.msu.ru  

Complexation of negative bilayer lipid vesicles (liposomes) with synthetic cationic polymers has been studied. The 
interaction was accompanied by significant structural rearrangements in the liposomal membranes: lateral 
segregation and transmembrane migration of lipid molecules, incorporation of adsorbed polycations into the 
membrane, etc. Neutralization of the liposome surface charge by adsorbed polycations favored acceleration of 
membrane transport of an antitumor drug doxorubicin (Dox). Anionic polymers bound electrostatically to cationic 
form of Dox, micro-sized polyacid-Dox complex particles being formed. Nevertheless, polymer-tied Dox molecules 
were able to penetrate through the liposomal membrane. When growing up polyacid/Dox ratio, the speed of Dox 
membrane transport decreased. An ability of synthetic polyelectrolytes to modulate membrane transport of bioactive 
compounds was thus demonstrated.  

 
COLL 111 Energy transfer at metal surfaces: The role of electronic excitations  
Hongzhi Cheng1, Sharani Roy2, Neil Shenvi2, and John C. Tully2. (1) Department of Physics, Yale University, (2) 
Department of Chemistry, Yale University, john.tully@yale.edu  

Somorjai and coworkers [see X. Z. Ji and G. A. Somorjai, J. Chem. Phys. 109, 22530, (2005)] have recently carried 
out a series of experiments demonstrating that an exothermic chemical reaction at a metal surface can produce 
excited electrons with energies corresponding to a significant fraction of the energy released in the reaction. They 
examined the CO oxidation reaction on a thin film of platinum grown on a semiconductor substrate, and observed a 
sizeable chemicurrent in the semiconductor. Since the Schottky barrier between the metal and the substrate 



exceeds one eV in this case, electrons must be excited with at least this amount of energy. This is an unexpected 
result. It is also counter to the most prevalent theories of chemical dynamics at metal surfaces, particularly electronic 
friction models in which energy is deposited into conduction electrons via multiple, low-energy electronic excitations. 
We will describe the theoretical issues raised by these observations, and present a model that incorporates the 
possibilities of both significant energy deposition into a single localized electronic excitation as well as multiple low-
energy excitation of delocalized electron-hole pairs. We will present preliminary calculations on the CO oxidation 
reaction with comparison to experiment.  

 
COLL 112 "Flexible" surfaces: Structure and reactivity of nanoscale faceted surfaces  
Theodore E. Madey, Department of Physics and Astronomy, Rutgers, The State University of New Jersey, 136 
Frelinghuysen Road, Piscataway, NJ 08854, madey@physics.rutgers.edu  

Many planar metal surfaces that are rough on the atomic scale, such as fcc Ir(210), hcp Re(12-31), bcc W(111) and 
NiAl(111), are morphologically unstable when covered by monolayer films of oxygen, or of certain metals: they 
become "nanotextured" when heated to elevated temperatures [1]. Faceting occurs when an initially planar surface 
converts to a "hill and valley" structure, exposing new crystal facets of nanometer scale dimensions. We report here 
on the structural properties of the planar and faceted surfaces, nucleation and growth of facets, implications for 
structure sensitivity and nanoscale size effects in catalysis [2,3], and potential of faceted substrates as 
nanotemplates for nanoscale cluster growth. Experimental results are compared to theory. *Work supported by 
DOE/BES [1] I.Ermanoski, C.Kim, S.Kelty and T.E.Madey, Surf. Sci. 596 (2005) 89. [2] W.Chen, I.Ermanoski and 
T.E.Madey, JACS 127 (2005) 5014. [3] W.Chen, I.Ermanoski, T.Jacob and T.E.Madey, Langmuir, 22 (2006) 3166.  

 
COLL 113 Oxidation of NO to NO2 on Pt  
Shadab S. Mulla, Lasitha Cumaranatunge, Andrew D. Smeltz, W. Nicholas Delgass, and Fabio H. Ribeiro, School 
of Chemical Engineering, Purdue University, 480 Stadium Mall Drive, West Lafayette, IN 47907-2100, Fax: 765-494-
0805, fabio@purdue.edu  

On the exhaust of diesel engines, the oxidation of NO to NO2 is an important intermediate step for the oxidation of 
soot and trapping of NOx. The oxidation reaction kinetics is approximately +1 order in O2 and NO and -1 order in 
NO2. The reaction mechanism consists of equilibrated adsorption of NO, equilibrated dissociation of NO2, and for the 
rate determining step the non-dissociative adsorption of O2. The Pt particle size affects the NO oxidation turnover 
rate (TOR) significantly, with Pt particles with average diameter of 7 nm having a TOR four times higher than a 2.5 
nm particle. Detailed analysis of the particle size distribution by TEM and rate measurements on a foil suggests that 
the large particles on the catalyst are responsible for most of the observed activity.  

 
COLL 114 Double bond isomerization on platinum surfaces  
Francisco Zaera, Department of Chemistry, University of California, Riverside, Riverside, CA 92521, 
zaera@ucr.edu  

The mechanistic details of C=C double bond cis-trans isomerization and migration reactions on platinum surfaces 
have been investigated by using surface sensitive techniques. In particular, the isomerization of trans-2-butene to its 
cis conformer was found to be easier on Pt(111) surfaces than the opposite cis to trans conversion. This kinetic 
trend, the opposite of what is expected on thermodynamic grounds, is explained by an increased stability of the cis 
isomer upon adsorption. A model where adsorption energies are affected by steric interactions between the side 
moieties of the olefin and the surface suggests that selectivity toward cis vs. trans formation may be manipulated by 
controlling the structure of the surface of the catalyst. This hypothesis is currently being tested in our laboratory. In 
terms of C=C bond migration, it was found that methylene cyclopentane (MeCp) isomerizes easily on Pt(111) to 1-
methyl-1-cyclopentene (1MCp=), but that the reverse reaction does not occur, at least under our experimental 
conditions. The MeCp to 1MCp= isomerization is aided by the presence of coadsorbed hydrogen, and occurs 
through the formation of a common 1-methyl-1-cyclopentyl surface intermediate. That intermediate then undergoes 
beta-hydride elimination selectively at the ring position to form the 1MCp= product. These examples illustrate the 
thermodynamic and kinetic factors that control selectivity in this type of surface conversions.  

 



COLL 115 Probing reaction pathways on model catalyst curfaces: Vinyl acetate synthesis and olefin 
metathesis  
Wilfred T. Tysoe1, Feng Gao2, Yilin Wang3, Florencia C. Calaza1, and Darío J. Stacchiola1. (1) Department of 
Chemistry and Laboratory for Surface Studies, University of Wisconsin-Milwaukee, 3210 N. Cramer St., Milwaukee, 
WI 53211, Fax: 414-229-5036, wtt@uwm.edu, (2) Department of Chemistry and Laboratory for Surface Studies, 
UW-Milwaukee, (3) Department of Chemistry, UW-Milwaukee  

Surface science strategies are used to understand catalytic reaction pathways on model single crystal catalysts. The 
pathway for the synthesis of vinyl acetate from ethylene acetic and oxygen is explored on a Pd(111) single crystal, 
where it is shown that vinyl acetate is synthesized by reaction between ethylene and an acetate species to form a 
acetoxyethyl intermediate, which decomposes via a β-hydride elimination reaction to form vinyl acetate. The olefin 
metathesis pathway is studied on a MoAl alloy grown on a planar alumina substrate in ultrahigh vacuum, where 
carbene species grafted onto the surface from methylene iodide react with adsorbed ethylene to yield a cross 
metathesis products via a metallacyclic intermediate, in accord with the Hérisson-Chauvin mechanism.  

 
COLL 116 Surface reactions and intermediates for ethanol conversion on Pt and Pt-Sn alloys  
Bruce E. Koel, Department of Chemistry and CAMN, Lehigh University, 6 E. Packer Ave., Bethlehem, PA 18015, 
Fax: 610-758-6555, brk205@lehigh.edu  

There is currently a substantial interest in catalytic conversion of ethanol, including steam reforming, partial 
oxidation, and dehydrogenation, and even in direct ethanol fuel cells (DEFCs). We have investigated adsorption and 
reaction of several C2-organic molecules, such as ethanol, acetaldehyde, and ethylene oxide, and reactive 
intermediates such as surface-bound ethoxy and ethyl groups on a Pt(111) single-crystal surface and two, ordered 
Sn/Pt(111) surface alloys: the (2x2) and (√3x√3)R30°-Sn/Pt(111) surfaces with θSn = 0.25 and 0.33, respectively, as 
prepared by vapor deposition of Sn on a Pt(111) single-crystal substrate. The use of more than one Pt-Sn alloy 
enables us to probe how local surface structure and composition governs reactivity and selectivity of such alloys. 
Working in UHV allow us to explicitly exclude or include what is expected to be an important influence on this 
chemistry, i.e. the presence of surface oxygen and Sn in an oxidized state.  

 
COLL 117 Reactions of methanol on nanosized Pd-based catalysts: Theoretical description combining 
periodic and cluster models  
Notker Roesch, Theoretische Chemie, TU Muenchen, Lichtenbergstrasse 4, 85748 Garching, Germany, Fax: +49-
89-2891-3468, roesch@ch.tum.de  

To describe properties of nanosized Pd-based catalysts for methanol steam reforming (MSR) and dehydrogenation 
at an accurate DFT level, we applied periodic slab and three-dimensional nanocluster models. We focused on 
methoxide and formaldehyde as important intermediates of MSR and dehydrogenation. Dehydrogenation of 
formaldehyde was found to be more facile on Pd(111) than on PdZn(111), rendering MSR more favorable on PdZn, 
whereas Pd is a better dehydrogenation catalyst. With thermodynamic and kinetic modeling, we determined the 
composition of PdZn(111) under MSR conditions. We addressed the poisoning of Pd catalysts by carbonaceous 
species as byproducts of dehydrogenation, by exploring C-O bond scission of various intermediates of methanol 
dehydrogenation. CH3O and CH2OH were found to be likely candidates for C-O bond scission, but the activation 
barriers are still notably higher than for dehydrogenation. Finally, we showed that, in agreement with experiment, 
CHx species occupy preferentially positions at or near edges of the nanoparticles.  

 
COLL 118 Enantioselectivity on naturally chiral surfaces  
Andrew Gellman, David Rampulla, Ye Huang, Josh Horvath, and Anjanette Koritnik, Department of Chemical 
Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, Fax: 412-268-7139, ag4b@andrew.cmu.edu  

The high Miller index planes of fcc metal single crystals are chiral if they expose surfaces with kinked step edges. 
The kinks are formed by the intersection of (111), (110), and (100) microfacets to form a terrace, step and kink 
structure. These defined the six ‘types' of kinks that can be formed on the high Miller index planes of fcc metals. 
Desorption energies of R-3-methylcyclohexanone have been studied on a set of 23 single crystal surfaces to explore 
the enantioselectivity of adsorption throughout the stereographic triangle. The desorption energies are clearly 



enantioselective on the chiral surfaces in the interior of the stenographic projection. The magnitude of the 
enantioselectivity of the desorption energies varies by only a factor of two among the different chiral surfaces. The 
sign of the desorption energy enantioselectivity does, however, differ among surfaces of the same handedness.  

 
COLL 119 Enantioselective adsorption of alanine on copper{531}  
M J Gladys1, A V Stevens1, J Ottal1, G Jones1, D Batchelor2, and G. Held1. (1) Department of Chemistry, Cambridge 
University, Lensfield Road, Cambridge CB2 1EW, United Kingdom, mjg95@cam.ac.uk, gh10009@cam.ac.uk, (2) 
Department of Physics, Universität Würzburg  

We have studied the adsorption of S and R-alanine on the chiral Cu{531} surface and found for the first time an 
ordered overlayer of chiral molecules on a chiral substrate. Synchrotron-based high-resolution XPS indicates that 
the chemisorbed species is alaninate with surface bonds through two oxygen atoms and one nitrogen resulting in a 
triangular footprint. LEED shows an ordered (1x4)-structure for S-alanine. The in-plane polarization-dependence of 
the carboxylic acid π*-resonance in NEXAFS can only be explained by multiple molecule orientations. The combined 
XPS, NEXAFS and LEED results suggest two molecular orientations within the S-(1x4) overlayer that bind to {110} 
and {311} steps on the surface. Adsorption of R-alanine leads to a different LEED pattern and different angle 
dependence of the π* resonance indicating enantioselectivity in the adsorption geometries. TPD data suggest 
differences in the saturation coverages between the two enantiomers, but no significant difference in the desorption 
temperatures was found.  

 
COLL 120 Scanning tunneling microscopy probes of polycyclic aromatic hydrocarbons chemisorbed and 
physisorbed on surfaces  
George W. Flynn, Department of Chemistry and Columbia Center for Electron Transport in Molecular 
Nanostructures, Columbia University, MC 3109 Havemeyer Hall, 3000 Broadway, New York, NY 10027, Fax: 212-
854-8336, gwf1@columbia.edu  

The polycyclic aromatic hydrocarbon hexabenzocoronene, HBC, is noteworthy in its apparent structural similarity to 
the end-cap of a [6,6] carbon nanotube. Since most reported preparations of carbon nanotubes entail transition 
metal catalysis, and HBC is likely to serve as a seed for nanotube growth, the interaction of HBC with a metal 
surface has been investigated using ultrahigh vacuum, scanning tunneling microscopy. The behavior of HBC on 
metals also serves as a model for soot chemistry processes of environmental importance since many soot particles, 
especially those formed from diesel fuel, are impregnated with heavy metal atoms, which are very likely to affect the 
rate and mechanism of soot growth. Here we report results showing that HBC is strongly bound to the metal (in this 
case ruthenium), that there is a structural asymmetry in the binding, and that a physically significant rearrangement 
occurs when the HBC surface complex is heated. These results are in marked contrast to the behavior of chrysene 
and HBC on graphite surfaces, which have also been studied using high resolution, ultra high vacuum STM.  

 
COLL 121 Long range pattern formation of oxygen functionalized anthracene derivatives  
Greg Pawin, Kin L. Wong, Ki-Young Kwon, and Ludwig Bartels, Department of Chemistry, University of California, 
Riverside, Pierce Hall, Department of Chemistry, University of California, Riverside, Riverside, CA 92521, 
greg.pawin@email.ucr.edu  

Previous investigations of chemically functionalized anthracene derivatives have revealed unique self-assembly 
properties on Cu(111); however, like other studies of ordered films, they arrange into compact patterns dictated by 
short range intermolecular interactions or into straight molecular rows. Here we would like to report an oxygen 
derivative that - although it adsorbs on the surface analogous to other anthracene derivatives - exhibits a novel self-
assembled porous network with a pore size of ~50Å. This hexagonal pattern reflects a balance between 
intermolecular attractions as well as long range repulsion.  

 
COLL 122 Dynamic transconductance spectroscopy study of sub-surface chemistry in organic thin films  
Richard D. Yang1, Jeongwon Park2, Ngoc Tran1, Sarah Bishop1, Corneliu Corlesniuc1, Forest Bohrer1, William C. 
Trogler1, and Andrew C. Kummel1. (1) Department of Chemistry and Biochemistry, University of California, San 



Diego, 9500 Gilman Drive, La Jolla, CA 92093-0358, Fax: 858-534-2063, akummel@ucsd.edu, (2) Materials 
Science and Engineering Program, University of California, San Diego  

Transistors fabricated using organic thin films as the channel material have been shown to be highly sensitive and 
tunable chemical sensors (ChemFETs). The transduction mechanism is critically dependent on the surface 
chemistry, but is poorly understood. In an organic thin-film transistor (OTFT), an organic or polymer film is deposited 
on top of an SiO2 gate oxide. Exposure to analyte causes a large change in source-drain current. We have used 
scanning Kevin probe microscopy (SKPM) to determine that the analytes absorb on the surface of channel material. 
However, in an OTFT, the conduction occurs in the first few monolayers of organic semiconductor on top of the SiO2 
gate oxide; therefore reaction on at the air-organic interface liberate carrier which are transported to the organic-
oxide interface. Dynamic Transconductance Spectoscopy (DTS) has been employed directly measure the effect of 
analyte on charge mobility, trap energy, and fixed charge in real time. For copper or cobalt phthalocyanine(CuPc and 
CoPc) OTFTs, most analytes change the conductivity by displacing oxygen from surface sites thereby changing the 
film mobility and trap energy. Measuring the change in mobility as a function of frequency, we can discriminate 
between different analytes. Additional experiments with molecular beams and modeling with density functional 
theory allow us to identify the surface adsorption sites and determine how they change the electronic structure of the 
film.  

 
COLL 123 Atomic resolution AFM at low temperatures using the QPlus sensor  
Markus Maier, Omicron Nanotechnology GmbH, Limburger Str. 75, Taunusstein 65599, Germany, Fax: 
0049612898733297, m.maier@omicron.de  

Over many years, the Omicron LT STM has been established as an advanced tool for high resolution STM and 
inelastic tunnelling spectroscopy (IETS) on single molecules. However, the behaviour and properties of molecules 
on insulating surfaces gains more and more interest an thus push AFM as an alternative and complementary 
imaging technique. Ideally, the used AFM probe should simultaneously or alternatively work in STM modes and not 
compromise on STM performance. Based on the proven LT STM platform, we have integrated a QPlus sensor for 
atomic resolution AFM while maintaining the user friendliness and known level of STM performance. Especially at 
low temperatures and related spatial constraints, this self-sensing AFM technique is an ideal and easy to handle 
alternative to cantilever based optical detection. The QPlus sensor employs a quartz tuning fork for force detection in 
non-contact AFM operation mode. One prong of the tuning fork is fixed while the SPM probe tip is mounted to the 
second prong. It thus acts as a quartz lever transforming it's oscillation into an electrical signal as a result of the 
piezo-electric effect. The feedback signal is based on frequency shift originating from tip-sample force interaction. A 
dedicated pre-amplification technique ensures distance control based on the pure vibrational signal. Perfect 
separation of the tunnelling current is important when working on conducting samples, since tunnelling at the 
oscillation reversal point of the lever can easily dominate the feedback signal. In addition, extremely low signals 
require the first amplification stage to be very close to the sensor, i.e. to be compatible with low temperatures. 
Measurements on Si(111) 7x7 show that tunnelling current and vibrational signal are clearly separated. In addition, 
benchmark measurements on NaCl with a typical corrugation of approx. 10pm prove that resolution on insulation 
samples is competitive to best cantilever based AFM results.  

 
COLL 124 Interaction energies in organic self-assembled monolayers: Coadsorption and solvent effects  
Steven L. Bernasek, Feng Tao, and Julie Goswami, Department of Chemistry, Princeton University, Frick Chemical 
Lab, Princeton, NJ 08544, Fax: 609-259-1593  

In the self-assembly of long chain hydrocarbons and substituted hydrocarbons on solid substrates, three classes of 
interaction energies govern the self-assembly process. They are chain-chain interactions within a lamella on the 
surface, interactions between ordered lamellae, and interactions between the adsorbate molecules and the 
underlying substrate. These interactions may be dispersive, or more directed interactions such as hydrogen bonding 
or acid-base interactions. We examine the interaction energies in these self-assembled organic monolayers based 
on structural studies using molecular resolution scanning tunneling microscopy for a variety of functionalized 
hydrocarbon molecules. Competitive coadsorption studies, and the effects of solvent on the stability of the structures 
formed are examined.  

 



COLL 125 Probing the dynamics of individual molecules on silicon surfaces with ultra-high vacuum 
scanning tunneling microscopy  
Mark C. Hersam, Department of Materials Science and Engineering, Northwestern University, 2220 Campus Drive, 
Evanston, IL 60208-3108, Fax: 847-491-7820, m-hersam@northwestern.edu  

In this paper, the stability of several organic molecules during ultra-high vacuum scanning tunneling microscopy 
measurements on silicon surfaces have been studied, including styrene, 4-methoxystyrene, 5-vinyl-2,3-
dihydrobenzofuran, and cyclopentene. Different modes of instability have been observed, ranging from reversible 
lateral motion on the surface to irreversible desorption from the surface. For the case of 4-methoxystyrene, tuning 
the intramolecular degrees of freedom via organic synthesis significantly suppressed lateral motion under the 
conditions studied, thus improving adsorbate stability. On the other hand, cyclopentene irreversibly desorbs from the 
surface, and the desorption rate and yield have been measured as a function of sample bias and tunneling current. 
Interestingly, the threshold voltage for desorption is comparable to previous reports for pi-bonded molecules such as 
benzene and chlorobenzene, which suggests that the molecular orbitals of cyclopentene are not significantly 
displaced from the Fermi level of the substrate. However, the cyclopentene desorption yield is approximately a factor 
of 500 lower than these previously studied molecules. Consequently, these experimental results have been 
compared with density functional theory (DFT) calculations in an effort to gain further insight into the electron and 
nuclear dynamics. Through this improved understanding, enhanced reliability can be intentionally engineered into 
future silicon-based molecular electronic devices.  

 
COLL 126 Geometric and electronic structures of azobenzene, azobenzene-derivatives, pentacene and 
rubrene studied with scanning tunneling microscopy and spectroscopy  
Young Kuk, B-Y. Choi, Y. S. Choi, and H. W. Kim, Department of Physics and CSNS, Seoul National Univeristy, 
Shillim 9 dong, Gwanak gu, Seoul 151-747, South Korea, ykuk@phya.snu.ac.kr  

Isolated or ordered molecules of azobenzene, azobenzene-derivatives, pentacene and rubrene were studied with 
scanning tunneling microscopy and spectroscopy. Spatially resolved electronic structures give much information on 
the substrate-molecule interaction and the inter-molecular interactions. The geometric structures, the registries on 
metal surfaces and dynamics during a conformal transformation were also studied. Depending on the registries on 
metal surfaces and the transformation pathways in space and time were found to be different for isolated molecules 
and ordered molecules due to their molecule-molecule interactions. HOMO, LUMO and HOMO or LUMO derive 
states on metal surfaces were mapped spatially to find the correlation between bonding with neighboring molecules 
and the conformal transformation. For isolated molecules, the distance dependence of an inter-molecular interaction 
can be directly measured by attaching alkyl chains between two molecules. These STM/STS results show good 
agreement with the DFT calculation results.  

1. B.-Y. Choi, S.-J. Kahng, S. Kim, H. Kim, H. W. Kim, Y. J. Song, J. Ihm and Young Kuk, “Conformational Molecular 
Switch of Azobenzene Molecule: A Scanning Tunneling Microscopy Study,” Phys. Rev. Lett. In print (2006)  

 
COLL 127 Black carbon in the atmosphere  
Rebecca J. Hopkins1, Alexei V. Tivanski1, Bryan Marten2, and Mary K. Gilles1. (1) Chemical Sciences Division, 
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, RJHopkins@lbl.gov, (2) Lowell 
High School  

The formation of aerosols from both natural and anthropogenic sources affects the Earth's temperature and climate 
by altering the radiative properties of the atmosphere. Aerosols containing black carbon that are released into the 
atmosphere from the burning of biomass, natural fires and the combustion of coals, diesel and jet fuels, contribute a 
large positive component to this radiative forcing, thus causing a heating of the atmosphere. The exact nature and 
variation of black carbon in the atmosphere with regards to optical, chemical and physical properties relative to 
surrogate soots used in the laboratory as atmospheric mimics is unclear. Scanning transmission X-ray microscopy is 
used in conjunction with principle component analysis to spatially map chemical components in aerosol particles 
collected in the field from combustion and biomass burn sources in addition to surrogate soot samples. This has 
enabled chemical and physical information to be obtained simultaneously facilitating the search for an atmospheric 
black carbon standard.  



 
COLL 128 Size-dependent chemical composition of individual organic aerosol particles studied with 
scanning transmission X-ray microscopy  
Alexei V. Tivanski1, Rebecca J. Hopkins1, Alexander Laskin2, and Mary K. Gilles1. (1) Chemical Sciences Division, 
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, MS 6R2100, Berkeley, CA 94720, AVTivanski@lbl.gov, 
(2) Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory  

Carbonaceous particles formed from biomass burning can account for a large fraction of organic aerosols in a local 
environment. Presently, their composition, physical, and chemical properties as well as their environmental effects 
are largely unknown. A distinct type of biomass burn particles, called “tar balls”, are reported in recent field studies. 
They are characterized by their spherical morphology, high carbon content and ability to efficiently scatter and 
absorb light. Scanning transmission x-ray microscopy and near edge x-ray absorption fine structure spectroscopy 
were used to determine size-dependent chemical composition of ~150 individual tar balls particles ranging in size 
from 0.2 to 1.2 µm. Detailed examination of the carbonyl intensity as a function of particle size reveals the presence 
of a thin oxygenated interface layer on the tar balls. Such studies have the potential to improve our understanding of 
the composition of organic particles and their environmental processing.  

 
COLL 129 H2CO3 and its oligomers: Structures, stabilities, vibrational and NMR spectra  
John A. Tossell, Dept. of Chemistry and Biochemistry, Univ. of Maryland, College Park, MD 20742, Fax: 301-314-
9121, tossell@chem.umd.edu  

Although the molecular form of carbonic acid, H2CO3, is of limited stability in aqueous solution, some form of 
H2CO3 is stable as a solid and is a stable species on acid-treated carbonate mineral surfaces. Experimental 
vibrational spectra have been obtained by several research groups which have been assigned to solid H2CO3. We 
have calculated the harmonic vibrational spectrum of monomeric H2CO3 at the 6-311+G(2d,p) CCSD level and 
have calculated anharmonic corrections at the CBSB7 B3LYP level (used in CBS-QB3 calculations), combining the 
two to obtain an accurate description of the fundamental vibrations of gas-phase H2CO3, which disagree 
significantly and systematically with the experimental data for solid H2CO3. For the H-bonded dimer, (H2CO3)2, we 
have calculated both the harmonic spectrum and anharmonicity corrections at the CBSB7 B3LYP level, finding much 
better agreement with the experimental spectrum of solid H2CO3 than for the monomer, particularly for the C=O and 
O-H stretching vibrations.  

 
COLL 130 Fundamental studies of gas-surface reactions on carbonate interfaces with inorganic and organic 
acids: Implications for atmospheric chemistry, climate and degradation mechanisms of museum 
showpieces  
Vicki H. Grassian, Department of Chemistry, University of Iowa, Iowa City, IA 52242, Fax: 319-353-1115, vicki-
grassian@uiowa.edu  

Calcium carbonates are important and ubiquitous minerals in biological and geochemical systems. In the Earth's 
atmosphere, carbonate minerals are important in global carbon dioxide exchange, energy storage and represent a 
reactive component of the mineral dust aerosol present in the troposphere. Calcium carbonate is also a major 
structural component of many natural and engineered systems including museum showpieces. Despite the 
imposrtance of these minerals, there are very few studies of the reaction chemistry of carbonate surfaces at the gas-
solid interface as a function of relative humidity. Several examples of the reaction chemistry of carbonate single 
crystal and particle surfaces with inorganic and organic acids as a function of relative humidity, and the importance 
of adsorbed water in these reactions, will be discussed.  

 
COLL 131 Photolysis of nitrate in aged sea salt aerosol as a potential Cl2 source  
Amy C. Moskun, Lisa M. Wingen, and Barbara J. Finlayson-Pitts, Department of Chemistry, University of California, 
Irvine, Irvine, CA 92697-2025, amoskun@uci.edu  

Sea salt aerosols are a source of photolyzable molecular halogens such as Cl2.  Heterogeneous reactions of sea 
salt aerosol with various oxides of nitrogen lead to replacement of chloride by nitrate, which is known to photolyze to 
form OH radicals.  Because OH oxidizes chloride ions, Cl2 may be generated in aged sea salt particles due to 



oxidant formation from the nitrate photochemistry. We report the results of aerosol chamber experiments that show 
gaseous molecular chlorine, detected by atmospheric pressure chemical ionization mass spectrometry, is generated 
following UV irradiation of mixed NaCl/NaNO3 aerosols. This photolysis of nitrate ions as a source of Cl2 will be 
discussed as a potential source of molecular chlorine in the atmosphere, and compared to other sources such as the 
oxidation of chloride at the interface by gas phase OH.  

  

 
COLL 132 Kinetics of NO and NO2 evolution from illuminated frozen nitrate solutions  
Christopher S Boxe, Earth and Space Sciences Division/Lab Studies and Modeling, NASA-JPL, 4800 Oak Grove 
Drive, Pasadena, CA 91109, boxe@caltech.edu  

The release of NO and NO2 from frozen aqueous NaNO3 irradiated at 313 nm was studied using timeresolved 
spectroscopic techniques. The kinetic behavior of NO and NO2 signals during on-and-off illumination cycles confirms 
that NO2 is a primary photoproduct evolving from the outermost ice layers and reveals that NO is a secondary 
species generated deeper in the ice, whence it eventually emerges due to its inertness and larger diffusivity. NO is 
shown to be more weakly held than NO2 by ice in thermal desorption experiments on preirradiated samples. The 
partial control of gaseous emissions by mass transfer, and hence by the morphology and metamorphisms of 
polycrystalline ice, is established by (1) the nonmonotonic temperature dependence of NO and NO2 signals upon 
stepwise warming under continuous illumination, (2) the fact that the NO, NO2 or NOx (NOx = NO + NO2) amounts 
released in bright thermograms performed under various heating ramps fail to scale with photon dose, due to 
irreversible losses in the adsorbed state. Because present NO/NO2 ratios are up to 10-fold smaller than those 
determined over sunlit snowpacks, we infer that the immediate precursors to NO mostly absorb at λ > λmax (NO3 -) 
~ 302 nm.  

 
COLL 133 Aqueous ions: Distribution in nanodrops and at aqueous inorganic solution interfaces  
Mary Jane Shultz1, Margaret Kuo2, Noelani Kamelamela1, Faith Dukes1, and Irene Li1. (1) Chemistry Department, 
Tufts University, Pearson Laboratory, 62 Talbot Ave., Medford, MA 02155, Fax: 617-627-3443, 
Mary.Shultz@Tufts.edu, (2) Chemistry, Tufts University  

Although small inorganic ions are ubiquitous in environmental solutions, their impact on the solution interface has 
only recently been explored. It has long been known that small inorganic ions alter the structure of water in aqueous 
solutions, dividing into structure-making and structure-breaking ions. Much work in the last decade-and-a-half has 
shown that the surfaces of such solutions are a bit more complex: the ions have nonmonotonic spatial profiles upon 
approaching the solution interface. Despite this progress, the surfaces of aqueous acid solutions pose an important 
challenge and are not yet well understood. In contrast to bases or salts, inorganic acids lower the surface tension of 
water indicating an excess of ions in the interfacial region. The hydrated proton has a significant impact on the 
structure of the aqueous solution interface. This presentation will report on efforts to develop a unified, molecular-
level picture of acidic aqueous interfaces using results nonlinear spectroscopic techniques, cluster studies, and 
aqueous nanodrops.  

 
COLL 134 The counterions of arginine amino acids impact efficacy and solution properties of the 
antimicrobial peptide Ac-RRWWRF-NH2  
Alicyn M. Rhoades, School of Polymers and High Performance Materials, The University of Southern Mississippi, 
118 College Drive, #10076, Hattiesburg, MS 39406, Fax: 601-266-5504, alicyn.haney@usm.edu, Douglas A. Wicks, 
University of Southern Mississippi, and John S. Williamson, Department of Medicinal Chemistry, University of 
Mississippi  

Antimicrobial peptides are characteristically amphiphilic in nature, containing both hydrophobic and cationic 
residues. The action of the cationic side groups with bacteria membranes is known to be important. However, the 
impact of the chemical nature of the counterion associated with these cationic residues is not well understood or 
thoroughly addressed in the literature. We have synthesized both the chloride and the trifloro acetic (TFA) acid salts 
of the antimicrobial peptide Ac-RRWWRF-NH2. The peptides were tested for antimicrobial efficacy in several 
different buffer solutions. They were also tested solution and antimicrobial properties when added to 1% solutions of 



hydroxyethyl cellulose. Evaluation of the antimicrobial efficacy of these peptides reveals this property is influenced 
by the nature of the counterion. Peptide chloride salts were typically twice as potent as the TFA peptide salts. The 
location of the peptide within hydroxyethyl cellulose solutions was determined using fluorescence quenching of the 
tryptophan side chains.  

 
COLL 135 Antimicrobial peptide structure/function analyses and correlation to their discriminatory binding 
behavior for pathogenic gram-negative bacteria  
Jason W. Soares, Mimi Cho, and Charlene M. Mello, MST/SS&TD, US Natick Soldier Center, Kansas Street, 
Natick, MA 01760, Fax: 508-233-4469, jason.soares@us.army.mil  

Antimicrobial peptides have evolved as nature's inherent system to protect organisms by combating the infectious 
effects of harmful bacteria. They possess an innate durability and stability that enable them to maintain functionality 
in a wide range of environments including temperature, solvents, and polymer systems making them interesting 
candidates for both disinfectants and detection systems. Our research focuses on tailoring the native binding affinity 
and varied binding selectivity for gram-negative and gram-positive bacteria of antimicrobial peptides to preferentially 
bind a gram-negative food pathogen E. coli O157:H7. Ultimately these investigations will provide a comprehensive 
understanding of the mechanisms of peptide discriminatory binding behavior. Antimicrobial peptide binding behavior 
was probed under non-physiological conditions to provide insight into the mechanisms of interaction for pathogenic 
E. coli O157:H7 and a non-pathogenic E. coli. Furthermore, truncated peptides were evaluated to probe how 
structure plays a role in the discriminatory binding and elucidate specific sequence characteristics including amino 
acid residues that may be essential for the observed discriminatory binding. The probing of peptide chemical and 
physical characteristics to ascertain structure/function relationships provides information regarding the complex 
system of peptide-cell interactions and how these characteristics play a role in discriminatory binding behavior. 
Ascertaining mechanisms of discriminatory binding can be leveraged in the future design of pathogen selective 
peptides for incorporation into recognition systems.  

 
COLL 136 Composition effect on peptide interaction with lipids and bacteria: Variants of the C3a peptide 
CNY21  
Lovisa Ringstad1, Emma Andersson Nordahl2, Artur Schmidtchen2, and Martin Malmsten1. (1) Department of 
Pharmacy, Uppsala University, P.O. Box 580, SE-751 23 Uppsala, Sweden, Fax: +46 18 471 4377, 
lovisa.ringstad@farmaci.uu.se, (2) Department of Dermatology and Venereology, Lund University  

The effect of peptide hydrophobicity and charge on peptide interaction with model lipid bilayers was investigated for 
the C3a-derived peptide CNY21 by fluorescence spectroscopy, circular dichroism, ellipsometry, z-potential and 
photon correlation spectroscopy measurements. For both zwitterionic and anionic liposomes, the membrane-
disruptive potency for CNY21-variants increased with increasing net positive charge and mean hydrophobicity of the 
peptide, and was completely lost on elimination of all peptide positive charges. Analogous effects regarding the 
effect of elimination of the peptide positive net charge in particular were found regarding bacteria killing for both P. 
aeruginosa and B. subtilis. The peptides, characterized by high random coil and moderate helix content both in 
buffer and when attached to the liposomes, displayed high adsorption for the net positively charged peptide variants, 
while adsorption was non-measurable for the uncharged peptide. That electrostatically driven adsorption represents 
the main driving force for membrane disruption in lipid systems was demonstrated also by the drastic reduction 
observed with increasing ionic strength regarding both peptide-induced liposome leakage and peptide adsorption to 
the lipid membrane, and that this salt inactivation can be partly avoided by promoting non-electrostatic driving forces 
for peptide adsorption and lipid membrane disruption, e.g., by increasing the peptide hydrophobicity. This increased 
electrolyte resistance for the hydrophobically modified variant translates also to a higher antibacterial effect for this 
variant at high salt concentration. Overall, our findings demonstrate the importance of the peptide adsorption and 
resulting peptide interfacial density on the membrane-disruptive effects of these peptides.  

 
COLL 137 Structure/function relationships between self-assembled monolayers and bacteria viability  
Joshua R. Uzarski and John R. Morris, Department of Chemistry, Virginia Polytechnic Institute and State University, 
107 Davidson Hall, Blacksburg, VA 24061, juzarski@vt.edu  



The objectives of this work are to investigate the relationship between the structure of a model organic surface and 
its effect on the viability of bacteria. First, self-assembled monolayers (SAMs) composed of carboxylic acid 
terminated alkanethiols were complexed with Ag+ ions. These SAMs, presenting a single monolayer of Ag+ ions, 
were found to be antibacterial. Second, SAMs containing quaternary ammonium groups are being used to explore 
how chain length, molecular packing density, and quaternary ammonium surface concentration effect bacteria 
viability. These studies are helping to develop a fundamental understanding of the relationship between molecular 
scale surface structure and bacteria viability.  

 
COLL 138 Antibacterial activities of thin films containing ceragenins  
Paul B. Savage, Jason Nielsen, Xinzhong Lai, Yanshu Feng, Yang Li, Matthew Richard Linford, and Carl Genberg, 
Department of Chemistry and Biochemistry, Brigham Young University, C100 BNSN, Provo, UT 84602, 
paul_savage@byu.edu  

Ceragenins are steroid-based mimics of antimicrobial peptides, and they are highly active against Gram-negative 
and positive bacteria. Because the ceragenins preferentially disrupt prokaryotic membranes, it was anticipated that 
these antimicrobial agents would retain activity while appended to a polymer and immobilized on a surface. Biofilm 
formation on medical implants is a primary cause of hospital-acquired infections, and antimicrobial surfaces may 
provide a means of preventing biofilm formation. Ceragenin CSA-13 has been covalently attached to a variety of 
polymers including polyacroylchloride and polyurethane. The weight percent of CSA-13 in the polymers has been 
varied with percentages as high as 16%. With lower molecular weight polyurethane polymers, the conjugate retains 
a small degree of water solubility, and the ceragenin-containing polymer elutes slowly from coated materials. The 
CSA-13 polymer conjugate retains potent antibacterial activity with rapid bactericidal kinetics. Larger molecular 
weight polymers containing CSA-13 remain in thin films on surfaces and inhibit biofilm formation.  

 
COLL 139 Model surfaces for probing interactions and reactivity at microbial surfaces  
Chengzhi Cai1, Guoting Qin1, Michelle K. Calabretta2, and Alison McDermott3. (1) Department of Chemistry, 
University of Houston, 136 Fleming, Houston, TX 77204, Fax: 713-743-2709, cai@uh.edu, (2) Department of 
Biochemistry and Cell Biology, Rice University, (3) College of Optometry, University of Houston  

We have developed robust and ultrathin (<4 nm in thickness) monolayers of oligo(ethylene glycol) (OEG) attached 
on silicon substrates via Si-C bonds. These films nearly eliminate the non-specific adsorption of a wide variety of 
proteins and cells. These platforms are ideal for development of silicon-based biosensors and screening devices. 
Carbohydrates that bind E. Coli cells and oligopeptides such as defensins are incorporated to the OEG surfaces with 
a control on the spacing of the ligands using dendrimers and nanopatterning. We also use AFM to visualize the 
surfaces of immobilized E. Coli cells and are able to observe pinholes of 2.5 nm in diameter. The results on the 
study of the interactions of a variety of microbial cells with these model surfaces will be presented.  

 
COLL 140 Effect of lipid headgroup composition on the interaction between melittin and lipid bilayers  
Adam Strömstedt1, Per Wessman2, Lovisa Ringstad1, Katarina Edwards2, and Martin Malmsten1. (1) Department of 
Pharmacy, Uppsala University, P.O. Box 580, SE-751 23 Uppsala, Sweden, Fax: 46 (0)18 471 43 77, 
adam.stromstedt@farmaci.uu.se, (2) Department of Physical Chemistry, Uppsala University  

The effect of the nature of the polar headgroup on the melittin-phospholipid interaction was investigated by cryo-
TEM, fluorescence spectroscopy, ellipsometry, circular dichroism, electrophoresis and photon correlation 
spectroscopy. In Particular, focus was placed on peptide adsorption to the lipid interface, peptide penetration into the 
lipid bilayer and adsorption-induced peptide secondary structure changes, but also on the effect of peptide binding 
on leakage induction, z-potential, and colloidal stability of large unilamellar vesicles. The effect of the phospholipid 
headgroup charge was addressed by comparing dioleoylphosphatidylcholine (DOPC) with dioleoylphosphatidic acid 
(DOPA). The concentration of melittin required to induce liposome leakage is substantially higher for anionic DOPA-
containing liposomes than for zwitterionic DOPC-based liposomes. The origin of this effect is shown to be related to 
the strong electrostatic attraction between the anionic lipid membrane and the cationic peptide causing the latter to 
be immobilized at the membrane headgroup region in the case of DOPA, but less so for DOPC where these 
electrostatitic interactions are substantially weaker. For phosphatidylinositol-based liposomes, the electrostatic 
attraction is balanced by a repulsive hydration interaction. This allows for a larger degree of peptide penetration into 



the lipid bilayer, and lower melittin concentrations to cause liposome leakage. By reducing the excess electrolyte 
concentration, the electrostatic interactions can be enhanced also in the phosphatidylinositol case and, as for the 
DOPA-based liposomes, a lower degree of peptide penetration and a less efficient defect formation is observed.  

 
COLL 141 In situ reverse transcription pcr to visualize expression of specific genes in single bacterial cells 
and microcolonies  
G. Geesey and Catherine Reardon, Department of Microbiology, Montana State University, P.O. Box 173520, 
Bozeman, MT 59717-3520, gill_g@erc.montana.edu  

In situ reverse transcription polymerase chain reaction has been developed to visualize expression of a gene 
encoding the large subunit of [NiFe] hydrogenase in single bacterial cells and bacterial microcolonies of the sulfate-
reducing bacterium Desulfovibrio desulfuricans Essex 6. Gene expression occurred in 100% of the cells associated 
with the mineral surface when using lactate as energy and carbon source and sulfate as terminal electron acceptor. 
Hematite surface-associated cells exhibited significantly greater whole-cell hydrogenase enzyme activity than 
suspended cells in the same culture when respiring on sulfate but not when grown fermentatively on pyruvate. The 
elevated hydrogenase activity in cells growing on hematite surfaces may promote establishment of conditions that 
favor previously reported pyrrhotite formation and deposition at the hematite surface. Molecular biological techniques 
offer a means of better understanding how bacterial metabolic processes control mineral transformations.  

 
COLL 142 Recent developments in whole cell methods for rapid microbial detection  
Byron F. Brehm-Stecher, Department of Food Science & Human Nutrition, Iowa State University, 2312 Food 
Sciences Building, Ames, IA 50011, Fax: 515-294-8181, byron@iastate.edu  

Whole cell methods for microbial detection have the potential to preserve a wealth of valuable information. Apart 
from molecular identity, this includes morphology and other physiological characteristics, cell number and distribution 
within a sample, and physical or spatial associations with other cell types. Rapidity is also a desirable trait for any 
diagnostic method. My laboratory is interested in developing rapid whole cell approaches for the molecular detection 
of foodborne pathogens. Technologies under development include novel approaches to signal amplification for 
fluorescence in situ hybridization (FISH) and innovative cytometric tools for combined physiological separation and 
molecular identification of target cells. We are also focused on leveraging the strengths of peptide nucleic acid (PNA) 
for the development of FISH probes targeting Gram-positive pathogens and on the practical application to foods of 
combined FISH and flow cytometry. This talk will summarize our work to date and will outline areas of interest for 
future research.  

 
COLL 143 Molecular and cellular analysis of Bacillus anthracis and Bacillus subtilis spore surfaces  
Adam Driks, Department of Microbiology and Immunology, Loyola University Medical Center, 2160 S. First Ave., 
Bld 105 Rm 3820, Maywood, IL 60153, adriks@lumc.edu  

Bacteria of the genii Bacillus and Clostridia can form a specialized cell type called a spore. Unlike typical cells, 
spores are metabolically dormant, much more resistant to environmental assault, and display a unique and 
specialized set of molecules on their surface. We study Bacillus anthracis and Bacillus subtilis spores, whose 
outermost structures are known as the exosporium and coat, respectively. The coat (which is present in spores of all 
species, although on the surface of only a subset) plays important roles in spore resistance. In B. subtilis, we have 
found that the coat surface proteins are few in number, with the most readily detected being CotB and CotG. The 
role of the exosporium is unknown. However, as the surface structure of the B. anthracis spore, a role for the 
exosporium in the disease anthrax is plausible. Therefore, we have addressed this question in collaboration with 
researchers at USAMRIID. Surprisingly, our results suggest that the presence of the exosporium is not required for 
the disease. This result has important implications for spore detection technologies that use surface proteins as 
spore signatures, and vaccines that also rely on these molecules.  

 
COLL 144 Ultrafast dynamics of OH stretches at water interfaces  
Y. Ron Shen, Department of Physics, University of California, Berkeley, CA 94720, Fax: 510-643-8923, 



yrshen@calmail.berkeley.edu, and John McGuire, Department of Physics, University of California at Berkeley, 
Berkeley, CA 04720, mcguireja@yahoo.com  

We report the first measurements of ultrafast vibrational dynamics of OH stretch modes at water interfaces using 
spectral hole-burning probed by IR-visible sum-frequency generation. For the water/quartz interface, the width of the 
spectral hole immediately after 100-fs vibrational excitation reveals a homogeneous dephasing time of ~100 fs or a 
homogeneous broadening of ~100 cm^-1. The hole recovers on the time scale increasing from ~200 fs at the low-
frequency side of the ice-like peak to ~800 fs at the high-frequency side of the liquid-like peak. For the free OH 
stretch at the water/OTS interface, the recovery time is ~1.3 ps. The results can be qualitatively understood from the 
picture of laser-induced dynamical changes of the water hydrogen network at interfaces. This work was supported 
by DOE.  

 
COLL 145 Photo oxidation on TiO2: Competition with water  
Mary Jane Shultz, Henning Groenzin, Chuan-yi Wang, and Nkengafeh Asong, Chemistry Department, Tufts 
University, Pearson Laboratory, 62 Talbot Ave., Medford, MA 02155, Fax: 617-627-3443, Mary.Shultz@Tufts.edu  

Anatase TiO2 photocatalytically mineralize a variety of materials making TiO2 an attractive candidate for water 
remediation since it is that it is environmentally benign. The primary impediment to wide spread implementation of a 
TiO2 based system for water supply decontamination is that the quantum efficiency in contact with condense phase 
water is less than 5%. Since the quantum efficiency for destruction of airborne materials is greater than 80%, the 
potential for increased efficiency is very real. To convert the potential to practice, the oxidation mechanism needs to 
be understood. We will report on the results of using a nonlinear optical spectroscopy, sum frequency generation 
(SFG) as an in situ probe of interactions at the TiO2 surface. Results suggest that the dominant oxidation 
mechanism converts from a direct to an indirect mechanism as the water content (vapor pressure) increases. This 
presentation will discuss the probe technique as well as the results.  

 
COLL 146 Ultrafast hydrogen bonding dynamics of interfacial water by spectrally- and time-resolved sum 
frequency generation (STiR-SFG)  
Alexander V. Benderskii, Champika Weeraman, and Andrey N. Bordenyuk, Department of Chemistry, Wayne 
State University, Detroit, MI 48202, Fax: 313-577-8822, alex@chem.wayne.edu  

Ultrafast dynamics of the aqueous hydrogen bonding dynamics at interfaces was investigated using spectrally- and 
time-resolved Sum Frequency Generation (STiR-SFG), a recently developed surface-selective 3-wave mixing 
(IR+visible) spectroscopic technique capable of measuring ultrafast spectral evolution of vibrational coherences. 
Spectral dynamics of the OH (OD) stretch vibration on the 50-150 fs time scale provides real-time observation of 
ultrafast H-bond rearrangement. Tuning the IR pulse wavelength to the blue or red side of the OD-stretch transition, 
we selectively monitor the dynamics of different sub-ensembles in the distribution of the H-bond structures. The 
blue-side excitation (weaker H-bonding) shows monotonic red-shift of the OD-stretch frequency. In contrast, the red-
side excitation (stronger H-bonding structures) produces a blue-shift and a recursion, which may indicate the 
presence of an underdamped intermolecular mode of interfacial water. We acknowledge support by NSF CAREER 
grant #0449720 and the donors of the American Chemical Society Petroleum Research Fund for partial support 
under the ACS-PRF grant #40868-G6.  

 
COLL 147 Marking the interaction of water with interfaces in reverse micelles using steady-state and time-
resolved IR spectroscopy  
Nancy E. Levinger1, David E. Moilanen2, Ivan R. Piletic2, and Michael D. Fayer2. (1) Department of Chemistry, 
Colorado State University, Fort Collins, CO 80523-1872, Fax: 970-491-1801, levinger@lamar.colostate.edu, (2) 
Chemistry, Stanford University  

At the appropriate concentration, amphiphilic molecules can sequester isolated droplets of water from nonpolar 
solvents to form reverse micelles. While ionic surfactants have commonly been used to form reverse micelles, 
nonionic surfactants have been shown to be more effective for various applications. The interaction of water with 
interfaces in reverse micelles is associated with their self-assembly and the characteristics of the intramicellar water. 
While the nature of water in formed from Aerosol OT (di-ethylhexyl sulfosuccinate) reverse micelles has been well 



studied, the properties and characteristics of nonionic reverse micelles remain largely unexplored. Interestingly, 
despite the tremendous hygroscopic nature of polyethylene oxides, steady-state and time-resolved infrared 
spectroscopy indicate that water appears to form a pool in the reverse micelles rather than hydrating the 
polyethylene oxide portion of the nonylphenyl polyethylene oxide surfactants. This presentation will discuss new 
results from steady-state and time-resolved IR experiments on the water in nonionic reverse micelles.  

 
COLL 148 Structural changes and water dynamics in Nafion fuel cell membranes  
David E. Moilanen, Ivan R. Piletic, and Michael D. Fayer, Chemistry, Stanford University, Stanford, CA 94305, Fax: 
650-723-4817, moilanen@stanford.edu  

The movement of protons through the hydrated regions of Nafion fuel cell membranes is closely related to the 
structure and dynamics of the confined water in the membrane. We study the properties of water confined in the 
hydrophilic domains of Nafion membranes at varying degrees of hydration using FT-IR and ultrafast IR 
spectroscopies of the hydroxyl stretch. The IR spectra track the effect of swelling and structural rearrangement in the 
interfacial region of the hydrated domains on the confined water. Confinement disrupts the hydrogen bonding 
network of water, slowing both vibrational population relaxation and orientational diffusion. The orientational diffusion 
of water, which is directly related to the hydrogen bond network rearrangement required for proton transfer, is 
restricted at all hydration levels; at the lowest hydration value, virtually no reorientation occurs. The orientational 
relaxation measurements are compared to the results of molecular dynamics simulations of orientational relaxation 
of water in Nafion.  

 
COLL 149 The surface of aqueous solutions: A combined experimental and theoretical approach  
Geraldine L. Richmond, Teresa L. Tarbuck, Dave S. Walker, and Dennis K. Hore, Department of Chemistry, 
University of Oregon, Eugene, OR 97403, Fax: 541-346-5859, richmond@uoregon.edu  

The structure, hydrogen bonding and adsorption of molecules at aqueous surfaces control many physical, biological 
and chemical processes that occur in our world. This talk will examine the interesting differences and similarities in 
the hydrogen bonding characteristics of water at the surface of various aqueous electrolyte and acid solutions, 
detection and characterization of protonated species that are found at the surface of acid solutions, and organic 
adsorption at these solution surfaces. Because of the complexity of these interfaces, understanding the molecular 
behavior requires a multifaceted approach. The studies described in this talk involve a combination of 
thermodynamic measurements, experimental surface spectroscopic measurements using vibrational sum frequency 
spectroscopy (VSFS), and theoretical calculations of the corresponding VSF spectra using molecular dynamics 
methods.  

 
COLL 150 Monitoring interfacial orientation and water structure  
Paul S. Cremer1, Sho Kataoka1, and Xin Chen2. (1) Department of Chemistry, Texas A&M University, MS 3255, 
College Station, TX 77843, Fax: 979-845-7561, cremer@mail.chem.tamu.edu, (2) Chemistry Department, Texas 
A&M University  

We have used VSFS to monitor the behavior of isopropanol-water mixtures as a function of the alcohol's mole 
fraction. Using a novel united atom model, it is possible to treat the isopropyl moiety as a single functional group and 
follow its tilt and twist angle at the interface as the mole fraction of alcohol is varied. The results indicate that the 
surface orientation of the alcohol is closely linked to its activity coefficient, a bulk property. By contrast, changes in 
orientation are not directly correlated with changes in surface tension. This work has implications for the interactions 
of water with small organic molecules.  

 
COLL 151 Phase-sensitive sum-frequency vibrational spectroscopy of water-vapor interfaces  
Na Ji, Victor Ostroverkhov, Chao-Yuan Chen, and Yuen-Ron Shen, Department of Physics, University of California, 
366 LeConte Hall, #7300, Berkeley, CA 94720, Fax: 510-643-8923, jina@uclink.berkeley.edu  



Newly developed phase-sensitive sum-frequency vibrational spectroscopy (PS-SFVS) was applied to water-vapor 
interfaces, yielding spectra of both real and imaginary parts of the interfacial water nonlinear susceptibility. This 
technique allows us to resolve overlapping surface vibrational modes and leads to a deeper understanding of the 
hydrogen bond network at water-vapor interfaces. Results from pure water, aqueous salt solutions, acids, and bases 
will be presented. Work was supported by NSF-Water CAMPWS (CTS-0120978) and the Department of Energy.  

 
COLL 152 Interrogating buried interfaces using sum frequency generation spectroscopy  
Paul B. Davies, Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United 
Kingdom, Fax: +44 1223 336362, pbd2@cam.ac.uk  

On solid surfaces molecules present at more than one interface may give rise to the detected SFG spectrum. The 
effect of two sources of SFG one of which is resonant and the other non resonant was originally explored for the C-H 
resonances in a monolayer aliphatic film deposited on a metal surface. The basic idea of interfering resonances was 
then extended to systems where the resonant and non resonant layers were separated by different thicknesses of 
inert, transparent, material such as mica or polymer. Two thickness dependent interference effects have been 
identified and interpreted in the C-H SFG spectra, one varying with a nanometer periodicity and the other varying on 
a micron scale. Subsequently these results have been applied to understanding the spectra from thin polymer films, 
and from multi layered Langmuir Blodgett films of fatty acids deposited on both metal and dielectric substrates.  

 
COLL 153 Molecular ordering at the liquid/air interface and hydration of surfactants  
Eric Tyrode1, Magnus Johnson2, Per M. Claesson1, and Mark W. Rutland1. (1) Department of Chemistry, Royal 
Institute of Technology, Surface Chemistry, SE-100 44, Stockholm, Sweden, eric.tryode@surfchem.kth.se, 
mark.rutland@surfchem.kth.se, (2) Div. Corrosion Science, Royal Institute of Technology  

The surface specificity of Vibrational Sum Frequency Spectroscopy (VSFS) has been utilised to study a range of 
molecules at the liquid air interface. The orientation of water at interfaces is of great fundamental importance so 
particular emphasis is placed on our observations of ordered interfacial water in surfactant systems. We are able to 
clearly identify water associated with hydrophobic regions as well as compare the hydration of the different classes 
of nonionic surfactants. Both sugar based and conventional poyoxyethylene surfactants have been studied as both a 
function of temperature and concentration. For polyoxyethylene surfactants in particular, the temperature 
dependence gives us clues about the unique clouding mechanisms of this class of surfactant. By modifying the the 
PEO headgroup with deuterated hydrocarbon moieties we are able to modify the foaming and adsorption properties 
of the surfactants, which is reflected in the VSFS spectra.  

 
COLL 154 Investigating phospholipid bilayer structure and dynamics with sum-frequency vibrational 
spectroscopy  
Jin Liu, Timothy C. Anglin, and John C. Conboy, Department of Chemistry, University of Utah, 315 S. 1400 E. RM 
2020, Salt Lake City, UT 84112, Fax: 801-587-9919, jin_liu@chem.utah.edu, conboy@chem.utah.edu  

The phospholipid bilayer is one of the central macromolecular assemblies in biology making life possible by 
separating the interior cytosolic contents of a cell from its exterior environment. In this presentation, the use of sum-
frequency vibrational spectroscopy (SFVS) to investigate the structure and dynamics of the lipids comprising these 
macromolecular assemblies will be discussed. The unique symmetry constrains of SFVS allow for the real-time 
detection of membrane lipid asymmetry provide a direct measure of lipid flip-flop. The influence of lipid composition, 
including headgroup and fatty acid chemical structure, and the effect of membrane non-lipid constitutes, such as 
cholesterol and proteins, on the kinetics of lipid transbilayer migration will be presented. The structural perturbation 
of the lipid matrix upon the addition of cholesterol and proteins will also be discussed. In addition, the organization of 
water at the surface of these biological membranes will also be presented. The spectroscopic results indicate the 
presence of highly order ice-like water structure at the membrane surface, consistent with theoretical predictions.  

 
COLL 155 Probing the molecular interactions of antimicrobial peptide mimics with SFG  
Gregory N. Tew, Polymer Science and Engineering Department, University of Massachusetts, Amherst, 120 
Governor Dr, Amherst, MA 01003, Fax: 413-545-0082, tew@mail.pse.umass.edu  



Increasing resistance of pathogenic bacteria against antibiotics is a severe problem in health care. Therefore 
alternatives to "classical" antibiotics are needed. One possibility could be the development of substances which 
mimic the biological and physiochemical properties of natural peptide antibiotics. We have demonstrated a number 
of molecular scaffolds that capture the properties of natural antimicrobial peptides like magainin and defensins. 
Although the biological properties are similar, important questions remain to be answered regarding the interactions 
with lipid bilayers. Sum frequency generation has proven an extremely useful tool for this investigation.  

 
COLL 156 Enabling sum frequency generation vibrational spectroscopy of physiologically relevant model 
membrane systems  
Sarah Sterling1, Lei Li2, Joerg Fick1, Michael Mason1, and David J. Neivandt1. (1) Dept. of Chemical and Biological 
Engineering, University of Maine, 117 Jenness Hall, Orono, ME 04469-5737, sarah_sterling@umit.maine.edu, (2) 
Department of Physics and Astronomy, University of Maine  

Due to the broad biological significance of the correlation between membrane structure and function there is a great 
need for powerful tools to probe the distribution, kinetics, orientation and conformation of lipid and protein membrane 
constituents. Sum Frequency Generation Vibrational Spectroscopy (SFS) may simultaneously elucidate both the 
absolute orientation and the detailed degree of conformational order of lipids and proteins comprising a membrane. 
To date SFS studies of membrane structures have been performed on model membranes formed on solid 
substrates, at the non-aqueous/aqueous interface, or at the aqueous/water interface. Such systems have limitations 
with regards membrane fluidity, prevention of effective incorporation of transmembrane proteins, the impossibility of 
transmembrane transport, or are not the physiologically relevant aqueous/aqueous interface. Thus a model 
membrane system with a closer correlation to native membranes, and which is amenable to study via SFS and 
complementary techniques is being developed. Specifically techniques from the field of ‘cushioned' model 
membranes are being coupled with a detailed understanding of non-linear interference effects in SF spectra of thin 
films.  

 
COLL 157 Sum frequency generation spectroscopic study on phase transitions of phospholipid monolayers 
containing a poly(ethylene glycol) lipid at the air-water interface  
Koichi Itoh, Chikaomi Ohe, Yuichirou Goto, Mitsuhiro Noi, Masaya Arai, and Hiromichi Kamijo, Department of 
Chemistry, School of Science and Engineering, Waseda University, Shinjuku-ku, Tokyo, 169-8555, Japan, Fax: +81-
3-5273-2606, itohk@waseda.jp  

Vibrational sum frequency generation (SFG) spectroscopy was applied to verify the the mechanisms of the so called 
“pancake-mushroom” and “mushroom-brush” transitions, which have been proposed to explain the compression-
induced phase changes of the mixed monolayers of L-a- distearoylphosphatidylethanolamine (DSPE) and its 
derivative containing poly(ethyleneoxide) covalently coupled to the amino head group (DSPE-EO45 with 45 ethylene 
oxide monomers) at the air-water interface. The oscillator strength of an SFG band near 3200 cm-1, which was 
assigned mainly to water molecules associated with the hydrophilic PEO chains, and the relative intensities of the 
CH3 asymmetric and symmetric bands ascribable to the alkyl chains of DSPE were measured as a function of 
surface pressures (5 – 35 mN/m) and the mole fractions of the lipopolymer (1.3 – 16.7 %). The conformation 
changes elucidated by the analyses of the results were compared to the mechanisms, which have been presumed to 
explain the transitions.  

 
COLL 158 Molecular conformations of fatty acid and phospholipid monolayers at the air/water interface: A 
vibrational sum frequency spectroscopic study  
Kandice L. Harper, Laura F. Voss, Gang Ma, and Heather C. Allen, Department of Chemistry, The Ohio State 
University, 100 West 18th Avenue, Columbus, OH 43210, kharper@chemistry.ohio-state.edu  

Fatty acid and phospholipid monolayers at the air/water interface are investigated at different surface pressures by 
coupling a Langmuir trough with a broadband vibrational sum frequency spectrometer. Sum frequency results 
indicate that the conformations of saturated fatty acids are influenced by the presence of an unsaturated fatty acid in 
the monolayer. The effects of chain length and degree of unsaturation of pure and mixed surfactant monolayers are 
also presented.  



 
COLL 159 Self-assembling nanoparticles from PEG comb co-polymers using RAFT for PET, MR and NIR 
imaging  
Eric D Pressly1, Ken-ichi Fukukawa1, Benjamin W. Messmore1, Raffaella Rossin2, Michael J Welch3, Karen L. 
Wooley4, and Craig J. Hawker5. (1) Materials Research Laboratory, University of California Santa Barbara, Santa 
Barbara, CA 93106-5121, (2) Mallinckrodt Institute of Radiology, Washington University in Saint Louis, (3) Division of 
Radiological Sciences, Mallinckrodt Institute of Radiology, Washington University School of Medicine, (4) Center for 
Materials Innovation and Department of Chemistry, Washington University in Saint Louis, (5) Materials Research 
Laboratory, University of California  

The potential of nanostructured materials to impact medical technology by serving as tunable platforms for the 
presentation of ligands for tissue selective targeting, drug delivery and imaging is significant. Herein we describe the 
synthesis, self assembly, and functional testing of novel random comb co-polymers derived from methyl 
methacrylate, poly(ethylene glycol) methacrylate and functional methacrylates. These materials were synthesized 
using Radical Addition Fragmentation Transfer techniques, enabling the facile incorporation of functionality and 
control over structure. These low polydispersity co-polymers were shown to self-assemble to form nanoparticles in 
aqueous solution through the collapse of hydrophobic segments. The size of the nanoparticles can be tuned by 
varying the polymer composition and self-assembly solvent. NMR, GPC, DLS, TEM are used to characterize the co-
polymers and the self-assembled nanoparticles. Nanoparticles functionalized with PET, MR, or NIR agents are were 
used as particles for in vivo imaging.  

 
COLL 160 Synthesis and in vitro cytotoxicity studies of silica magnetic nanotubes  
Xia Bai, Department of Chemistry & Biochemistry, University of Maryland, College Park, MD 20742, Fax: 301-314-
9121, xbai@umd.edu, Anjan Nan, Pharmaceutical Sciences, Center for Nanomedicine and Cellular Delivery, 
University of Maryland, Baltimore, Sang Jun Son, Department of Chemistry and Biochemistry, University of Maryland 
CollegePark, James Shin, University of Maryland College Park, Hamid Ghandeahri, Department Of Pharmaceutical 
Sciences, University of Maryland, and Sang Bok Lee, Department of Chemistry, University of Florida  

Silica nanotubes with a layer of magnetite nanoparticles inside were synthesized as drug carriers for the study on 
targeted drug delivery. The cytotoxicity and uptake by cells were investigated. The silica nanotubes were prepared 
by surface sol-gel method with aluminum anodic oxide films as template. The dimensions of the nanotubes can be 
controlled precisely. The monodispersity of the nanotubes makes it possible to predict and control the drug loading 
and releasing and the uptake by targeted cells. The lengths of nanotubes, and thus, the thickness of the template, 
were determined by the anodization potential and time on aluminum plates. The diameter of nanotubes, that is, the 
pore size of the template was controlled by the dissolving time in phosphoric acid solution. The wall thickness of 
nanotubes was controlled on nanometer level. Another unique property of the nanotube is that its inner and outer 
surfaces can be modified separately and differently. The biocompatibility of the outer surface and drug-friendly inner 
surface are integrated effectively and efficiently. Magnetite particles deposited inside the nanotubes can take 
advantage of magnetic field assisted targeted delivery technique and serve as MRI contrast agent. Nanotubes with 
diameter of 50nm, lengths of 200 and 500 nm were prepared for cytotoxicity and uptake tests. For each length of 
nanotubes, the uptake of nanotubes by cells were compared between negatively charged outer surface and 
positively charged outside surface of nanotubes. The MTT assay results indicated low cytotoxcity of nanotubes with 
concentration up to 5ug/ml. Confocal microscopic images confirmed that the nanotube were uptaken by cells.  

 

 
COLL 161 Cancer cell diagnostics and photothermal therapy by using gold nanospheres and nanorods  
Xiaohua Huang, School of Chemistry and Biochemistry, Georgia Institute of Technology, 770 Sate Street, Atlanta, 
GA 30332, Fax: 4048947452, gtg202j@mail.gatech.edu, Ivan H El-Sayed, Otolaryngology-Head and Neck Surgery, 
Comprehensive Cancer Center, University of California at San Francisco, Wei Qian, Laser Dynamics Laboratory, 



School of Chemistry and Biochemistry, Georgia Institute of Technology, and M. A. El-Sayed, School of Chemistry 
and Biochemistry Laser Dynamic Lab, Georgia Institute of Technology  

Gold nanoparticles strongly absorb and scatter visible and near infrared light because of the strongly enhanced 
electric fields at the surface. This provides the potential of designing novel optically active reagents for simultaneous 
molecular imaging and photothermal cancer therapy. In our work, gold nanospheres and nanorods are conjugated 
with anti-epidermal growth factor receptor (anti-EGFR) antibodies that specifically target EGFR on the cancer cell 
surface. Using micro-absorption spectroscopy and dark field light scattering imaging microscopy, cancerous (HOC 
313 and HSC 3) and noncancerous cells (HaCat) can be differentiated due to the overexpression of EGFR on the 
surface of cancer cells. By irradiating the cells with a CW laser, selective photothermal cancer therapy is realized in 
visible region by using gold nanospheres and in near infrared region by using gold nanorods. The use of nanorods 
allow for in vivo therapy due to the fact that their absorption is in the near infrared region at which the laser light has 
greater tissue penetration.  

References:  

1. Ivan H. El-Sayed, Xiaohua Huang, Mostafa A. El-Sayed, Nano Letters, 2005, 5, 829. 2. Xiaohua Huang, Ivan H. 
El-Sayed, Wei Qian, Mostafa A. El-Sayed, JACS, 2006, 128, 2115. 3. Ivan H. El-Sayed, Xiaohua Huang, Mostafa A. 
El-Sayed, Cancer Letters, in press. 4. Xiaohua Huang, Prashant K. Jain, Ivan H. El-Sayed, Mostafa A. El-Sayed, 
Photochem. Photobiol., in press.  

 
COLL 162 Diagnostic and therapeutic applications of nanotechnology  
Jennifer L. West1, Rebekah Drezek1, and Naomi J. Halas2. (1) Department of Bioengineering, Rice University, 6100 
Main Street, Houston, TX 77005, jwest@rice.edu, (2) Department of Electrical and Computer Engineering and 
Deparment of Chemistry, Rice University  

Advances in nanotechnology offer the promise of revolutionary applications in medicine, from ehanced diagnostic 
capabilities that allow earlier and more accurate diagnosis of disease to more effective therapeutic strategies with 
minimal side effects. As an example, metal nanoshells designed for resonance in the near infrared are being 
evaluated for use as contrast agents for molecular imaging in cancer and also for tageted photothermal ablation of 
tumors. Moreover, it appears to be possible to accomplish both imaging and therapy with the same nanoparticle 
platform, possibly enabling 'see-and-treat' approaches to cancer. Biologically-responsive nanoparticles are also 
being developed to either provide more information about pathophysiology within a diseased tissue or to increase 
the specificity of therapeutic action.  

 
COLL 163 Plasmon-resonant nanorods as multifunctional imaging agents  
Alexander Wei1, Ji Xin Cheng1, Amy Oldenburg2, and Stephen A. Boppart2. (1) Department of Chemistry, Purdue 
University, 560 Oval Drive, West Lafayette, IN 47907-2084, Fax: 765-494-0239, alexwei@purdue.edu, (2) 
Department of Electrical and Computer Engineering, Bioengineering Program, College of Medicine, University of 
Illinois: Urbana-Champaign  

Gold nanorods have several outstanding characteristics as optical contrast agents for biomedical imaging. Their 
strong optical absorption at near-infrared (NIR) frequencies can be used to generate contrast for optical coherence 
tomography (OCT) imaging, and is well matched for detection modalities based on differential albedo. Nanorods can 
also be imaged directly by two-photon luminescence (TPL) with single-particle sensitivity, and are sufficiently bright 
to support in vivo imaging applications. TPL imaging has been used to study the uptake of ligand-functionalized 
nanorods by various cell types. Lastly, nanorods are excellent converters of light energy into heat, with direct 
application in photothermal therapy.  

 
COLL 164 Gold nanocages: Engineering their optical properties for biomedical applications  
Younan Xia, Department of Chemistry, University of Washington, 109 Bagley Hall, Seattle, WA 98195, Fax: 206-
685-8665, Jingyi Chen, Chemistry, University of Washington, Xingde Li, Department of Bioengineering, University of 
Washington, and Hui Zhang, Institute for Systems Biology  



Galvanic replacement reaction between silver template and chloroauric acid in an aqueous solution transforms 30-
200 nm silver nanocubes into gold nanocages (nanostructures with hollow interriors and porous walls). By controlling 
the molar ratio of silver to chloroauric acid, the extinction peak of gold nanocages can be continuously tuned from 
the blue (400 nm) to the near infrared (1200 nm). The gold nanocages are characterized by extraordinarily large 
cross-sections for both absorption and scattering. The absorption cross-section is more than five orders of 
magnitude larger than those of conventional organic dyes. Exposure of gold nanocages to a camera flash resulted in 
the melting and conversion of goldu nanocages into spherical particles due to photothermal heating. Discrete dipole 
approximation calculations suggest that the magnitudes of both scattering and absorption cross-sections of gold 
nanocages can be tailored by controlling their dimensions, as well as the thickness and porosity of their walls. 
Bioconjugated gold nanocages with specific antibody can serve as a molecular probe to target a specific cancer cell 
line. This novel class of hollow nanostructures is being developed as both a contrast agent for optical imaging in 
early-stage tumor detection, and as a therapeutic agent for photothermal cancer treatment.  

 
COLL 165 Ultrasound theranostics: Colloids in nanomedicine  
Andreas Briel, Michael Reinhardt, and Peter Hauff, Research Laboratories, Diagnostic Imaging, Schering AG, 
Müllerstr. 170-178, Berlin 13342, Germany, Fax: ++49-30-4681 6773, andreas.briel@schering.de  

One major challenge facing the pharmaceutical industry today is to develop contrast-enhancing agents for molecular 
imaging. Molecular imaging selectively tracks down molecules and cell structures to be able to establish proof of 
diseases at a very early stage – and then to make decisions on a highly individual treatment. The next 
straightforward vision of medical imaging lies in the concept “Find, Fight and Follow.” In radiopharmaceuticals we are 
already pursuing the approach of a triad consisting of early diagnosis, therapy and therapy control. Utilizing the 
nanotechnological concepts of colloid- and interface science imaging on a molecular level can also be achieved via 
diagnostic ultrasound using tiny gas-filled polymer particles coupled to target-specific ligands. Additionally, 
nanosized polymeric drug carriers for targeting and controlled release have been extensively studied in the past. 
Passive and active targeting can be attained by carefully chosen size and surface modification of the carrier. 
Moreover, a ‘smart' drug release can be achieved by applying an external stress to the drug carrier. If the drug 
carrier is appropriately designed, release can be induced by diagnostic ultrasound. Building a bridge between 
therapy and diagnosis opens the field of “Theranostics”. With a “Find, Fight and Follow” strategy, the tissue of 
interest first can be imaged via target-specific ultrasound contrast particles. In a second step, the same particles, 
now filled with a pharmacologically active agent, can be used for therapy. Finally, monitoring of treatment effects is 
possible by sequential imaging. This nanotechnological approach will be presented with special emphasis on 
polymer nanoparticle and microcapsule formation, the control of colloidal structure, surface modification and the 
resulting in-vitro properties as an “Ultrasound-Theranostic”. Investigations with different drugs and targeting sites 
demonstrate that the approach can serve as a platform technology. In-vivo results will be addressed briefly.  

 
COLL 166 Visualization of quantum dots for cancer diagnostics and therapeutics  
Brigitte Papahadjopoulos-Sternberg1, Kevin C. Weng2, and John W. Park2. (1) UOP, Dental School, 
Nanoanalytical Laboratory, 3951Sacramento Street, San Francisco, CA 94118, Fax: 415-831-2813, 
brigitt@nanoanalytical.org, (2) Division of Hematology and Oncology, UCSF, Department of Medicine, UCSF Cancer 
Center  

Quantum dots (QDs) are a new class of promising fluorescent probes for many biological and biomedical 
applications due to their advantages over conventional dyes. Tremendous effort has been dedicated to design and 
optimize nanoscale targeted drug delivery systems including target-specific liposomal therapeutics displaying 
remarkable anti-tumor efficacy and mild toxicity profiles /1/. Our aim is to incorporate QDs into immunoliposomes to 
develop novel molecular imaging agents for applications in cancer diagnosis and treatment. Freeze-fracture electron 
microscopy (ff-em) is a powerful technique to characterize drug/gene carriers /2-4/. Using ff-em we visualized 
carboxyl QDs, naked and complexed with liposomes and HER-2-tageting Ils. Using ff-em naked QD appear as 
small, mostly spherical particles. The main diameters of the QDs investigated is 11±2 nm. QD's always display their 
shadows behind the structure what is characteristic for hard-core particles. The liposomes of both complex types 
display clearly convex and concave fracture faces what is characteristic for bilayer vesicles such as liposomes/2-4/. 
Especially in the QD-IL-complex preparation the QDs seem to decorate the contact areas between the liposomes 
riveting the liposomes closely together. References: /1/Park, J.W. Liposome-based drug delivery in breast cancer 
treatment. Breast Cancer Res. 4:95-99, 2002. /2/Torchilin, V.P., Levchenko, T.S., Rammohan, R., Volodina, N., 



Papahadjopoulos-Sternberg, B., and D'Souza, G.G. Cell transfection in vitro and in vivo with nontoxic TAT peptide-
liposome-DNA complexes. PNAS. 100:1972-1977, 2003. /3/Torchilin, V.P., Lukyanov, A.N., Gao, Z., and 
Papahadjopoulos-Sternberg, B. Targeted pharmaceutical carriers for poorly soluble drugs. PNAS. 100:6039-6044, 
2003. /4/Bell, P.C., Hurley, A., Nicol, A., Guenin, E., Wong, J.B., Pilkington-Miksa, M.A., Sarkar, S., Writer, M., 
Barker, S.E., Papahadjopoulos-Sternberg, B., Shamlou, P.A., Hailes, H.C., Hart, S.L., Zicha, D., and Tabor, A.B. 
accepted at Biochemistry 2006.  

 
COLL 167 Cross-linked, block-copolymer shells stabilize nanoparticle cores against biological extremes  
T. Andrew Taton, Department of Chemistry, University of Minnesota, 455 Kolthoff Hall, 207 Pleasant St. SE, 
Minneapolis, MN 55455, Fax: 612-626-7541  

Nanoparticles are increasingly used in biomedical diagnostics and imaging, but it has been difficult to engineer 
nanoparticles than can survive unusually extreme conditions--such as the high temperatures of a PCR reaction or 
the acidic pH of the stomach. Encapsulating nanoparticles within block-copolymer micelles, such that each 
nanoparticle is surrounded by a shell of glassy hydrophobic polymer, sufficiently protects quantum dot, magnetic or 
metallic nanoparticles such that they survive these conditions. In addition, the copolymer provides chemical 
functionality for bioconjugate chemistry. Overall, the unique stability of micelle-encapsulated nanoparticles translates 
to application in a number of biotechniological protocols.  

 
COLL 168 Engineering artificial envelopes for non-enveloped viral nanoparticles  
Ravi Singh and Kostas Kostarelos, Centre for Drug Delivery Research, The School of Pharmacy, University of 
London, 29-39 Brunswick Square, London WC1N 1AX, United Kingdom, kostas.kostarelos@pharmacy.ac.uk  

We have explored the possibility to nanoengineer the viral surface by interacting adenovirus (Ad) with lipid bilayers. 
The interaction of adenovirus with preformed liposomes from dimyristoyl phosphatidylcholine (DMPC) and 
cholesterol (Chol) was characterized. A high degree of association between liposomes and Ad can be identified by 
electron microscopy (TEM) analysis. Most strikingly, gene transfer experiments demonstrate that Ad infectivity can 
be positively and negatively modulated by Ad surface modification achieved by mixing Ad with different 
concentrations of DMPC:Chol liposomes. Moreover, interaction with model tumor spheroids indicates that deeper 
penetration and diffusion of the virions can be achieved. These results indicate that it may be possible to engineer 
viral nanoparticles and alter adenoviral tropism through interaction with zwitterionic phosphtidylcholine and 
cholesterol containing liposomes.  

 
COLL 169 Atomic-level structures and mechanisms for visible-light photochemical and thermal reactions on 
TiO2(110) and (001) surfaces  
Yasuhiro Iwasawa, Department of Chemistry, Graduate School of Science, The University of Tokyo, Hongo, 
Bunkyo-ku, Tokyo 113-0033, Japan, Fax: 81-3-5800-6892, iwasawa@chem.s.u-tokyo.ac.jp  

The origin of high activity and selectivity in catalysis has not been adequately addressed and is a serious challenge 
to surface science and catalysis. The requirement and design of surface structures and quantitative ensemble sizes 
for efficient catalysis represent important but as yet unaddressed challenges to metal-oxide chemistry. This study 
documents how and why photo and thermal HCOOH reactions are promoted on TiO2(001) and (110) surfaces in 
coupling with the geometric structures and electronic states, by identifying the essential issues for their functions by 
STM, DFT, and other analysis techniques.  

 
COLL 170 Surface chemistry on rutile  
J. M. White1, Zhenrong Zhang2, Oleksander A. Bondarchuk3, Zdenek Dohnalek4, Bruce Kay4, and MA. Henderson4. 
(1) Institute for Interfacial Catalysis, Pacific Northwest National Lab and University of Texas, Pacific Northwest 
National Laboratory, P.O. Box 999, Richland, WA 99352, jm.white@pnl.gov, (2) Department of Chemistry and 
Biochemistry, Center for Materials Chemistry, University of Texas at Austin, TX 78712, (3) Center for Materials 
Chemistry, University of Texas, (4) Pacific Northwest National Laboratory  



The rutile form of titania, and particularly the [110] surface has become the prototypical substrate for scanning probe 
studies of model system metal oxide surface chemistry. This presentation will present recent progress at PNNL 
using this substrate as a platform for examining the photochemistry and thermal chemistry of organic oxygenates in 
the presence and absence of nanoclusters of tungsten trioxide.  

 
COLL 171 Halobenzene adsorption on vicinally-stepped NiO(001)  
Erin M Marsh, Sarah C Petitto, and Marjorie A Langell, Department of Chemistry, University of Nebraska-Lincoln, 
Hamilton Hall, Lincoln, NE 68588-0304, Fax: 402-472-7860, erinmmarsh@hotmail.com, mlangell@unlserve.unl.edu  

Vicinally-stepped NiO(001) substrates with steps oriented along <001> have been prepared with six and seven atom 
terraces, and the substrates have been characterized by AES, XPS, and LEED. Their reactivity to halobenzene 
adsorption was then compared to unstepped NiO(001) with XPS, TDS and HREELS to model the effect of defects 
on metal oxide surface reactivity. Chlorobenzene, bromobenzene, and iodobenzene adsorb molecularly on both 
stepped and unstepped substrates, but through different bonding mechanisms. On unstepped NiO(001), the 
monolayer is observed with a ring-flat adsorbate geometry, whereas the ring is tilted relative to the terrace plane 
upon the vicinally-stepped NiO(001). Stepped surfaces also show enhanced reactivity relative to that of their 
unstepped parent substrate. In TDS, halobenzene adsorption results in dehalogenation to benzene with the halogen 
remaining on the surface in coverages correlating with step density. Upon saturation of step sites, dehalogenation 
ceases and only molecular halobenzene is observed to desorb.  

 
COLL 172 Vanadium oxide catalysts in AAO scaffolds  
Peter C. Stair1, Hao Feng1, Aswini K. Dash2, Tobin J. Marks2, Harold H. Kung3, Mayfair C. Kung1, Jeffrey W. Elam4, 
and Michael J. Pellin5. (1) Center for Catalysis and Surface Science, Department of Chemistry, Northwestern 
University, 2145 Sheridan Road, Evanston, IL 60208-3113, Fax: 847-467-1018, pstair@northwestern.edu, (2) 
Department of Chemistry, Northwestern University, (3) Department of Chemical and Biological Engineering, 
Northwestern University, (4) Energy Systems Division, Argonne National Laboratory, (5) Materials Science Division, 
Argonne National Laboratory  

Nanostructured membranes based on anodic aluminum oxide (AAO) modified by atomic layer deposition (ALD) offer 
a platform for catalysts with highly uniform, controllable pore dimensions and highly flexible wall compositions. A 
series of supported vanadium oxide catalysts have been synthesized using ALD to produce a desired support (e.g. 
Al2O3, TiO2, Nb2O5) followed by impregnation of vanadium oxide by either ALD, incipient wetness, or organometallic 
precursor deposition. The catalytic performance of these materials was investigated for the oxidative 
dehydrogenation of cyclohexane. Characteristic differences in the specific activity and selectivity were observed for 
this reaction depending on the method of catalyst preparation. In this presentation the relationship between catalytic 
performance and supported vanadium oxide structure will be discussed.  

 
COLL 173 Catalysis science of surface metal oxide catalytic active sites  
Israel E. Wachs, Operando Molecular Spectroscopy and Catalysis Laboratory, Department of Chemical 
Engineering, Lehigh University, 7 Asa Drive, Bethlehem, PA 18015, Fax: (610)758-6555, iew0@lehigh.edu  

Surface metal oxide sites represent the catalytic active sites present in oxide-based catalytic materials(zeolites, 
supported metal oxides, heteropolyoxo anions, bulk mixed metal oxides and clays). Recent in situ and operando 
Raman, IR and UV-Vis DRS characterization advances are allowing for the complete determination of the molecular 
and electronic structures of the surface metal oxide catalytic active surface sites under reaction conditions. 
Combination of the molecular and electronic structural information with the corresponding kinetics of the surface 
chemistry is allowing, for the first time, the establishment of molecular/electronic structure-activity/selectivity 
relationships. These fundamental studies with molecularly designed metal oxide catalysts are allowing for the direct 
determination of the number of catalytic active sites involved in a specific catalytic reaction (one, two or greater), the 
relative contributions of isolated and polymeric surface metal oxide sites as well as oxide nanoparticles, the role of 
the oxide support ligand, the effect of cation oxidation state, and the mechanism by which promoters influence 
specific catalytic reactions.  

 



COLL 174 Titanium oxide films for photoreduction of metal nanoparticles  
Paul S. Cremer1, Wei-SSu Liao2, Edward, T. Castellana1, Tinglu Yang1, and Sho Kataoka1. (1) Department of 
Chemistry, Texas A&M University, MS 3255, College Station, TX 77843, Fax: 979-845-7561, 
cremer@mail.chem.tamu.edu, (2) Chemistry Department, Texas A&M University  

Thin titanium oxide films ranging in thickness from 1 to 10 nm can be easily prepared on silica and glass supports 
from titanium isopropoxide precursors in a matter of a few minutes. Such films have an isoelectric point near pH 5.5 
in water as determined by infrared-visible sum frequency spectroscopy. Moreover, these films can serve as 
photocatalytic platforms for the reduction of metal ions from solution into surface supported nanoparticles. Metals 
such as Ag, Pd, Pt, Cu, and Au can be deposited and the size of the nanoparticles formed can be tuned from a few 
nanometers to over 100 nm. Via photolithographic patterning, we have also been able to pattern metal nanoparticle 
films into micron-sized structures of arbitrary geometry inside microfluidic channels. Finally, the use of these films as 
biosensor will be discussed.  

 
COLL 175 Nanotechnology, surface chemistry and catalysis: Past, present and future  
Bing Zhou, Headwaters NanoKinetix, Inc, 1501 New York Avenue, Lawrenceville, NJ 08648, Fax: 609-394-9602, 
bzhou@headwaters.com  

Nanotechnology is fundamentally about manipulating and making materials at the atomic and molecular level. While 
many people consider this a new field yielding cutting-edge applications to consumer products, catalysis researchers 
and the chemical industry have been working in this area for decades. What we call nanoparticle catalysis today 
actually began in the 1950s. This was a time when research labs, in an attempt to reduce the cost for large 
commercial applications, developed supported noble (or precious) metal catalysts with particle sizes of less than 100 
nm—“nanotechnology” is defined as the understanding and control of matter with dimensions less than 100 nm. In 
the following decades, researchers in catalysis turned their efforts to controlling molecular structure as well as size. 
The catalyst zeolite paved the way. In the late 1960s, researchers at Mobil Oil Co. were able to synthesize zeolite by 
deliberately designing and preparing the structure of catalysts at the atomic and molecular levels. The resulting 
nanostructured crystalline material (ZSM-5)—with a 10-atom ring and pore size of 0.45-0.6 nm—enabled the control 
of selectivity in petrochemical processes at the molecular level.  

Such nanoparticle catalysts have revolutionized the petrochemical industry. Today, zeolite catalysts are used in 
processing over seven billion barrels of petroleum and chemicals annually. Chemical catalysis research and 
development have been conducted at the nanoscale ever since. The recent development of advanced tools for 
characterizing materials at the nano- or sub-nanoscale provides scientists with new insights for understanding and 
improving existing catalysts and clues for ways to design new nanostructured materials for making better catalysts. 
The chemical industrial applications for these advances in nanocatalysis are significant and growing, and the market 
potential is only just beginning to be realized.  

 
COLL 176 On the nanometric scale: A theoretical search for the most reactive TiO2 material  
Lluis Maldonado1, Christian Minot1, Monica Calatayud1, and Israel E. Wachs2. (1) Laboratoire de Chimie Théorique, 
Université P. et M. Curie, 4 Place Jussieu case 137 75252 Cedex 05, Paris, France, Fax: 33-1-44-27-41-17, 
maldo@lct.jussieu.fr, minot@lct.jussieu.fr, (2) Operando Molecular Spectroscopy and Catalysis Laboratory, 
Department of Chemical Engineering, Lehigh University  

We report a search for effects upon reactivity of size and morphology of the same material TiO2. Selected small 
clusters with (TiO2)n stoichiometry (n=1 to 24) are calculated and compared to infinite systems like polymers and 
surfaces. Nanosized TiO2 clusters, polymers and surfaces are analyzed as a function of size, electronic gap and 
LUMOs. The atomic adsorption of hydrogen has been chosen as a test characterizing reactivity. It has the 
advantage of being simple and to imply a charge transfer. We expect finding an optimal size resulting as a 
compromise between building an O-H bond (in general easier to perform on small size materials) and transferring an 
electron (easier when the electronic gap of a material is small which the case of large materials is). Large adsorption 
energies are observed for some clusters of intermediate size although other factors such as flexibility could also play 
a determinant role. The mixed system of TiO2 monomers adsorbed on TiO2 crystal surface represents the best 
compromise between small and large systems.  



 
COLL 177 Pursuing kinetic generalities for catalytic reactions on solid surfaces  
Shinichi Ichikawa, College of Arts and Sciences, Graduate School of Sciences, Tokyo Woman's Christian 
University, 2-6-1 Zempukuji, Suginamiku, Tokyo 167-8585, Japan, Fax: 81-3-5382-0803, shinichi@lab.twcu.ac.jp  

Continuation of research towards developing generalities is an important scientific endeavor. One such topic is the 
understanding of general behavior in surface catalysis. The optimum condition for the maximum rate of a catalytic 
reaction taking place on a single crystal or on a polycrystal was shown to be a simple identity x=α[1]. Here, α is 
Polanyi parameter of Polanyi relation [2] and x is a fractional surface coverage of a key adsorbate which also relates 
to its binding energy and stability. This identity obtained analytically as exact solution can now be shown for any 
uniformly (or evenly) nonuniform binding states described by a monotonous function f(x). This means that the heat of 
adsorption Q can be described to a first approximation by a continuous function f(x) of any general form where Q 
decreases with x with nonuniformity parameter β, viz. Q=Qo-RTβf(x). Volcano behavior (Sabatier's principle), 
structure sensitivity [1,3] and compensation effect [4,5] can now be discussed together under the same scheme 
which are all consistent with Polanyi relation. Also a ‘kinetic balancing' between elementary steps will be discussed 
where certain rules apply for the rate constant and Polanyi parameter of each elementary step. What is sorely 
needed is the systematic evaluation of Polanyi parameter on well-defined surfaces, and suggestions will be made for 
further studies on this point. References:[1] S. Ichikawa, J. Phys. Chem., 92, 6970 (1988) [2] C.Evans and 
M.Polanyi,Trans.Faraday Soc.,34,11(1938). [3] S.Ichikawa, Catal. Lett., 3, 197 (1989). [4] S.Ichikawa,4th Japan-
China-U.S.A. Symposium on Catalysis, Sapporo,1989. [5]T.Bligaard et al., J.Phys.Chem.,107,9325(2003).  

 
COLL 178 Dynamic restructuring of Au(111) during oxidation reactions  
C. M. Friend1, Xingyi Deng2, and BK. Min1. (1) Department of Chemistry & Division of Engineering & Applied 
Sciences, Harvard University, 12 Oxford Street, Cambridge, MA 02138, Fax: 617-496-8410, 
friend@chemistry.harvard.edu, (2) Department of Chemistry, Harvard University  

Dynamic restructuring of Au(111) during oxidation reactions was observed using scanning tunneling microscopy. 
Oxidation of the surface induces release of Au from the surface so as to produce undercoordinated Au atoms that 
contain reactive oxygen. The conditions used for oxidation affect the morphology of the surface and the bonding of 
the oxygen to the surface. Different forms of oxygen exhibit different reactivity for CO and olefin oxidation.  

 
COLL 179 Local investigaton of electron induced modifications of single molecules  
Karina Morgenstern, Institut fuer Festkoerperphysik, Universitaet Hannover, Appelstr. 2, 30167 Hannover, 
Germany, Fax: 0049-511-762-4877, morgenstern@fkp.uni-hannover.de  

The scanning tunneling microscope (STM) is used to verify electron induced chemical reactions on single molecules 
adsorbed on metal surfaces. The method is based on high-resolution imaging at low-temperature (5K) that allows us 
to identify different groups within the molecule. On the one hand, chemical reactions are induced by injecting 
inelastically tunneling electrons from the STM tip selectively into specific parts of the molecule. This method allows 
to determine energy thresholds for reactions and to identify reaction mechanisms. On the other hand, femto-second 
laser irradiation leads to hot electrons within a metal that likewise induce chemical reactions on adsorbed molecules. 
This method allows following successive reaction steps at large ensembles of molecules. In both cases the success 
of the induced reactions is visualized in STM images taken afterwards. This local method allows identification of 
reaction's dependencies on the local environment of the molecules. We have combined the two methods and 
compare reactions on molecules as carbon monoxide, heavy water, chlorobenzene and azobenzene derivates.  

 
COLL 180 Dynamics of long-range interacting C60 and C70 fullerenes hosted in a 2D-nanoporous porphyrin 
network  
Hannes Spillmann1, Andreas Kiebele1, Meike Stohr1, Thomas A. Jung2, Davide Bonifazi3, Fuyong Cheng3, and 
Francois Diederich3. (1) NCCR Nanoscale Science, University of Basel, Klingelbergstr. 82, Basel 4056, Switzerland, 
Fax: +41-61-267-3784, h.spillmann@unibas.ch, (2) Laboratory for Micro- and Nanotechnology, Paul Scherrer 
Institute, (3) Organic Chemistry Laboratory, Swiss Federal Institute of Technology (ETH)  



Nanoporous phases consisting of metallo-porphyrins and their derivatives are increasingly attracting interest in 
materials chemistry. Their chemical versatility and structural similarity to zeolites makes them promising candidates 
for the fabrication of multifunctional materials with various potential applications as catalysts, molecular sieves, and 
chemical sensors. Herein, we report for the first time on a 2-dimensional (2D) porphyrin-based supra- molecular 
assembly featuring a porous network structure on a single crystal metal sur-face. Scanning tunneling microscopy 
(STM) studies show that porphyrin 1 (see Fig. 1b) self-organizes into an ordered porous molecular monolayer upon 
vapor deposition on a Ag(111) surface. Subsequent co- deposition of C60 or C70 results in the selective inclusion of 
the fullerenes within the cavities. Time-lapse STM imaging experiments at the molecular scale additionally reveal 
that the weak physisorptive interactions between host network and guest molecules allow single fullerenes to 
displace themselves to neighboring pores by thermal activation at 298 K (see Fig. 1a, c, d; scan range: 30 x 30 nm2). 
Due to unequal host-guest interactions, the two different fullerenes show a pronounced dissimilar mobility. 
Furthermore, long-range (3.3 nm) and coverage-dependent interactions between the all-carbon guests have been 
observed which clearly affect their mobility and are likely mediated by a complex mechanism involving the Ag 
substrate and the flexible porphyrin host network. At increased fullerene coverage, this unprecedented interplay 
results in the formation of fullerene chains and islands. Interpretation of these spectacular guest molecule dynamics 
within a lattice gas model with nearest-neighbor interactions and evaluation of the fullerene pair distribution 
functions, allowed for the estimation of the respective coverage-dependent guest-guest interaction energies.  

 

 
COLL 181 Motion and reaction of single molecules induced by inelastically tunneled electron  
Maki Kawai, Surface Chemistry Laboratory, RIKEN, Institute of Chemical and Physical Research, 2-1, Hirosawa, 
Wako, Saitama 351-0198, Japan, maki@riken.jp  

Inelastic electron process that leads to vibrational excitation has attracted much attention. Considering that the 
conduction electrons passes through the electronic state crossing the Fermi level or hopping through the HOMO or 
LUMO state of the molecule, the electronic state that appears close to the Fermi level of the electrode should play a 
crucial role in the elemental process. The inelastic tunneling process of electrons between the tip of an STM and the 
target molecule at metal surfaces lead to various dynamical motion of molecules at surfaces, such as desorption, 
lateral hopping, rotation and chemical reaction via the excitation of vibrational modes of adsorbed molecules. The 
vibrational modes that are excited through the process could be defined through the response of the molecular 
motion to the applied bias voltage, i.e. action spectrum. Action spectra for hopping motion of cis-2-butene on 
Pd(110), cleavage of dimethl-disulfide on Cu(111) and hopping motion of cleaved product methyl-thiol show clear 
thresholds in bias voltage that are equivalent to certain vibration modes, the excitation mechanism of which can be 
understood by the resonant tunneling mechanism. When the electron jumps into or out of a certain molecular orbital, 
molecules will temporally go through the negative or positive ion state, where vibration states can be excited, during 
the relaxation process.  

 
COLL 182 Asymmetric behavior of dynamic motion of an Ag atom in the two half unit cells on Si(111)7x7  
Xudong Xiao, Department of Physics, Hong Kong University of Science and Technology, Clear Water Bay, 
Kowloon, Hong Kong, China, phxudong@ust.hk  

Silver on silicon forms an abrupt interface and has been an ideal model system for metal/semiconductor interface 
study for many years. However, our knowledge on the initial stage of Ag growth and the dynamics of single Ag 
atoms is very limited. Using a new mode of scanning tunneling microscopy, we have observed interesting behaviors 
on the intra-half-unit-cell diffusion of a single Ag atom on a Si(111)7x7 surface over a large range of temperatures. 
Strong asymmetric behaviors in terms of intra-diffusion barrier and electric field effect between a single Ag atom in 
the faulted and unfaulted half unit cells are found, in contrast to many other metallic adsorbing species such as Cu 
and Au on this surface. Our observations is consistent with a picture that Ag diffuses within the “basin” at a fast rate 
but crosses the “basins” at a slow rate in the unfaulted half unit cell, while in the faulted half Ag diffuses randomly 
over the entire half unit cell without such distinction.  



 
COLL 183 Local coverage dependence of CO diffusion on Cu(111)  
Kin L Wong, B. V. Rao, Greg Pawin, Erick Ulin-Avila, and Ludwig Bartels, Department of Chemistry, University of 
California, Riverside, Pierce Hall, Riverside, CA 92521, Fax: 951-787-4713, kinwong@usc.edu  

The diffusion of CO molecules on Cu(111) has been studied using time-lapsed scanning tunneling microscopy 
(STM). The diffusivity of a CO molecule was found to depend significantly on its local coverage in its vicinity: e.g. a 
CO molecule having some 5 molecules on the surrounding 100 substrate atoms has a 3 times higher diffusion rate 
than an isolated molecule. Analysis of the trajectories of pairs of CO molecules show that at close proximity the 
dominant diffusion direction is orthogonal to the intermolecular vector. At larger intermolecular distances, the 
diffusion direction becomes more isotropic. The diffusion barrier for isolated CO molecules was found to be 75 ± 5 
meV at a prefactor of 107 Hz. Taking into account the diffusion directions as well as the intermolecular distances, the 
2D diffusion potential of a CO in the vicinity of another CO can be reconstructed from the STM data at a relative 
energy resolution of better than 1 meV.  

 
COLL 184 Field regulation of single molecule conductivity by a charged atom  
Robert A. Wolkow, National Institute for Nanotechnology, Edmonton, AB abc 123, Canada  

A new concept for a single molecule transistor is demonstrated [1]. A single chargeable atom adjacent to a molecule 
shifts molecular energy levels into alignment with electrode levels, thereby gating current through the molecule. 
Seemingly paradoxically, the silicon substrate to which the molecule is covalently attached provides 2, not 1, 
effective contacts to the molecule. This is achieved because the single charged silicon atom is at a substantially 
different potential than the remainder of the substrate. Charge localization at one dangling bond is ensured by 
covalently capping all other surface atoms. Dopant level control and local Fermi level control can change the charge 
state of that atom. The same configuration is shown to be an effective transducer to an electrical signal of a single 
molecule detection event.  

Because the charged atom induced shifting results in conductivity changes of substantial magnitude, these effects 
are easily observed at room temperature.  

[1] Paul G. Piva1,Gino A. DiLabio, Jason L. Pitters, Janik Zikovsky, Moh'd Rezeq, Stanislav Dogel, Werner A. Hofer 
& Robert A. Wolkow, Field regulation of single-molecule conductivity by a charged surface atom, NATURE 435, 658-
661 (2005)  

 
COLL 185 X-ray photoemission and surface microscopy studies of chemistry at the vapor-solid and vapor-
liquid interface of environmentally relevant aqueous solutions  
John C Hemminger1, Matthew A. Brown1, Maria J. Krisch1, Sutapa Ghosal2, Hendrik Bluhm3, Simon Mun3, and 
Miguel Salmeron4. (1) Department of Chemistry and AirUCI, University of California at Irvine, Irvine, CA 92697, Fax: 
949-824-3168, jchemmin@uci.edu, (2) Lawrence Livermore National Laboratory, (3) Chemical Sciences Division, 
Lawrence Berkeley National Laboratory, (4) Materials Sciences Division, Lawrence Berkeley National Laboratory  

X-ray photoelectron spectroscopy and surface imaging experiments have been used to monitor the near surface 
composition and morphology of salts as a function of relative humidity up to deliquescence. The oxidation of 
halogens in alkali halides by gas phase ozone has been studied using both conventional XPS and ambient pressure 
XPS at the LBNL ALS. Ozone reactions with KI, NaBr, and NaCl both dry and in the presence of water will be 
discussed. In addition the surface composition of mixed alkali halide salts as a function of relative humidity will be 
discussed.  

 
COLL 186 Oxidation of aerosolized iodide by gaseous ozone  
Chad D. Vecitis, Jie Cheng, A. J. Colussi, and Michael R. Hoffmann, Environmental Engineering Science, California 
Institute of Technology, W. M. Keck Laboratories 138-78, 1200 E. California Blvd., Pasadena, CA 91125, 
vecitis@caltech.edu  



Photoactive halogen diatoms are presumed to be released during the oxidation of halide ions in the marine aerosol 
by atmospheric species. These processes are not elementary but, necessarily, involve the mass accommodation of 
gaseous oxidants at the air/aerosol interface, followed by oxidant/halide ion reactions at the interface as well as in 
the bulk, in competition with oxidant diffusion into the medium and product diffusion out of the aerosol phase. The 
formation of highly oxidized species, reflecting the delayed release of primary products, could provide evidence on 
the location and timing of the oxidative events. Online electrospray ionization mass spectrometry let us detect a 
variety of polyatomic oxo-iodine species, in addition to gas-phase molecular iodine, during the oxidation of aqueous 
iodide solutions aerosolized into a chamber flushed with ozone/oxygen mixtures. Iodide oxidation rates and product 
distributions are found to depend on initial pH, revealing in situ aerosol droplet chemistry.  

 
COLL 187 On the interfacial reaction mechanism between OH and Cl-: A detailed description of the 
mechanism leading to release of gaseous Cl2 from marine aerosols  
Raffaella D'Auria1, Douglas J. Tobias1, R. Benny Gerber2, Yifat Miller3, and Sotiris S. Xantheas4. (1) Department of 
Chemistry and AirUCI, University of California at Irvine, 1120 Natural Sciences 2, Irvine, CA 92697-2025, Fax: (949) 
824-8571, rdauria@uci.edu, (2) Department of Chemistry, University of California, Irvine, (3) Departments of 
Chemistry, Hebrew University, (4) Chemical Sciences Division, Pacific Northwest National Laboratory  

Previous results from this group have shown that halogen ions, such as chloride, have a tendency to accumulate 
toward the interface of marine aerosols. Here they have a chance to react with gas phase OH radicals and produce 
gas phase molecular chlorine, which enters the cycle of production and removal of tropospheric ozone [Knipping et 
al., Science, 288, 301, 2000]. The reaction between Cl- and OH has been investigated by means of BLYP Car-
Parrinello and via BLYP Born-Oppenheimer molecular dynamics simulations, self interaction correction was imposed 
on the latter. Electronic structure computations at the uMP2 and CASSPT2 level have been carried out to 
characterize ground and excited states of the gas phase OHCl- and the OHCl-(H2O)n (with =1,2) complexes. Results 
from the different methods will be presented. The degree of applicability of the current available ab initio molecular 
dynamics schemes to open shell problems, will be addressed in some detail.  

 
COLL 188 Effects of magnesium dication on the interfacial propensity of chloride anion: A molecular 
dynamics study  
Karen M. Callahan1, Martina Roeselová2, and Douglas J. Tobias1. (1) Department of Chemistry and AirUCI, 
University of California at Irvine, Irvine, CA 92697, callahak@uci.edu, (2) Institute of Organic Chemistry and 
Biochemistry and Center for Biomolecules and Complex Molecular Systems, Academy of Sciences of the Czech 
Republic  

Field studies and laboratory measurements have demonstrated molecular chlorine production via oxidation of sea 
salt aerosol by hydroxyl radical. A surface mechanism for chlorine production was proposed based on molecular 
dynamics simulations of concentrated sodium chloride solutions, which predicted that chloride anions adsorb to the 
solution-air interface. Seawater has one magnesium dication for each eight sodium cations. The present study seeks 
to quantify the effects of magnesium dications on the interfacial propensity and reactivity of chloride anion. Molecular 
dynamics simulations of concentrated magnesium chloride and sodium chloride solutions, and a model of seawater 
were performed. The simulations show that the presence of magnesium dications does not effect the interfacial 
distribution of chloride anions. Also, the simulations predict that magnesium dications displace sodium cations in the 
subsurface layer of the model sea water system, inducing changes of the interfacial solvent structure that could 
influence the surface reactivity of chloride anion.  

 
COLL 189 Thermodynamics and nucleation rates of aqueous aerosols from first-principles calculations  
D. J. Doren, J. Liu, H. Dong, and R. H. Wood, Department of Chemistry and Biochemistry, University of Delaware, 
Newark, DE 19716, Fax: 302-831-6335, doren@udel.edu  

A combination of molecular dynamics simulations and ab initio calculations has been used to develop a molecular 
scale theory of aqueous aerosol formation. Simulations with an approximate interaction potential are used to obtain 
a sample of molecular cluster configurations at a given temperature, and the interaction energy for each 
configuration is calculated with second-order Moller-Plesset perturbation theory (MP2). The free energy of formation 
of the clusters is determined by an average over the configurations, and the accuracy of the result is limited only by 



the quality of the ab initio calculation. The temperature dependence and the transition state rate of cluster 
evaporation can also be readily determined from the method. Results will be described for water and sulfuric acid-
water clusters.  

 
COLL 190 Aerosol nucleation rates of sulfuric acid and water measured under atmospheric conditions  
Shanhu Lee, Chemistry, Kent State University, 302/304 Williams Hall, PO Box 5190, Kent, OH 44242, 
slee19@kent.edu  

Nucleation is a gas to particle conversion process in which solid or liquid aerosol particles form directly from the gas 
phase species and thus is an important step in the chain of reactions that lead to cloud formation. However, the 
nucleation mechanisms are poorly understood. There are presently large discrepancies amongst the measured 
nucleation rates by different laboratory studies; nucleation rates taken under the atmospheric conditions are very 
rare. We perform laboratory experiments of aerosol nucleation under the atmospheric conditions with a novel 
chemical ionization mass spectrometer (CIMS) and nano-particle differential mobility analyzer (Nano-DMA) and 
water condensation nuclei counter (WCPC). Our CIMS measures low concentrations of sulfuric acid (down to 1e-6 
cm-3). Measurements of Nano-DMA and WCPC provide aerosol nucleation rates. An atmospheric pressure flow 
reactor is used to photochemically produce sulfuric acid particles from the reactions of OH and sulfur dioxide. Sulfur 
dioxide is also detected by CIMS. OH forms from the photo-dissociation of water vapor using a mercury lamp and 
the OH concentrations are calculated based on the known photochemical reaction rates and measured photon 
fluxes. We will compare our particle nucleation rates with those by Berndt et al. (2004) that show relatively high 
concentrations of sulfuric acid and water nucleation rates comparable to the atmospheric observations.  

 
COLL 191 Simulating ternary vapor-liquid nucleation of water/n-nonane/1-butanol mixture  
Ricky B Nellas and Bin Chen, Department of Chemistry, Louisiana State University, Rm 400 Choppin Hall, Baton 
Rouge, LA 70802, rnella1@lsu.edu  

Nucleation plays a very important role in understanding aerosol formation and its general fate in the environment. 
For instance, atmospheric reactions of water and other vapors at specific conditions could lead to formation of acid 
rain or depletion of the ozone layer. With our current success in probing unary and binary vapor-liquid nucleation and 
in our ambition to go hand in hand with experimentalists, we extended the applicability of the AVUS_HR approach to 
a more challenging yet practical exploration of a sample ternary nucleating system, water/n-nonane/1-butanol 
mixture. The calculated free energy maps reveal intriguing features on how three-component system nucleate. Non-
ideality was also observed based on the experimentally confirmed onset activities and molecular content of critical 
nuclei. Although, it was speculated experimentally that the critical clusters undergo phase separation, our result 
showed otherwise, namely, these components do come together under certain conditions and form a mixed nuclei. 
Finally, to cater to experimentalists' quest to view the arrangement of molecules in the critical cluster, we now 
expose a vivid picture on how molecules orient themselves in the cluster and more importantly at the cluster-vapor 
interface. Such molecular-level details have important implication to heterogeneous environmental chemistry, in 
particular, in understanding the adsorptive and reactive processes through the environmental interface.  

 
COLL 192 Understanding the surface composition and structure of nitric acid solutions  
Geraldine L. Richmond and Melissa C. Kido-Soule, Department of Chemistry, University of Oregon, Eugene, OR 
97403, Fax: 541-346-5859, richmond@uoregon.edu  

Nitric acid is important in many atmospheric processes from ozone depletion in polar stratospheric clouds to the 
cycling of nitrogen oxide (NOx) species. Each of these processes involves interactions at aqueous interfaces, and 
hence may depend on the form of nitric acid present at the surface. The vapor/solution interface of aqueous 
solutions of HNO3 are examined using vibrational sum frequency generation spectroscopy (VSFS). Spectra of nitric 
acid species at the surface of various acid containing solutions are used to develop a detailed picture of this 
atmospherically important system. Molecular HNO3 is directly observed at the interface of highly concentrated 
solutions, but also persists at the surface of more dilute solutions where the bulk dissociation is much greater. In 
addition, the effects of added atmospherically important acids and salts are examined.  

 



COLL 193 A two-point H-bonding model for the Orito reaction  
Peter H. McBreen, Département de Chimie, Université Laval, Québec, QC G1K 7P4, Canada, Fax: 4196567916, 
peter.mcbreen@chm.ulaval.ca  

The asymmetric hydrogenation of alpha-ketoesters on cinchona-modified supported platinum particles is a prototype 
reaction in heterogeneous chiral catalysis. We will show that chemisorption-induced polarization leads to an 
aromatic-carbonyl H-bonding interaction between the aromatic anchor of the modifier and the coadsorbed substrate. 
By specifying that the aromatic C-H...O interaction is to the prochiral carbonyl, and that it is accompanied by a H-
bonding interaction between the ester carbonyl and the quinuclidine function, we show that it is possible to 
rationalize essentially all of the catalysis literature for the Orito reaction in terms of a single molecular mechanism. 
The generality of the proposed mechanistic model is demonstrated by addressing data from the literature for a 
representative range of substrates, modifiers, solvents and metals.  

 
COLL 194 Optical recognition of naturally chiral metal surfaces by optical second harmonic generation  
Ichizo Yagi, FC-Cubic, National Institute of Advanced Industrial Science and Technology (AIST), 2-41-6, Aomi, 
Koto-ku, Tokyo 135-0064, Japan, Fax: 81-3-3599-8554, i-yagi@aist.go.jp, Masaki Chiba, Division of Chemistry, 
Graduate School of Science, Hokkaido University, and Kohei Uosaki, Physical Chemistry Laboratory, Division of 
Chemistry, Graduate School of Science, Hokkaido University  

Two-dimentional chirality at naturally chiral gold single crystalline surfaces was detected and characterized by optical 
second harmonic generation rotational anisotropy (SH-RA) measurement. SH-RA patterns at Au(643)(R) and 
Au(643)(S) surfaces were mirror symmetric to each other. Systematic SH-RA measurements at chiral Au(hkl) 
surfaces with the same step and kink structures but different (111) terrace widths showed a linear correlation 
between surface step density and SH-RA fitting parameters arising from defects. These results indicate that SH-RA 
measurements provide information not only on surface chirality but also on density of surface defects.  

 
COLL 195 Probing chirality of DNA at interfaces using sum frequency generation  
Grace C. Yin, Andrea B. Voges, Julianne M. Gibbs, Faith C. Boman, Brian R. Stepp, SonBinh T. Nguyen, and Franz 
M. Geiger, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, Fax: 847-
491-7713, gyin@northwestern.edu  

Sum frequency generation (SFG) is used to study the vibrational spectroscopy of glass/air interfaces functionalized 
with DNA single and double strands. Using the polarizations ssp, ppp, p-45p and p+45p for the SFG, the 
upconverter and the infrared light fields, the chirality of oligonucleotides is probed. This approach is broadly 
applicable for the investigation of DNA in biological interfaces, and has important implications for predicting and 
controlling macromolecular interactions, improving biodiagnostics and investigating questions regarding the origin of 
life.  

 
COLL 196 The remarkable chiral sensitivity of second order nonlinear optics  
Garth J. Simpson, Department of Chemistry, Purdue University, West Lafayette, IN 47907-1393, 
gsimpson@purdue.edu  

Frequency doubling (second harmonic generation, SHG) and frequency mixing (sum frequency generation, SFG) 
are remarkably sensitive probes of interfacial structure. The application of these techniques in studies of biological 
systems and interfaces is particularly exciting, given their high sensitivity to chirality. Whereas absorbance 
measurements yield circular dichroic (CD) ratios of a few fractions of a percent, these same molecular systems can 
easily produce CD ratios approaching 100% in thin films. In order for these emerging techniques to successfully 
undergo the transformation from academic curiosities to practical instrumental tools for biological characterization, 
experimental and theoretical advances are required. Novel ellipsometric approaches for polarization analysis have 
been developed to yield greater information content with simpler instrumentation. As a complement to these 
experimental studies, new and relatively simple theories have been proposed for interpreting the relationships 
between the detected signals and the molecular/macromolecular structures at the interfaces. Applications of these 
combined experimental and theoretical techniques include the demonstration of label-free methods for real-time 



biosensing, chiral-specific detection and analysis with ultra-high sensitivity, and the quantification of changes in 
protein secondary structure from polarization analysis.  

 
COLL 197 Amplification of chirality at surfaces via cooperative intermolecular interactions  
Karl-Heinz Ernst1, Manfred Parschau1, and Roman Fasel2. (1) Molecular Surface Science, EMPA Duebendorf, 
Ueberlandstrasse 129, Duebendorf 8600, Switzerland, Fax: 01141 1 823 4034, karl-heinz.ernst@empa.ch, (2) 
nanotech@surfaces, EMPA Dübendorf  

A new form of chirality transfer and amplification observed in two-dimensional monolayers will be presented. A 
special surface enantiomorphism is observed via STM after adsorption of the enantiomers of a helical aromatic 
hydrocarbon on Cu(111). Instead of crystallization into homochiral domains on the surface, racemic mirror domains 
are observed. In this situation, a small excess of one enantiomer is sufficient to create domains possessing single 
handedness throughout the whole surface layer. Achiral molecules can become chiral because of the reduced 
symmetry in the molecule at the surface. Adsorbed on Cu(110), succinic acid and achiral (R,S)-tartaric acid form 
equal numbers of left- and right-handed domains in the absence of additional chiral influences and the surface is 
globally achiral. Doping with small amounts of left- or right-handed (S,S)- or (R,R)-tartaric acid, however, creates 
homochirality and the opposite mirror domains are not observed anymore in the LEED pattern. Our findings are 
explained by cooperative interactions between many chiral units.  

 
COLL 198 Density functional theory of enantioselective reactions at kinked and chirally modified metal 
surfaces  
Bjørk Hammer, iNANO and Department of Physics and Astronomy, University of Aarhus, Ny Munkegade 1520, DK-
8000 Aarhus C, Denmark, Fax: (+45) 86 12 07 40, hammer@phys.au.dk  

Several strategies have been proposed for the realization of enantioselective heterogeneous catalysts based on 
active metal surfaces. These include: a) kinked surfaces, b) surfaces with 2D "template" overlayers, and c) surfaces 
whose reactivity is enhanced by large functional molecules. In the talk, I present density functional theory 
investigations of relevance for strategies a) and c). Specifically, the enantioselective binding of cysteine to kink sites 
on a vicinal Au(111) is discussed [1] together with the full Orito reaction, enantioselective hydrogenation of methyl 
pyruvate to methyl lactate on a chirally modified Pt(111) surface [2].  

[1] T. Greber, Z. Sljivancanin, R. Schillinger, J. Wider, and B. Hammer, Phys. Rev. Lett., 96, 056103 (2006). [2] E. 
Rauls and B. Hammer, Catal. Lett., 106, 111 (2006).  

 

 
COLL 199 Relation between the Widom line and the fragility transition in bulk water and in protein hydration 
water  
H. Eugene Stanley1, Sergey V. Buldyrev1, Sow-Hsin Chen2, Pradeep Kumar1, Marco G. Mazza1, Peter H. Poole3, 
Francesco Sciortino4, Limei Xu1, and Zhenyu Yan1. (1) Center for Polymer Studies, Boston University, 570 
Commonwealth Avenue, Boston, MA 02215, Fax: 617-353-3783, hes@bu.edu, (2) Department of Nuclear 
Engineering, Massachusetts Institute of Technology, (3) Department of Physics, St. Francis Xavier University, (4) 
Dipartimento di Fisica, Universita' di Roma "La Sapienza"  



We investigate, for two water models displaying a liquid-liquid critical point, the relation between changes in 
dynamics and thermodynamic anomalies arising from the presence of the liquid-liquid critical point. We find a 
correlation between the dynamic fragility transition and the locus of specific heat maxima $C_P^{\rm max}$ 
(``Widom line'') emanating from the critical point. Our findings are consistent with a possible relation between a 
liquid-liquid phase transition and the fragility transition recently observed in neutron scattering and NMR experiments 
on confined water. More generally, we argue that this connection between $C_P^{\rm max}$ and fragility transition is 
not limited to the case of water, a hydrogen bond network forming liquid, but is a more general feature of crossing 
the Widom line. Specifically, we also study a spherically-symmetric two-scale potential, the Jagla potential, in which 
the competition between two liquid structures is generated by repulsive and attractive ramp interactions. Finally, we 
show that recent neutron and NMR experiments on the fragility transition in protein hydration water can be 
interpreted in the same fashion, consistent with the intriguing possibility that the protein glass transition is connected 
more to a change of state of the water nearest the protein than to the protein itself.  

 
COLL 200 Dynamics at the water-protein interface  
Robert G Bryant1, Yanina Goddard1, Galina Diakova1, Natasha Lisitza1, and Jean-Pierre Korb2. (1) Department of 
Chemistry, University of Virginia, McCormick Road, P.O. Box 400319, Charlottesville, VA 22904-4319, Fax: 434-
924-3567, rgb4g@virginia.edu, (2) Laboratory of Condensed Matter Physics, Ecole Polytechnique  

The magnetic field dependence of proton spin-lattice relaxation rate constants, i.e., the magnetic relaxation 
dispersion (MRD), provides a quantitative characterization of intra and intermolecular motions that modulate proton-
proton dipolar couplings over many decades in Larmor frequency. New data on dry and hydrated proteins provide a 
fundamental characterization of internal motions in proteins at frequencies above 10 kHz as well as the dynamics of 
water at the protein interface. Motions that drive protein-proton spin relaxation at low frequency are primarily 
localized along the stiff connectivity of the polypeptide chain. At higher frequencies, surface water motions dominate. 
The MRD provides the distribution function for correlation times characterizing local surface motions of water at the 
protein surface as well as the distribution function for the water reorientational barriers. The temperature 
dependence of the magnetic spin relaxation shows that changes in water dynamics dominate the glass transition in 
the protein dynamics at low temperature.  

 
COLL 201 Structured water layers adjacent to biological membranes  
Michael J. Higgins1, Takeshi Fukuma1, Martin Polcik1, John E. Sader2, Nakayama Yoshikazu3, and Suzanne P. 
Jarvis1. (1) SFI Nanoscience Laboratories, Trinity College Dublin, Lincoln Place Gate Entrance, Dublin Dublin 2, 
Ireland, michael.higgins@tcd.ie, (2) Department of Mathematics and Statistics, University of Melbourne, (3) 
Department of Physics and Electronics, Osaka Prefecture University  

By using a modified atomic force microscope (AFM), we have directly measured localised density changes in water 
molecules under nanometer confinement between an AFM probe and a supported lipid bilayer (SLB). In order to 
perform such measurements, we used a highly sensitive frequency modulation detection (FM-AFM) technique in 
combination with a high aspect ratio multi-walled carbon nanotube probe [1, 2]. FM-AFM force measurements in 
pure water revealed a hydration force with an oscillatory profile that reflected the removal of up to 5 structured water 
layers from between the probe and a dipalmitoylphosphatidylcholine (DPPC) biological membrane. For well-ordered 
gel phase bilayers (room temperature), each oscillation in the profile indicated the force required to displace a single 
layer of water molecules from between the probe and bilayer surface. Additional molecular resolution imaging of the 
membrane surface revealed individual headgroups of lipid molecules hexagonally packed with a measured inter-
molecular spacing of 0.51 nm. During imaging, the AFM tip was observed to spontaneously jump between discrete, 
individual and highly stable water layers resulting in dramatic contrast changes within a single image. We describe 
how these stable water layers present multiple energy barriers that may well influence permeability of molecules 
through such membranes.  

[1] S. P. Jarvis et al (2000) J. Phys Chem. B 104, 6091  

[2] T. Fukuma et al (2005) Rev. Sci. Instrum. 76, 053704  

 



COLL 202 Interfacial water on a mesoscopic scale  
Alenka Luzar, Department of Chemistry, Virginia Commonwealth University, 1001 West Main Street, Richmond, VA 
23284-2006, Fax: 804-828-8599, aluzar@vcu.edu  

The talk will review our general understanding of the phase behavior of interfacial and confined water, kinetic 
aspects of self-assembly, and the elementary mechanisms involved in solvent-induced interactions between 
synthetic and biological solutes in aqueous environment. I will discuss recent theoretical progress on understanding 
the influences of dissolved gases on dewetting, and electric field effects on interfacial tension, providing new insights 
to relevant applications on nanoscale, e. g. ion channels and microfluidics.  

 
COLL 203 Bridging the Gap: Observation of ultra long-range hydrophobic interactions  
C. Jeffrey Brinker, Seema Singh, Jack Houston, and Frank B. Van Swol, Sandia National Laboratories, 
Albuquerque, NM 87185, cjbrink@sandia.gov  

The origin of long-range hydrophobic interactions between non-polar molecules or surfaces in water has been the 
subject of intensive investigation and considerable debate for over twenty-five years. At issue is the reported range 
of the interaction, 1-100-nm, which far exceeds that over which Van der Waals interactions are operative or that, 
explainable by water restructuring at a hydrophobic interface. The origins and magnitudes of these forces are 
important in that they are implicated in processes like the conformation and folding of proteins, binding of enzymes 
to substrates, and enzymatic activity. To date the study of hydrophobic interactions has been limited to model 
surfaces prepared on atomically-flat mica or other extremely smooth and flat surfaces. Natural systems and most 
practical objects however are not atomically flat, but rather, exhibit roughness over a range of length scales. As is 
now well-recognized, surface roughness can profoundly influence wetting as is evident from the observation of high 
contact angles (≥160˚) and the rolling of water droplets on Lotus leaves and a wide variety of synthetic 
superhydrophobic (SH) surfaces. With the understanding that nature can produce superhydrophobic surfaces and 
that living systems operate mainly in water, we were motivated to explore the behavior of SH surfaces beneath the 
water surface. We used interfacial force microscopy (IFM), and direct optical imaging to examine the interaction 
between two superhydrophobic surfaces (water contact angle ~170˚) upon approach or retraction under air-
equilibrated or deaerated water. We discovered a much longer ranged hydrophobic interaction, viz., out of contact 
cavitation occurring at tip/substrate separations ranging from 0.8 to as large as 3.5µm. These results will be 
discussed in terms of spontaneous cavitation of the intervening water with emphasis that surface roughness may 
profoundly influence the interactions of extended structures in water, which, to date, have been studied mainly using 
smooth surfaces.  

 
COLL 204 Water structure at hydrophobic liquid interfaces  
Dennis K. Hore1, Dave S. Walker1, Libby MacKinnon2, Cathryn L. McFearin1, and Geraldine L. Richmond1. (1) 
Department of Chemistry, University of Oregon, Eugene, OR 97403, Fax: 541-346-5859, dhore@uoregon.edu, (2) 
Department of Chemistry, California Polytechnic State University  

The organization of water molecules in close proximity to organic species is of central interest to materials science, 
biochemistry, and environmental science communities. Nonlinear optical techniques such as sum-frequency 
spectroscopy are capable of providing a feature-rich description of interfacial water molecule organization. However, 
arriving at a molecular-level interpretation of the water structure from the spectra remains challenging. Molecular 
dynamics simulations bridge the gap between molecular details and macroscopic response. We use simulations to 
compare the structure of water at polar and nonpolar organic liquid interfaces, and report these features in a depth 
profiling study. The structure of the neat air-water interface is presented in the same manner for comparison.  

 
COLL 205 Designing structured surfaces for optimum water repellency  
CW. Extrand, Entegris, Inc, 3500 Lyman Blvd., Chaska, MN 55318, Fax: 952-556-8023, 
chuck_extrand@entegris.com  

Studies of super repellent surfaces first appeared in the scientific literature in the 1930s. This subject has received 
continued attention since that time, but interest has intensified in recent years due to the potential use of 
ultrahydrophobicity in a variety of applications, such as super repellent fabrics, self-cleaning surfaces, microfluidic 



devices and drag reduction in fluid flow. While super repellency holds great promise, its use will likely be limited to a 
few niche applications until technical advances enable the production of more robust surfaces.  

The repellency of many surfaces is quite fragile. For example, small pressures associated with drops falling from 
small heights can push liquid into the inter-asperity spaces of an ultralyophobic surface, thereby defeating the 
repellent force and destroying repellency. In this presentation, a design strategy is presented for creating surfaces 
that maintain their water repellency even after exposure to large hydrostatic pressures. 

 
COLL 206 Water repellency of hydrophobic photonic colloidal crystal  
Adrian M Brozell, Applied Science, UC Davis, 1 Shields Ave, Davis, CA 95616, ambrozell@ucdavis.edu, and Atul 
N. Parikh, Applied Science, University of California, Davis  

We have assembled alkyl silanes con colloidal photonic crystals. Water contact angle analysis indicates an increase 
in hydrophobicity over planar alkyl silane monolayers. Furthermore, we observe complete water repelency from the 
porous hydrophobic crystal over a range of particle diameters. Because of the photonic nature of the material, the 
effect of water repelency is visible to the eye and can be characterized via UV- Vis spectroscopy. The hydrophobic 
nature of the material can be removed through deep UV lithography creating micron scale patterns of wettibilities 
and band gaps when the material is submerged in water. The author will discuss potential implications and 
applications of this material.  

 
COLL 207 Molecular structure and bonding at organic/water interfaces  
Geraldine L. Richmond, Cathryn L. McFearin, Dave S. Walker, and Daniel K. Beaman, Department of Chemistry, 
University of Oregon, Eugene, OR 97403, Fax: 541-346-5859, richmond@uoregon.edu  

The molecular structure of the organic/water interface is an important interfacial system to understand due to its 
relevance to many important fundamental biological, polymeric and environmental issues today. The focus of this 
presentation is on our most recent studies of the molecular properties of a series of different organic/water interfaces 
and monolayer/water interfaces, and the structure of adsorbates that migrate to these interfaces. The organic liquids 
examined include hydrocarbons, halocarbons and other selected organics. Using vibrational sum frequency 
spectroscopy as a tool for measuring the interfacial properties, the molecular structure and orientation of the organic 
and water molecules in the interfacial region are probed in addition to adsorbate species that migrate to the 
liquid/liquid interface. The results provide a fascinating picture of how interfacial water and organic molecules bond, 
orient and interact with other interfacial species.  

 
COLL 208 Molecular structures on the organic thin film interfaces probed by sum frequency generation  
Shen Ye, Takuma Nishida, Yunsheng Ma, Eric Tyrode, Magnus Johnson, and Masatoshi Osawa, Hokkaido 
University, Catalysis Research Center, N21 W10, Kitaku, Sapporo 001-0021, Japan, Fax: +81-11-706-9124, 
ye@cat.hokudai.ac.jp  

Novel functionality of the solid surface can be achieved by modification with organic molecules. Our researches 
focus upon exploring the molecular structures on the surface and/or interface of the functional organic thin films, 
which are crucial to control their functionality, by a surface-sensitive non-linear vibrational spectroscopy, sum 
frequency generation (SFG). In the present talk, our recent experimental results will be reported: (i) Elucidation of 
surface molecular structure on biocompatible polymers, such as poly(2-methoxyethyl acrylate). Possible role of the 
surface structure on its biocompatibility will be discussed (JACS 2004, 126, 12198; Macromolecules 2003, 36, 
5694); (ii) Quantitative analysis of SFG signals from LB multilayer on solid substrates containing multiple interfaces. 
The SFG signals depend significantly on the absolute polar orientation of the molecules in the individual layers and 
on the nonlinear optical response of the substrate (JPCB 2005, 109, 18723; JACS 2004, 126, 14322; PRL 2006, 96, 
077402).  

 



COLL 209 Infrared studies of surfaces of interest to catalysis and microelectronics  
Francisco Zaera, Department of Chemistry, University of California, Riverside, Riverside, CA 92521, 
zaera@ucr.edu  

Examples from our laboratory on applications of infrared spectroscopy to the characterization of surfaces of 
relevance to catalysis and microelectronics fabrication will be presented. In the first case the adsorption of cinchona 
chiral modifiers from solution onto platinum catalytic surfaces is detailed by studies using in-situ reflection-absorption 
infrared spectroscopy (RAIRS) at the liquid-solid interface. Parameters such as adsorption geometry, reversibility of 
adsorption, and the effect of gases and solvents were investigated, and the adsorption behavior was correlated to 
catalytic properties. A second example illustrates the use of RAIRS for the characterization of porphyrin self-
assembled layers on gold and silicon surfaces. In this case a correlation was established between adsorption 
geometry and electrical properties as they apply to the design of molecular memory devices. In a final project, the 
study of supported catalysts is performed by transmission infrared spectroscopy, using carbon monoxide as a probe 
for the characterization of adsorption sites.  

 
COLL 210 Unraveling carbonyl chemistry on Ge(100)-2x1 using vibrational spectroscopy  
Michael A. Filler, Albert J. Keung, James A. Van Deventer, and Stacey F. Bent, Department of Chemical 
Engineering, Stanford University, 381 North-South Mall, Stanford University, Stanford, CA 94305, Fax: 650-723-
9780, bent@stanford.edu  

Recent studies of the covalent attachment of organic molecules at group-IV (100)-2x1 semiconductor surfaces 
reveal that even for simple compounds, complex pathways and bonding geometries are common. To understand the 
factors that lead to such chemistry, a series of carbonyl-containing molecules were investigated on Ge(100)-2x1. 
The reactions of formaldehyde, acetic acid, acetyl chloride, formamide and their derivatives were studied with a 
combination of multiple internal reflection infrared spectroscopy and density functional theory. Several common 
themes in the adsorption chemistry of these carbonyl compounds are observed. Formation of dative-bonded 
precursor states occurs via donation from the carbonyl oxygen, subsequently leading to a variety of surface adducts 
which depend on the substituent attached to the carbonyl functionality. A bidentate bridging structure, where two 
heteroatoms from the molecule interact directly with the surface, was identified for several of the molecules. Results 
will be discussed within the context of classical organic chemistry.  

 
COLL 211 IV-SFG studies on amphiphilic nature of ionic liquids at the air/liquid interface  
Yukio Ouchi, Department of Chemistry, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan, Fax: 
81-52-789-2944, ohuchi@mat.chem.nagoya-u.ac.jp, Doseok Kim, Department of Physics and Program of Integrated 
Biotechnology, Sogang University, and Naoya Torikai, Institute of Materials Structure Science, Neutron Science 
Laboratory (KENS), High Energy Accelerator Research Organization  

Infrared-visible sum-frequency generation (IV-SFG) vibrational spectroscopy has been established as a powerful tool 
to study various surface physical chemistry problems. Unlike conventional electron spectroscopic methods, this 
technique can probe any surface or interface accessible by light. Therefore, it is an ideal probe for studying liquid 
surfaces, and the only technique to get spectroscopic information of the liquid surface. In this paper, our recent 
results on Gibbs monolayer of room-temperature ionic liquids ([C4MIM]BF4 and [C2MIM]BF4) aqueous solutions 
using surface tension, neutron reflectivity measurements and IV-SFG spectroscopy are reported. Concentration 
dependence of conformational change of the Gibbs monolayer and the mechanism of surface tension anomalies is 
fully discussed in terms of amphiphilic nature of ionic liquids. Studies also cover the chain length and the anion 
dependencies of the surface structure of ionic liquids.  

 
COLL 212 Sum frequency generation of room-temperature ionic liquid-gas interfaces  
Steven Baldelli1, Cesar Aliaga1, Selimar Rivera1, and Cherry Santos2. (1) Department of Chemistry, University of 
Houston, Houston, TX 77204, sbaldelli@uh.edu, (2) Chemistry, University of Houston  

The sum frequency generation spectra of a variety of room temperature ionic liquids are investigated. This study 
involves imidazolium, pyrrolidinium, and quaternary amine based cations with a host of anions from BF4-, PF6-, 



N(CN)2-, and bis-trifylimdes among others. This surface composition, orientation is determined and a model based 
on the ionic composition is proposed. The results are supported with surface potential measurements.  

 
COLL 213 Fourth-order Raman observation of organic molecules adsorbed on TiO2  
Tomonori Nomoto1, Satoru Fujiyoshi1, Taka-aki Ishibashi2, and Hiroshi Onishi3. (1) CREST, Japan Science and 
Technology Agency, Kawaguchi, Japan, Fax: 81-78-803-5674, nomoto@kobe-u.ac.jp, (2) Department of Chemistry, 
Graduate School of Science, Hiroshima University, (3) Department of Chemistry, Kobe University, Rokko-dai, Nada-
ku, Kobe, 657-8501, Japan, Fax: 81-78-803-5674, oni@kobe-u.ac.jp  

Low-frequency surface vibrations were observed on a rutile TiO2(110) surface covered with trimethylacetate (TMA) 
and p-nitrobenzoate (pNB) by using fourth-order Raman spectroscopy. The carboxylate-covered surfaces was 
irradiated with 18-fs light at a wavelength of 630 nm. A pump pulse excited vibrational coherence of Raman-active 
modes and a probe pulse interacts with the coherently excited surface to generate second harmonic light, the 
intensity of which oscillated as a function of the pump-probe delay. The pump-and-probe process contains four 
incident electric fields and the even order of the optical transitions promises the interface selectivity. Surface phonon 
modes of TiO2 were recognized at 180, 357, 444, and 826 cm-1 in the Fourier transformation spectrum of the 
oscillations. Four bands additionally appeared on the spectrum of the pNB-covered surface and tentatively assigned 
to intra-molecular vibrations. The promising ability as well as possible drawbacks of this Raman-based, nonlinear 
optical method will be discussed.  

 
COLL 214 Superparamagnetic polymeric micelles as Uutrasensitive MRI contrast agents  
Chalermchai Khemtong, Harold C. Simmons Comprehensive Cancer Center, The University of Texas 
Southwestern Medical Center at Dallas, 5323 Harry Hines Blvd., Dallas, TX 75390-8807, Fax: 214-648-0264, 
Chalermchai.Khemtong@UTSouthwestern.edu, Jimin Ren, The University of Texas Southwestern Medical Center at 
Dallas, Advanced Imaging Research Center, A. Dean Sherry, Advanced Imaging Research Center, The University of 
Texas Southwestern Medical Center at Dallas, and Jinming Gao, The University of Texas Southwestern Medical 
Center at Dallas, Harold C. Simmons Comprehensive Cancer Center  

We herein report the preparation and characterization of paramagnetic polymeric micelles as ultrasensitive MRI 
contrast agents. Hydrophobic MFe2O4 (M = Fe, Co, Mn) nanoparticles were prepared via an organic reaction of 
corresponding metal acetylacetonates. Transmission electron microscopy (TEM) analysis revealed that the size 
distribution of nanoparticles were mostly monodispersed. 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-
methoxy(polyethylene glycol) (DSPE-PEG, PEG MW = 5kD) and poly(ethylene glycol)-block-poly(D,L-lactide) (PEG-
PLA, PEG and PLA MW = 5 kD) were used as polymeric surfactants for the formation of MFe2O4-loaded micelles. 
The micelles were characterized by dynamic light scattering and TEM analyses. MR relaxivity measurements 
showed that the T2 relaxivity rates (r2 ) of MFe2O4-loaded micelles follow the order CoFe2O4 > MnFe2O4 > Fe3O4. 
The magnetization measurements of dried MFe2O4 nanoparticles showed that the saturation magnetization (Msat) 
values of MFe2O4 followed the same trend as the relaxivity values.  

 
COLL 215 Gd@C60-based MRI contrast agents  
Robert D. Bolskar1, James W. Raebiger1, Juliette R. Petersen1, Balaji Sitharaman2, and Lon J. Wilson2. (1) TDA 
Research, Inc, 12345 West 52nd Avenue, Wheat Ridge, CO 80033, bolskar@tda.com, (2) Department of Chemistry 
and the Richard E. Smalley Institute for Nanoscale Science and Technology, Rice University  

Endohedral metallofullerenes encapsulating Gd are a promising new class of magnetic resonance imaging (MRI) 
contrast enhancing agents. They offer a safe contrast agent platform lacking the potential for free Gd3+ toxicity due 
to the very high stability of endohedral Gd sequestration, which is not compromised under physiological conditions. 
We have developed means to produce, separate and derivatize Gd@C60 molecules for contrast agent applications. 
Gd@C60 materials water-solubilized with carboxylate and hydroxyl functionalities are effective T1 MR imaging 
agents with r1 relaxivities higher than current clinically used Gd chelate agents. Using a combination of techniques, 
including light-scattering, cryo-TEM and NMRD analyses, we have characterized the Gd@C60 derivatives' 
intermolecular aggregation properties in correlation with their aqueous relaxivity properties. An overview of our 
ongoing studies of these interesting materials will be presented.  



 
COLL 216 Polymeric micelles for MRI-visible targeted drug delivery  
Norased Nasongkla1, Erik Bey2, Jimin Ren3, Chalermchai Khemtong2, A. Dean Sherry4, Shook-Fong Chin2, David 
A. Boothman2, and Jinming Gao2. (1) Department of Macromolecular Science and Engineering, Case Western 
Reserve University, Cleveland, OH 44106, norased@hotmail.com, (2) Simmons Comprehensive Cancer Center, 
University of Texas Southwestern Medical Center at Dallas, (3) Advanced Imaging Research Center, University of 
Texas Southwestern Medical Center at Dallas, (4) Advanced Imaging Research Center, The University of Texas 
Southwestern Medical Center at Dallas  

Multifunctional nanomedicine has received significant attention as an integrated platform for drug delivery and 
diagnostic imaging applications. Incorporation of multiple functions (e.g. cancer targeting, imaging ultrasensitivity, 
controlled drug release) within such a small size confinement (<100 nm) is a challenging task. In this application, we 
develop multifunctional targeted delivery superparamagnetic polymeric micelles comprising of three key 
components: (1) doxorubicin (DOXO) as an anti-cancer agent; (2) cyclic pentapeptide (cRGD) ligand that targets 
alpha-v-beta-3 integrin on angiogenic tumor endothelial cells; and (3) superparamagnetic iron oxide (SPIO) 
nanoparticles as a magnetic resonance imaging (MRI) probe. SPIO nanoparicles and DOXO are incorporated inside 
hydrophobic micelle core. cRGD is attached to the micelle surface. Cell uptake enhancement by receptor based-
endocytosis of cRGD-DOXO-SPIO-loaded micelles is evaluated by in vitro cytotoxicity study, flow cytometry, 
confocal laser microscopy and MRI. This work will open many exciting opportunities for the targeted delivery of 
cytotoxic therapeutic agents to cancerous tumors and use of MRI as a non-invasive strategy to monitor the tumor 
targeting efficiency to improve the therapeutic outcome of drug therapy.  

 
COLL 217 Nanomedicine for promoting organ replacement  
Thomas J Webster, Engineering and Orthopaedics, Brown University, 184 Hope Street, Rm 224 Barus and Holley, 
Providence, RI 02912, Fax: 401-863-2317, Thomas_Webster@Brown.edu  

Nanotechnology can be broadly defined as the use materials whose components exhibit significantly changed 
properties when control is gained at the atomic, molecular, and supramolecular levels. Nanostructure science and 
technology create materials and products that potentially outperform, at several boundaries, existing materials. 
Advances in several critical research fields (such as for processing, catalytic, optical, actuation, electrical, 
mechanical, etc.) have begun to benefit from new technological advancements in the area of nanotechnology. 
However, to date, relatively few advantages have been elucidated for medical applications (specifically, concerning 
cell interactions important for organ replacement). This presentation will review research efforts to use nanomaterials 
to increase the replacement of numerous organs, specifically, bone, cartilage, vascular, bladder, and nervous 
system applications.  

 
COLL 218 Organic nanostructures for regenerative medicine  
Samuel I. Stupp, Department of Chemistry, Department of Materials Science and Engineering and Feinberg School 
of Medicine, Northwestern University, 2220 Campus Dr, Evanston, IL 60208, Fax: 847-491-3010, s-
stupp@northwestern.edu  

Supramolecular design of nanostructures to interact with cells can lead to strategies in regenerative medicine and 
therapies for disease that target specific parts of the human body. The targets may include the cure for brain 
disorders, the regeneration of the heart after infarct, and more effective cancer therapies, among many others. 
Supramolecular nanostructures that deliver signals and drugs to specific cells, or mediate cell proliferation and 
differentiation, could be key players in achieving these future goals. This lecture describes a large set of molecules 
known as peptide amphiphiles that self-assemble to create bioactive nanofibers designed for cell signaling. The 
lecture will demonstrate the potential direct impact of these nanostructures on spinal cord repair, bone growth, as 
well as the formation of blood vessels to restore cardiovascular function and cure diabetes.  

 
COLL 219 Utilizing the emerging imprint lithography technique (PRINT) for the fabrication of shape-specific 
organic nanoparticles for applications in nanomedicine  
Larken E. Euliss1, Julie A. DuPont2, Christopher M Welch3, Etta Pisano4, Weili Lin4, George W Small5, Robert Z. 
Orlowski5, Jonathan Serody5, Klaus M. Hahn3, and Joseph M. DeSimone6. (1) Department of Chemistry, University 



of North Carolina at Chapel Hill, B-5 Venable Hall, Chapel Hill, NC 27599, Fax: 919-962-5467, 
euliss@email.unc.edu, (2) Department of Chemistry, University of North Carolina Chapel Hill, (3) Pharmacology, 
University of North Carolina, (4) Department of Radiology, University of North Carolina Chapel Hill, (5) Department 
of Medicine, Division of Hematology/Oncology, University of North Carolina at Chapel Hill, (6) Dept of Chemistry, 
Dept of Pharmacology, School of Medicine, Lineberger Comprehensive Cancer Center, Dept of Chemical Eng, 
University of North Carolina at Chapel Hill and North Carolina State University  

The delivery of therapeutic and imaging agents for the diagnosis and treatment of cancer patients has improved 
dramatically with the development of polymeric nano-carriers. To date, there has been no general particle fabrication 
method available that has control over particle size, shape, composition, cargo and structure until now. By utilizing 
Particle Replication In Non-wetting Templates (PRINT) we can fabricate monodisperse particles with simultaneous 
control over structure and function. Unlike other particle fabrication techniques, PRINT is delicate and general 
enough to be compatible with a variety of therapeutics, imaging agents, cargos, targeting ligands and matrix 
materials. Herein, we have utilized PRINT to construct nanomaterials that contain sensing moieties. We have 
designed the scaffold material of the PRINT particle to contain pendant ligands that have a high affinity of the 
gadolinium ion. Initial phantom studies of these designer PRINT particles utilizing a MRI instrument showed an 
enhancement in the imaging profile.  

 
COLL 220 Synthesis and anti-HIV-1 activity of novel fluoroalkyl end-capped cooligomers/silica nanoparticles  
Hideo Sawada1, Tamikazu Narumi1, Makiko Kiyohara2, and Masanori Baba2. (1) Department of Frontier Materials 
Chemistry, Hirosaki University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-3541, 
hideosaw@cc.hirosaki-u.ac.jp, (2) Center for Chronic Viral Diseases, Graduate School of Medical and Dental 
Sciences, Kagoshima University  

Fluoroalkyl end-capped acrylic acid and sulfonic acid cooligomers reacted with tetraethoxysilane (TEOS) and 
silica/nanoparticles under alkaline conditions to afford the corresponding fluorinated cooligomers/silica nanoparticles 
(mean diameters: 32 ~ 180 nm) with a good dispersibility and stability in aqueous and organic media. Interestingly, 
fluorinated nanoparticles containing carboxy groups were found to exhibit a potent and selective anti-HIV-1 activity in 
vitro. In contrast, fluorinated cooligomers containing sulfo groups were shown to have a potent and selective anti-SIV 
activity in vitro.  

 
COLL 221 Biomedical and pharmaceutical applications of "smart dust": Silicon-based photonic crystals  
Michael J. Sailor, Department of Chemistry and Biochemistry, University of California, San Diego (UCSD), La Jolla, 
CA 92093-0332, Fax: 619-534-6693, msailor@ucsd.edu, and Ester Segal, Department of Chemistry and 
Biochemistry, University of California, San Diego, La Jolla, CA 92093-0358, essegal@ucsd.edu  

The use of porous photonic materials made from nanostructured silicon in pharmaceutical, medical diagnostic, and 
microfluidic applications will be described. With a large free volume (50-90%) and an infinitely tunable nanostructure, 
these micron-sized "Smart Dust" particles have been found to be an excellent platform for the capture and controlled 
release of nanoparticles, small molecules, proteins, and enzymes. Impregnation of the particles with the various 
payloads can impart unique functions to the nanomaterials. For example, incorporation superparamagnetic 
nanoparticles provides a means to remotely manipulate, image and actuate the materials with an external 
electromagnetic field. Various in-vitro and in-vivo applications will be presented.  

 
COLL 222 Spin-leakage in colloids of paramagnetic endometallofullerenes  
Vitaly K. Koltover, Department of Kinetics and Catalysis, Institute of Problems of Chemical Physics, Russian 
Academy of Sciences, Chernogolovka, 142432, Moscow Region, Russia, Fax: 7 496 515 54 20, koltover@icp.ac.ru  

Paramagnetic endometallofullerenes are carbon clusters that contain a paramagnetic metal atom inside the fullerene 
cage. On embedding in poly(bisphenol A carbonate) film, La@C82 demonstrates the intense 1H-ENDOR signal that 
testifies the permeability of the fullerene shell for the electron spin density. In polar solvents, M@C2n form 
nanoparticles, the mean size of which ranges up to 100 nm. For La@C82 in hexamethylphosphoramide (HMPA), the 
paramagnetic shift of 31P NMR of the bulk HMPA was revealed testifying the partial runoff of the electron spin 
density (spin-leakage) outside the fullerene cage. The magic angle spinning (MAS) NMR of solid complexes of 



La@C82 and Y@C82 with HMPA revealed the enormous shifts for 139La lines along with the vast range of the 
shifts for 31P of the bound HMPA. Being unchanged with temperature, such shifts suggest their Knight nature 
caused by the density of conduction electrons at the positions of the NMR observed nuclei.  

 
COLL 223 A general strategy for direct surface modification and functionalization of semiconductor 
quantum dots  
Ming-Qiang Zhu, Emmanuel Chang, and Rebekah Drezek, Department of Bioengineering, Rice University, 6100 
Main, Houston, TX 77005, mqzhu@rice.edu  

A facile method in large scale for the direct surface modification and functionalization of QDs with functional organic 
silanes in organic solvents is introduced. The as-modified QDs exhibit the high-quality fluorescent properties and 
single particle feature that is the key to further application based upon monodisperse nanoparticle probes. In 
principle, the modifying and functionalizing procedure can also be extended to the modification of various metal, 
semiconductor and magnetic nanoparticles, such as Au, PbSe, ZnO, TiO2 and Fe2O3 and preparation of novel 
functional nanoparticles where various nanostructures and their assembly can be utilized to generate optical or 
magnetic materials.  

 
COLL 224 Adsorption and precipitation of Zn(II)aq on hematite nano- and macroparticles  
Juyoung Ha, Department of Geological & Environmental Sciences, Stanford University, 367 Panama Street, 
Stanford, CA 94305, Fax: 650-725-2199, jyha@stanford.edu, Francois Farges, Laboratoire des Géomatériaux, 
Université de Marne la Vallée, and Gordon E. Brown Jr., Department of Geological and Environmental Sciences, 
Stanford Synchrotron Radiation Laboratory  

Investigating the interaction of Zn(II) with commonly occurring mineral phases is important because the mobility of 
dissolved Zn(II) is largely controlled by its partitioning to solid phases and precipitation processes. In this study, 
sorption of Zn(II) on hematite nanoparticles and macroparticles has been examined over a wide range of Zn(II) 
concentrations and pH using Zn K-edge EXAFS. When reacted with nanoparticles at pH 5, Zn(II) formed surface 
complexes with an average Zn-O distance of 1.96(±0.02)Å at low sorption densities (0.15 < Γ < 1.2 µmol/m2). At 
high Zn(II) sorption densities (1.8 < Γ < 3.3 µmol/m2), formation of surface precipitates on the hematite nanoparticles 
is suggested by the presence of a second-shell feature in the Fourier transform (FT) of the EXAFS spectra. 
Qualitative comparison between the EXAFS spectra of these sorption samples and that of Zn-containing hydrotalcite 
indicates the development of hydrotalcite-like local structures with increasing Γ at pH 5. However, EXAFS spectra of 
Zn(II) sorbed on hematite macroparticles under similar experimental conditions showed no evidence for surface 
precipitates even at the highest surface coverage at pH 5. At pH 7 and high Zn sorption density, the FT of the 
EXAFS spectra of Zn(II) sorbed on hematite nanoparticles revealed second-shell features suggesting a hydrotalcite-
like local structure. A similar local structure around Zn(II) was observed at pH 7 for the hematite macroparticles. 
These results indicate different reactivities of hematite nanoparticles and macroparticles with respect to Zn(II)aq, 
depending on Zn(II) sorption density and pH. Our results also suggest that the degree of hematite crystallinity affects 
the reactivity of hematite surfaces toward Zn(II)aq and the formation of the Zn(II) surface complexes.  

 
COLL 225 AOT as spacing agent for single-walled carbon nanotubes nanocomposite  
WITHDRAWN  

Single-walled carbon nanotubes (SWNTs), because of their unique electrical properties, are nearly ideal candidates 
for components in electronic and optoelectronic nanodevices. The solubilization of SWNTs has been a major 
impediment for device developments. We report on a new species, the anion surfactant sodium bis(2-ethylhexyl) 
sulfosuccinate (AOT), to solubilize HiPco SWNTs without any further purification. Through such an approach, we are 
able to debundle SWNTs into individual carbon nanotubes. In our study, we also use AOT reverse micelles to 
encapsulate and control the size of CdS quantum dots. By mixing SWNT/AOT with CdS/AOT, the nanocompoiste 
SWNT/CdS were formed. Raman and UV-Vis-NIR spectra, as well as AFM microscopy have been employed to 
evaluate the solubilization and nanocomposite of the SWNTs. Using AOT to mediate both SWNT dispersion and 
CdS size confinement may possibly open up a new route for future biosensor and drug delivery given that anionic 
surfactants were the most frequently used types of surfactants in drug delivery. SWNT and quantum dots are often 



used in biosensor developments. The combination of SWNT/AOT/CdS will be a promising development for future 
biomedical applications.  

 
COLL 226 Emulsion stability of an acrylic latex and its fractals  
Suresh Ahuja and Zhen Lai, Materials, Xerox Corporation, 139-64A, 800 Phillips Road, Webster, NY 14580, 
Sam.ahuja@xerox.com  

Stability of latex emulsions is of significant importance in several industrial processes. A monomer emulsion was 
prepared by mixing a monomer mixture of styrene and butyl acrylate and ethyl acrylate with a surfactant and 
deionized water using a four blade steel impeller at a certain shear rate and time.  

The emulsions were subjected to Couette flow at several shear rate cycles. Viscosity dependence of shear rate was 
analyzed using different viscometric models and the shear rate at which phase separation and instability occured 
was observed and related to fractals and particle sizes. It was found that phase separation from shear stress shear 
rate dependence correlated very well with optical observation. 

 
COLL 227 Attachment of complex ssDNA structures to gold via a central dA block: Formation of hairpin and 
bifunctional DNA-probe modified surfaces  
Aric Opdahl and Karen Olson, Department of Chemistry, University of Wisconsin - La Crosse, 1725 State Street, La 
Crosse, WI 54601, Fax: 608-785-8281, opdahl.aric@uwlax.edu  

Prior work has shown that in place of conventional thiol end-linkers, that a block of adenine nucleotides d(A) 
incorporated at the end of a short DNA strand can be used to anchor that strand onto a gold surface. Here, we show 
that more complex structures can be attached to gold simply by incorporating d(A) blocks into the center of a DNA 
sequence. A combination of electrochemical and spectroscopic (SPR and FTIR) techniques is used to verify that 
attachment occurs primarily via the central d(A) block, and results in a “U-shape” conformation, where both the 3' 
and 5' ends of the DNA strand project into solution. Hybridization experiments suggest that the immobilized DNA is 
bifunctional, e.g. that both ends are available for hybridization with target DNA. Additionally, for DNA with 
complementary 3' and 5' end sequences, the d(A) attachment strategy effectively results in a surface that is 
functionalized with double stranded DNA.  

 
COLL 228 Binary colloidal crystals of polystyrene with different size and surface charge  
Renxiao Liu1, Peng Dong2, Sheng-Li Chen2, and Li Cao3. (1) Department of Chemistry Science and Engineering, 
State Key Laboratory Of Heavy Oil Processing, University of Petroleum, Beijing, China, Fuxue Road, No.18, 
Changping, Beijing, China, Heavy Oil Particle, Beijing 102249, China, Fax: +86-010-69724721, 
renxiao_liu@hotmail.com, (2) China National Key Lab of Heavy Oil Processing and Chemical Engineering 
Department, University of Petroleum, (3) School of Business Administration, University of Petroleum,China  

Binary colloidal spheres with different size and surface charge density have self-assembled into colloidal crystals in 
concentrated aqueous suspension. Arbitrary two samples of five different colloidal spheres are mixed with almost 
equal volume fraction and ultrasonic vibrated, and then injected into a thin cell carefully with disposable syringe. The 
diameter ratio of binary colloidal spheres is between 0.57 and 0.96, and the surface charge density of colloidal 
spheres is from 1.520µC/cm2 to 29.161µC/cm2. The result suggests that growth rate and quality of binary crystals 
are mainly dependent on the surface charge density of binary colloidal spheres. Binary spheres with low and high 
surface charge density respectively hardly come into being alloy crystals during short period, while both of colloidal 
spheres with moderate and equivalent surface charge each other will self-assemble easily into binary colloidal 
crystals, whose reflection and transmission light show single color in each direction and large region.  

 
COLL 229 Bio-barcodes based on segmented silica nanotubes  
Bo He1, Sang Jun Son1, and Sang Bok Lee2. (1) Department of Chemistry & Biochemistry, University of Maryland, 
0107 Chemistry Building, University of Maryland, College Park, MD 20742, ripplehe@yahoo.com, (2) Department of 
Chemistry and Biochemistry, University of Maryland  



We describe the synthesis of well controlled shape-segmented silica nanotubes (SNTs) by template synthesis and 
surface sol-gel method, and their application for biosensing as a new dispersible microarray system. The individual 
SNTs can be easily identified by their different shapes (codes) using conventional optical microscope due to 
differences in reflectance value and length of each segment on a single nanotube. In theory, the number of codes for 
6-µm SNT with four segments is up to 4960. The large amount of barcodes enables the segmented SNTs to work as 
biological labels. In addition, mature silane chemistry, which provides various modifications on the inner and outer 
surface of silica nanotubes, makes segmented SNTs preferable for being bio-coding materials. Multistep anodization 
technique allows accurately controlling of the dimensions of the cylindrical pores with two or more (up to five) 
different diameter segments on the aluminum substrate. Then, surface sol-gel method deposited desirable layers of 
silica on the walls of the pores in the alumina template. Proof-of-concept immunoassay results demonstrated that the 
segmented SNTs bio-coding system is highly selective.  

 
COLL 230 Biomimetic synthesis of H2 producing catalysts using protein cage architectures  
Zachary B Varpness1, Chad Shoopman1, John W. Peters2, Mark Young3, and Trevor Douglas4. (1) Department of 
Chemistry/Biochemistry, Montana State University, 108 Gaines Hall, Bozeman, MT 59717, Fax: 406-994-5407, 
zvarpness@chemistry.montana.edu, (2) Department of Chemistry and Biochemistry, Montana State University, (3) 
Department of Plant Sciences, Montana State University, (4) Department of Chemistry & Biochemistry, Montana 
State University  

Hydrogenase is an efficient enzyme which catalyses the reduction of protons producing hydrogen gas. However, 
hydrogenase is difficult to produce because of its extreme sensitivity to oxygen. A biomimetic approach has been 
used to create a synthetic hydrogenase mimic using a protein cage architectures which show efficient production of 
hydrogen by reduction of protons. A synthetic catalyst that combines the advantages of biological control and 
synthetic chemistry has been synthesized producing an efficient mimic for the producing of hydrogen gas. Protein 
cages are supra-molecular spheres with a defined and constrained cavity that self-assembles from subunits to 
create a versatile synthetic platform which can be chemically and genetically manipulated. By synthesizing a 
catalytic metal particle on the interior of a protein cage, a non-native active site has been engineered specifically on 
the interior of a protein cage isolating the particle without coating the entire surface of the particle and there by 
reducing activity. Platinum group metal particles have been synthesized inside the protein cages giving a protein 
encapsulated catalyst mimicking the enzymatic activity of hydrogenase.  

 
COLL 231 Blood coagulation and hemolytic reaction on the surfaces of heparin immobilized poly ether 
sulfones derivatives membrane  
Changjun Hou1, Danqun Huo2, zhan Dongni2, and Yuan Quan1. (1) Department of Chemical Engineering, 
Chongqing University, Sha Pin Ba Street 174, Chongqing 400044, China, houcj@cqu.edu.cn, (2) Department of 
Bioengineering, Chongqing University  

A novel heparin immobilized Poly ether sulfones derivatives membrane was prepared by synthesizing from original 
PES, PES was first sulfonated by Chlorosulfonic acid and 1,12- Hexanediamine was grafted onto the –SO3H, which 
subsequently reacted with heparin through a covalent bond, using MES and EDAC as catalyst. The intereaction 
between the surfaces of membrane with globule was investigated by water contact angle, plasma hemolysis test, red 
blood cell count, coagulation factor IV and plasma recalcification time test. Experimental results shows that water 
contact angle of the membrane is decreased compared with original PES surface. hemolysis rate of the membrane 
less than 5.0%(1.04%). The red blood cell count test shows positive results for anticoagulation. Plasma Ca 
determination and recalcification test results demonstrate that clotting factor XI and XII is effectively deactivated by 
heparin bond to a flexible chain, the membrane possess a good anticoagulation property and may have potential for 
biomedical application.  

 
COLL 232 Carbon monoxide poisoned hydrogen and deuterium exchange on Pt (111) studied by high 
pressure XPS and high pressure STM  
Derek R Butcher1, Max O Montano1, Miquel Salmeron2, and G. A Somorjai3. (1) Department of Chemistry, 
University of California Berkeley, Berkeley, CA 94720, butcher@berkeley.edu, (2) Materials Sciences Division, 
Lawrence Berkeley National Laboratory, (3) Department of Chemistry and Lawrence Berkeley National Laboratory, 
University of California  



The CO poisoned catalytic exchange of H2 and D2 on a Pt (111) surface has been studied using high pressure 
scanning tunneling microscopy (HPSTM) and high-pressure x-ray photoelectron spectroscopy (HPXPS). At room 
temperature the Pt surface catalyzes the reaction of H2 and D2 measured by Mass Spectrometry as the formation of 
HD. HPSTM images show the ordered structure of an adsorbed layer of CO. The addition of CO poisons the 
reaction and no HD product is formed. Raising the temperature to 350K, the CO poisoned system is catalytically 
active albeit at lower turnover rates than in the absence on CO, while HPXPS data shows a10% decrease in surface 
CO concentration, the HPSTM images show a disordered surface structure. This suggests a mobile adsorbed layer 
of CO that permits the adsorbed Hydrogen and Deuterium atoms to diffuse on the surface and react.  

 
COLL 233 Catalytic platinum-gold and platinum-polypyrrole nanorods for transport of colloidal cargo  
Shakuntala Sundararajan, Department of Chemistry, Pennsylvania State University, 104, Chemistry Research 
Building, University Park, State College, PA 16802, Fax: 814-863-8403, sus205@psu.edu, and Ayusman Sen, 
Department of Chemistry, The Pennsylvania State University, 104 Chemistry Building, University Park, PA 16802, 
asen@chem.psu.edu  

We report the transport of colloidal cargo; polystyrene beads by platinum-gold (Pt-Au) and Pt-polypyrrole (Pt-PPy) 
nanorods. Pt-Au nanorods have been shown to exhibit autonomous motion from the catalytic decomposition of 
hydrogen peroxide(fuel) solutions at the rod surface. Applications for such functional nano/micro motors include self-
assembly of superstructures, roving sensors and site-directed drug delivery. Pt-Au rods may be exploited to test the 
feasibility of using such self-propelling motors at this length scale for future applications.  

Initially, electrostatic attractive forces were used to attach positively charged polystyrene (PS) microspheres (1-2 μm) 
to negatively charged Pt-PPy nanorods. This mode however, does not afford selective attachment of cargo to the tip 
of the rods necessary to ensure translation of rods and to minimize the drag force. To improve the selectivity of 
attachment, a self-assembled monolayer of biotin terminated disulfides was formed at the Au tips of the rods. 
Subsequently, the biotin-streptavidin linkage was used to attach streptavidin coated microspheres. Alternative 
particle lithography techniques to selectively functionalize the tips of the rods and the effect of cargo size on rod 
speeds are problems under investigation. Future directions include the possibility of unloading the cargo via external 
stimuli.  

 
COLL 234 Change in pore size of mesoporous silica with the isomerization of plated azobenzene  
Hiromi Ogino, Toshihiro Tanaka, and Masakazu Iwamoto, Chemical Resources Laboratory, Tokyo Institute of 
Technology, 4259-R1-5 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, Fax: +81-45-924-5228, 
h.ogino@org.res.titech.ac.jp  

The photocontrol of the pore size of mesoporous silica having uniform pores by loading of azobenzene has been 
attempted by several researchers. As far as we are aware, however, no report claims the confirmation of real 
change in the pore size with the isomerization. We prepared azobenzene-planted MCM-41 (Az-M41) through 
surface silylation of MCM-41 by using triethoxy[4-(phenylazo)phenyl]silane. The trans to cis isomerization efficiency 
of azobenzene groups on MCM-41 was approximately constant (40-60%) and independent on the pore diameter of 
parent MCM-41 below ca. 0.9 group/nm2 of the planting density of Az group. The change in the pore size upon the 
trans to cis isomerization was confirmed by the blue-shift of UV-Vis absorption spectrum 4-
dimethylaminobenzilydenemalononitrile loaded in the Az-M41's pore upon UV irradiation. The increment in the pore 
size of approximately 1.0 nm could be concluded on the basis of the quantitative analysis of the shift.  

 
COLL 235 Characterization of plasma-derived Pd/gamma-Al2O3 with unique catalytic properties for selective 
hydrogenation of acetylene  
Chunkai Shi and Ben W-L. Jang, Chemistry Department, Texas A&M University-Commerce, PO Box 3011, 
Commerce, TX 75429, Fax: 1903-4686020, chunkai_shi@tamu-commerce.edu, ben_jang@tamu-commerce.edu  

Supported nano-size palladium catalysts were prepared using a radio frequency non-thermal H2 plasma to modify 
gamma-alumina impregnated with Pd(NO3)2 precursors. The plasma-treated catalyst showed much higher 
selectivity and activity than the calcined catalyst for selective hydrogenation of acetylene in the presence of ethylene 
at low temperatures. In order to understand the plasma effects, catalysts are systematically characterized with 



techniques of XRD, FTIR, H2-TPR, CO-Chemsorption, STEM, and SEM. Current results indicate that Pd metal 
particles are well dispersed with a mean diameter of 6 ~ 8 nm on gamma-Al2O3 surface. This suggests that RF non-
thermal plasma treatments can effectively reduce surface Pd(NO3)2 to metal Pd particles with controllable nano-
sizes. Catalyst modification via RF plasma treatments represents an effective way to manipulate surface properties 
for the design of novel catalysts for selective hydrogenation reaction.  

 
COLL 236 Characterization of small Au monolayer protected clusters using electrospray mass spectrometry  
Joseph B. Tracy1, Gregory Kalyuzhny1, Laurent D. Menard2, R. Balasubramanian1, Jai-Pil Choi1, Matthew C. 
Crowe1, Ralph G. Nuzzo2, and Royce W. Murray1. (1) Kenan Laboratories of Chemistry, University of North Carolina, 
Chapel Hill, NC 27599-3290, jtracy@unc.edu, (2) School of Chemical Sciences and the Frederick Seitz Materials 
Research Laboratory, University of Illinois  

We report results for electrospray ionization (ESI) mass spectrometry (MS) of Au monolayer protected clusters 
(MPCs) of diameter 1-2 nm with selected mixed monolayers. In this size regime, transmission electron microscopy 
(TEM) is of limited utility, but ESI-MS provides information about the size and stoichiometry of the MPCs. We have 
observed manifolds for the +3, +4, and +5 charge states, which are composed of peaks corresponding to MPC 
species with differing numbers of ligands. ESI-MS enables a detailed study of the chemistry of Au MPCs, and we are 
applying it in studies of aging and redox chemistry of Au MPCs.  

 
COLL 237 Cis-selective ring-opening reactions of 1-arylcyclohexene oxides on mesoporous silica catalyst  
Kosuke Kaizuka, Hiroshi Kadoma, Haruro Ishitani, and Masakazu Iwamoto, Chemical Resources Laboratory, 
Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, 
k.kaizuka@org.res.titech.ac.jp  

Recently, the unique solid acid property of mesoporous silica material MCM-41 was reported from the present and 
the other groups. We studied here MCM-41-catalyzed ring opening reactions of epoxides with water or alcohols, and 
compared the stereoselectivity with that in homogeneous acid catalysis. On MCM-41, 1-phenylcyclohexene oxide 
reacted with water and yielded the corresponding diol in high cis-selectivity. Even when we employed the substrates 
with highly electron-withdrawing groups such as p-CF3Ph, the high cis-selectivity remained unchanged. On the other 
hand, in the sulfuric acid-catalyzed hydration the selectivity was linearly dependent on the Hammett's substituent 
constant of each group and for example the p-CF3Ph group gave the high trans-selectivity. It is suggested that 
cationic intermediate derived from SN1 cleavage was stabilized in the pore of MCM-41. The similar tendency was 
observed in the ring-opening reactions with alcohols. The bulky alcohols gave the greater cis-selectivity.  

 

 
COLL 238 Computational studies of mercury adsorption on metal surfaces  
Janice A. Steckel, National Energy Technology Laboratory / Parsons Projects Inc, P.O. Box 10940, Pittsburgh, PA 
15236, Fax: 412-386-5920  

Metals including palladium and gold are being studied for use as mercury adsorbents in the flues of coal power 
plants. Gold is already used in mercury detection devices. However, little is understood about the nature of the 
interaction of mercury with metal surfaces and under which conditions such metal surfaces may catalyze the 
oxidation of mercury. In this project, the goal is to use Density Functional Theory (DFT) calculations to characterize 
the interaction of mercury with metal surfaces including copper, nickel, palladium, silver and gold. In addition to 
providing fundamental information about the interaction of mercury with specific metal surfaces, comparisons across 
the series of metals (3d, 4d and 5d) will provide further insight.  

 



COLL 239 Coulomb interactions of molecular probes with interfaces in reverse micelles with charged 
surfactants  
Myles Sedgwick, Bharat Baruah, Debbie C. Crans, and Nancy E Levinger, Department of Chemistry, Colorado 
State University, Fort Collins, CO 80523-1872  

Understanding how charged species interact with charged interfaces can drive chemistry occurring there and thus is 
fundamentally important. Solving the electric double layer potential for these charged interfaces allows us to explore 
molecule and particle interactions with them. Using spheres and spheroids, modeled as rigid particles with constant 
potential and charge density, we examine Coulomb interactions. We compare results from these theoretical 
calculations to experiments probing vanadium(V) oxoanions interacting with interfaces in Aerosol OT (AOT) reverse 
micelles. Speciation and 51V NMR spectroscopy confirm the environment of the vanadium oxoanion. The simulation 
shows that highly charged particles, like decavanadate V10O286- (V10) reside at the center of the reverse micelle, 
when assumed that the V10 is completely spherical  

 
COLL 240 Crystal splitting as a means of creating branched nanocrystals demonstrated with Bi2S3  
WITHDRAWN  

Novel Bi2S3 nanostructures with a sheaf-like morphology are obtained via a simple colloidal solution method. We 
propose these structures form by the splitting crystal growth mechanism, just as what occurs in some minerals in 
nature. By controlling the synthetic parameters, different forms of splitting, analogous to observed in minerals, are 
obtained in our case of Bi2S3. This work demonstrates that crystal splitting can be exploited as another means of 
creating artificial branched nanocrystals.  

 
COLL 241 Design of nanostructured materials from self-assembling peptide systems  
Ipsita A Banerjee, Monica Z. Menzenski, and Robert Tamayev, Department of Chemistry, Fordham University, 441, 
East Fordham Road, Bronx, NY 10458  

The growth and self-assembly of peptide bolaamphiphiles containing Phe, Val, Tyr, Thr and Leu amino acids as 
head groups was studied. The chain length connecting the amino acid head groups was varied between three and 
ten carbons for each of the monomers. The self-assembly process was studied at hydrophobic-hydprophilic 
interfaces, in various solvents as well as on substrates such as gold and mica. Additional studies were carried out at 
varying pH in aqueous solutions. It was observed that the shorter chain compounds did not result in significant yields 
of nanotubes and nanorods in aqueous solutions. However, as the chain length was increased, they tend to fold-up 
to form nanotubular structures. In some cases nanofibres and nanovesicles were also observed. The nanofibre, 
nanorod as well as the nanotube formation mechanisms were probed by infra-red spectroscopy, electron microscopy 
and atomic force microscopy. Such materials can be used for device fabrications for sensors, electronics, biomedical 
applications and magnetic materials. To probe the effect of longer peptide sequences the self-assembly of the 
peptides containing a part of the crustacean erythrophore hormone, the beta amyloid peptide and anorexigenic 
peptide were studied. It is well known that the beta-amyloid peptide folding is one of the causes for Alzhiemers 
disease. The sequence containing the anorexigenic peptide is known to suppress feeding behavior. Investigation of 
the self-assembly process of such peptides can give further insight into their mechanism of action and in future may 
help find a cure for some of the diseases.  

 
COLL 242 Droplet movement on energy gradient surfaces  
Feng Song and Bi-Min Zhang Newby, Department of Chemical and Biomolecular Engineering, The University of 
Akron, Akron, OH 44325-3906, fs9@uakron.edu  

A convenient contact printing modified technique was used to generate continuous gradients of 
octadecyltrichlorosilane on Si-wafer. With this approach, gradient surfaces, from micrometer to millimeter-scale, 
having various gradient steepness were generated. These surfaces allowed the evaluation of size-dependent liquid 
droplets movement and the determination of the critical factors behind the droplet movement by the “Marangoni 
effect”. As the system scaled down, it was found that the interfacial friction force became more important while the 
contact angle hysteresis force might not play an important role on the droplet movement.  



 
COLL 243 Effect of rhamnolipid biosurfactant on bacterial cell surface properties: Evaporative deposition 
and direct force measurements  
WITHDRAWN  

Lipopolysaccharides (LPS) are a primary component of the outer membrane of Gram negative bacteria and are 
thought to be important in mediating bacterial adhesion to surfaces. The presence of low amounts of rhamnolipid 
biosurfactant has been shown to cause the cell surface of Pseudomonas aeruginosa to become hydrophobic 
through release of LPS. Evaporation directed assembly is being used to deposit two-dimensional monolayer 
bacterial films on mica. Spatial patterns in the films are analyzed and a surface force apparatus is employed to 
measure adhesion and elasticity of the cells as a function of rhamnolipid pretreatment. We hypothesize that the 
release of LPS will degrade the ability of P. aeruginosa to withstand compression and may affect networked spatial 
patterning, adhesion, and elasticity.  

 
COLL 244 Effects of gas/surface collisions on octanethiol self-assembled monolayers  
Daniel P. Fogarty and S. Alex Kandel, Department of Chemistry and Biochemistry, University of Notre Dame, 251 
Nieuwland Science Hall, Notre Dame, IN 46556, dfogarty@nd.edu  

The dynamics of high-energy gas/surface collisions are investigated using in situ scanning tunneling microscopy. 
Octanethiol self-assembled monolayers are bombarded with a range of reactive and non-reactive species, and 
structural and chemical changes of the organic film resulting from this bombardment are investigated at the 
molecular level. Close-packed monolayers are found to be extremely stable, and remain virtually unchanged even 
after multiple high-energy collisions. In contrast, monolayer defects created during film deposition provide a 
significantly more reactive local surface environment.  

 
COLL 245 Effects of ionizing radiation on gold nanoparticle-DNA conjugates  
Joshua D. Carter, Ting Guo, and Tu Tran Huynh, Department of Chemistry, University of California, One Shields 
Ave, Davis, CA 95616, jcarter@ucdavis.edu  

Using electrostatic interactions and intercalating ligands we have attached varying types of gold nanoparticles to 
supercoiled DNA and tested the effects of ionizing radiation on these systems. The gold nanoparticle-DNA 
conjugates were studied using atomic force microscopy, transmission electron microscopy, photoluminescence, and 
gel electrophoresis. Potential applications of these studies range from enhancing radiation therapy to in-vivo 
imaging. The effects of gold nanoparticle ligand and buffer system on the radiation testing will also be presented.  

 
COLL 246 Electrochemistry of 2D networks of carbon nanotubes  
Pornnipa Vichchulada, Tasaday Lynch, and Marcus D. Lay, Department of Chemistry, University of Georgia, 1001 
Cedar St., Athens, GA 30602, Fax: 706-542-9454  

Electrochemical studies of 2-dimensional networks of carbon nanotubes (CNTs) will be presented. A new method of 
creating electrically continuous arrays of CNTs has been used to investigate electrodeposition of nanostructures at 
highly oriented nano-scale templates. Unidirectional air flow was used to order CNTs in aqueous suspension and 
deposit them on a hydrophobic SAM-modified surface (i.e. 3-aminopropyl-triethoxysilane on Si/SiOx). These 2-
dimensional networks of CNTs show potential as a method of circumventing the difficulties associates with lack of 
control over the electrochemical properties of individual CNTs. For a random distribution of CNTs, density control is 
the major factor controlling device properties, as fluctuations in characteristics of individual CNTs are averaged. 
These ordered arrays of CNTs exhibited anisotropic electrical conductivity over macroscopic lengths (up to 3”), and 
have shown promise in a wide variety of electrochemical applications. Electrochemical reduction of water-soluble 
diazonium salts will be discussed.  

 
COLL 247 Enantioselective adsorption on Pt(111) single-crystal surfaces templated with enantiopure 2-
methylbutanoic acid  



Ilkeun Lee, Department of Chemistry, University of California, Riverside, CA 92521, ilkeun@ucr.edu, and Francisco 
Zaera, Department of Chemistry, University of California, Riverside  

In order to probe the possible formation of chiral surface suprastructures, the adsorption of (S)-(+)-2-methylbutanoic 
acid was characterized on a Pt(111) single-crystal by using temperature-programmed desorption and reflection-
adsorption infrared spectroscopy. It was found that chiral superstructures do indeed form upon thermal 
dehydrogenation of the adsorbed acid to produce enantiopure 2-methylbutanoate species. The enantioselectivity of 
those layers was probed via a comparative study of the adsorption of the two enantiomers of propylene oxide. It was 
found that the templated surfaces are capable of adsorbing more (S)-propylene oxide than (R)-propylene in an 
intermediate 2-methylbutanoate coverage range. This contrasts with the lack of enantioselectivity previously 
reported for the same adsorbate on Pd(111). The adsorption energetics of (R)- vs. (S)-propylene oxide on (S)-(+)-2-
methylbutanoate were also compared to that on (S)-2-butoxide, a simpler chiral superstructure.  

 
COLL 248 Equation of state approach to study the effect of ionic strength and temperature on protein 
properties at fluid interface  
Véronique Aguié-Béghin1, Laurence Foulon1, Mohamed Daoud2, and Roger Douillard1. (1) INRA, UMR FARE 
Equipe Parois Végétales et Matériaux Fibreux, 2 Esplanade R. Garros, Reims 51686, France, aguie@reims.inra.fr, 
(2) CEA, Service de Physique de l'Etat Condensé  

Protein molecules are amphiphilic because of the occurrence of polar and nonpolar side chains in the amino acids. 
Their adsorption at fluid interfaces should have some common features with some surface properties of others 
copolymers which were widely studied lately. The use of a scaling law approach have been previously developped to 
the understanding of the relationships between the sequence of the asymmetric hydrophobic/hydrophilic block 
copolymer (proteins) and their surface properties. It allows to evaluate the state equation of the adsorption layer by 
surface pressure versus surface concentration and/or dilational modulus versus surface pressure measurements. It 
was verified under some conditions that the experimental data obtained during the course of a slow adsorption of the 
protein comply with the block copolymer behaviour and the elastic contribution of dilational modulus was only 
measured. According to the model, the exponent y2 relating the surface pressure and the surface concentration or 
the slope y2 relating to the dilational modulus and the surface pressure in the first semi-dilute regime is characteristic 
of the fractal dimension of the 2-D polymer arrangement (y2) protein in the gaseous regime. Experimental data of 
protein model (beta-casein) at gas/buffer interface are measured in the range of ionic strength of 0 to 100 mM and at 
temperature between 10°C and 60°C. The comparison between experimental and theoretical data allows an insigth 
into the influence of the non-covalent bonds (electrostatic and hydrogen bonds) between monomers of beta-casein 
on the equation of state.  

 
COLL 249 Etching of twin defects enables selective synthesis of pentagonal nanowires, nanocubes, or right 
bipyramids  
Benjamin Wiley and Younan Xia, Department of Chemistry, University of Washington, Seattle, WA 98195, 
wileyb@u.washington.edu  

By controlling the presence of twin defects in silver nanoparticle seeds, we can selectively grow them into 
pentagonal nanowires, nanocubes with controllable corner truncation, or right bipyramids. The key to removal of 
twinned particles is oxidative etching. Without oxygen in the reaction, five-fold twinned decahedrons preferentially 
form due to their lower surface energy, and these seeds grow anisotropically into pentagonal nanowires. With the 
addition of chloride and oxygen, twinned particles are etched away, leaving only single crystal seeds that grow to 
form nanocubes. If bromide is added in place of chloride, an intermediate level of etching results in formation of 
seeds with a single twin that grow to form right bipyramids. The symmetry of plasmon resonance within each of 
these nanostructures is distinct, and thus each has a unique spectral signature that may find application in multiple-
analyte surface plasmon resonance sensors.  

 
COLL 250 Fabrication and characterization of multiporphyrin-imide on Si(100) for molecular-based 
information-storage devices  
Jieying Jiao1, Franklin Anariba1, Hugo Tiznado1, Izabela Schmidt2, Jonathan S. Lindsey2, Francisco Zaera1, and 



David F. Bocian1. (1) Department of Chemistry, University of California, Riverside, Riverside, CA 92521-0403, Fax: 
951-827-4713, Jieying.Jiao@ucr.edu, (2) Department of Chemistry, North Carolina State University  

A major challenge in molecular electronics and related fields entails the fabrication of elaborate molecular 
architectures on electroactive suefaces to yield hybrid molecular-semiconductor systems. A method has been 
developed for the stepwise synthesis of oligomers of porphyrins linked covalently via imide units. A triallyl-porphyrin 
bearing an amino group serves as the base unit on Si(100). The alternating use of a dianhydride and a porphyrin-
diamine for reaction enables the rapid and simple buildup of oligomers composed of 2–5 porphyrins. The charge 
densities of the porphyrin oligomers were determined via electrochemical methods and the stepwise growth of 
porphyrin was evaluated in detail via FTIR and XPS studies. The thickness is also evaluated by using a combination 
of ellipsometry, AFM height profiling and XPS. These studies indicated that high charge density, ultra-thin 
multiporphyrin films with relative well-controlled thickness can be grown in a stepwise fashion using the imide-
forming reaction.  

 
COLL 251 Formation kinetics of tin hydrooxide nanoparticles prepared via reverse microemulsion  
Bing-Hung Chen, Ming-Tong Kuo, and Chun-Han Chen, Department of Chemical Engineering, National Cheng 
Kung University, 1 University Road, Tainan 70101, Taiwan, Fax: 886-6-2344496, bkchen@mail.ncku.edu.tw  

Formation kinetics of tin hydroxide nanoparticles by reverse microemulsions was carried out using the UV/Visible 
light spectroscopy, dynamic light scattering, an SEM equipped with an EDX and a TEM. The Sn+4 solution and the 
NH4OH solution were contained in the cores of the reverse microemulsions as the reactant and the reducing agent. 
Tin hydroxide nanoparticles of about 10 nm in sizes were formed when the reverse microemulsions containing the 
aforementioned reactant and reducing agent were brought into contact. The Beer-Lambert's law was successfully 
employed. It was found that the apparent reaction order of the formation reaction is only 0.5 in Sn+4 concentration.  

 
COLL 252 GaN-based structures with photon-assisted wet etching  
Wei-Hsiu Hung1, Jung-Min Hwang Huang2, and Huey-Liang Hwang2. (1) Department of Chemistry, National Taiwan 
Normal University, Taipei 106, Taiwan, Fax: +886-2-9324249, whung@ntnu.edu.tw, (2) Department of Electrical 
Engineering, National Tsing-Hua UniVersity  

Photoelectrochemical (PEC) etching produces rough surfaces and sidewalls on a GaN-based light-emitting diode 
(LED) that improve the transmission of light from the active layer. The i- and n-GaN samples etched with an 
electrodeless PEC (ELPEC) method in a solution of KOH and K2S2O8 form surfaces with pyramidal structures, 
whereas a p-GaN surface is inert to this method. The p-GaN becomes significantly etched with the ELPEC method 
under a chopped UV source (ELPEC-CS) and then produces a rough surface; the rate of ELPEC-CS etching and 
the roughness of the etched surface depend on the chopper frequency of the UV source and the material of the 
etching mask. ELPEC-CS etching has been applied also to a layer structure of p-GaN/GaN, resulting in a rough 
surface and sidewall. We demonstrate the fabrication of the first blue LED with the ELPEC-CS method.  

 
COLL 253 Gold nanoparticle based miniaturized laser induced fluorescence probe for specific DNA 
hybridization detection: Studies on size dependent optical properties  
Paresh Chandra Ray, Department of Chemistry, Jackson State University, Jackson, MS, 
paresh.c.ray@ccaix.jsums.edu  

A compact, highly specific, inexpensive and user friendly optical fiber laser-induced fluorescence (LIF) sensor based 
on fluorescence quenching by nanoparticles has been developed to detect single-strand (ss) DNA hybridization in 
femtomolar level. The fluorescence of ss-DNA increases by a factor of 80 when it binds to a complimentary DNA 
while the addition of single-base mismatch DNA had no effect on the fluorescence efficiency. We present theoretical 
and experimental results on dye fluorescence quenching induced by gold nanoparticles having different particle 
sizes. Fluorescence spectra clearly show that the quenching efficiency decreases with increasing size of the gold 
nanoparticles and increasing the distance between dye and nanoparticles. The mechanism of size and distant 
dependence fluorescence quenching will be discussed. Effects of various influential experimental parameters and 
configuration were investigated in order to optimize and miniaturize the sensor performance.  



 
COLL 254 Gravity-induced flocculation of Brownian particles in quiescent media  
You-Im Chang, Department of Chemical Engineering, Tunghai University, Taichung 40704, Taiwan, Fax: 00886-4-
23590009, yichang@mail.thu.edu.tw  

The main scope of the present paper is to study the rigorous problem of coupled gravity-induced/Brownian 
flocculation for the strong Brownian/weak gravity case, by solving the coupled Langevin type equations on 
determining the Brownian particles' collision trajectories. When comparing with the previous results, our numerical 
calculated flocculation rates are as good as those solutions obtained from using the singular perturbation expansion 
method to solve the steady state governing convective diffusion equation. Our solutions also confirm that the effect 
of Brownian diffusion can decrease the flocculation rates of colloidal particles under the condition of strong 
Brownian/weak gravity.  

 
COLL 255 Heterogeneous catalysis of light-emitting polymers for use in PLED devices  
Brett M. Silverman1, Bing Zhou1, and Changkun Liu2. (1) Headwaters NanoKinetix, Inc, 1501 New York Avenue, 
Lawrenceville, NJ 08648, Fax: 609.394.9602, bsilverman@headwaters.com, (2) Headwaters Nanokinetix Inc  

At the forefront of nanotechnology today is the development of optical electronic devices based on polymer light-
emitting diodes (PLEDs). The major limitation in the commercialization of PLED technology is the effective lifetime of 
blue diodes.  

Blue light, being the most energetic visible light, often contributes to the generation of significant heat which can lead 
to a decrease in device performance. One theory is that the residue of noble metals in the polymer may accelerate 
the degradation of the blue polymer under exothermic circumstance. It is of much interest to develop synthetic 
methodologies that would enable the synthesis of light emitting polymers with very low concentrations of noble metal 
catalyst residues.  

This research focuses on using Headwaters NxCat™ technology to synthesize heterogeneous catalysts used in 
Suzuki Coupling reactions. The catalysts are stable to reaction conditions, recyclable, and the polymer products 
have significantly reduced Pd content (≈10 ppm).  

 

 
COLL 256 Homopolymeric assemblies as drug delivery  
WITHDRAWN  

Polymeric hollow spheres are of great interest for many applications, particularly, as drug delivery vehicles. The 
most studied procedure often involve the formation of micelles from block copolymers in selective solvents, cross-
linking of the corona, and removal of the core by chemical degradation. However, this approach is limited by the 
difficulties of synthesizing the block copolymers containing both cross-linkable and degradable blocks. Here we 
demonstrate the formation of responsive hollow spheres in water by assembling two homopolymers. Such 
supramolecular assemblies demonstrate reversible association and disassociation at different pHs. Model drug 
molecules can be readily incorporated into the supramolecular carriers and released at controlled conditions, 
indicating potential applications for drug delivery. The control of assembly and function exhibited in the system is a 
significant progress towards the synthesis of the advanced materials.  

 



COLL 257 Hydrogen-bonding-directed layer-by-layer films: Effect of electrostatic interaction on the 
microporous morphology variation  
WITHDRAWN  

In this study, we focus on the effect of electrostatic interaction during the layer-by-layer process of the morphology 
variation. Two kinds of partially quaternized poly(4-vinylpyridine) (PVPQn) with different quaternization degrees (i.e., 
charge ratios) were synthesized, and the PVPQn/PAA LbL films were prepared. After immersion in basic solution, 
the morphology variation of these films was investigated. We found that only a slight charge ratio in the PVPQn 
chains had a great effect on the morphology variation of the films. The obtained results help better understand the 
reconformation mechanism of polymer chains on the substrates induced by basic solution post-treatment.  

 
COLL 258 Impact of environmental macromolecules and contaminants on physical chemical properties of 
engineered nanomaterials  
Zhihua Xu, Department of Civil, Construction and Environmental Engineering, Oregon State University, Corvallis, 
OR 97330, zhihua.xu@rice.edu, and Qilin Li, Department of Civil and Environmental Engineering, Rice University  

The environmental implication of engineered nanomaterials is the biggest concern with the industrial scale 
manufacturing of these nanomaterials. However, the fate and transport of engineered nanomaterials in soil and 
aqueous environments has not been well understood. Physicochemical properties such as size, surface charge of 
the nanoparticles in the aqueous environment are critical factors controlling the transport behaviors of these 
nanoparticles. In this study, relevant physicochemical properties of two carbon-based nanomaterials, a 
semiconductor nanoparticle, and a mineral oxide nanoparticle in the condition simulating natural aqueous 
environments were carefully characterized. Emphasis was put on the effects of naturally occurring environmental 
macromolecules, e.g. humic acid and fulvic acid, as well as common organic contaminants such as man-made 
surfactants on the physicochemical properties and the consequent aggregation and transport behaviors of the 
nanomaterials. The impact of solution chemistry on the interactions between the macromolecules and the 
nanomaterials was also investigated.  

 
COLL 259 In vitro selection on surfaces (ISOS): Harnessing biological diversity for rational control of 
nanocrystal shape  
Scott F. Sweeney1, Amy E. Mahady2, J. Andrew Berglund2, and James E. Hutchison1. (1) Department of Chemistry 
and Materials Science Institute, University of Oregon, 1253 University of Oregon, Eugene, OR 97403, 
ssweeney@uoregon.edu, (2) Institute of Molecular Biology, University of Oregon  

The synthesis of gold nanocrystals typically relies upon surfactants as directing agents. Unfortunately, a lack of 
specificity of the surfactant for a given crystal face, for example Au (111) vs. Au (100), can lead to mixed populations 
of nanocrystals. Identification of molecules with a higher specificity for a given crystal face could prove useful in 
improving current syntheses by selecting for either rods or prisms. In vitro selection or SELEX (Systematic Evolution 
of Ligands by Exponential Enrichment) has emerged as a powerful and useful technique for the discovery of RNA 
and DNA aptamers for a wide variety of applications from pharmaceuticals to sensing. We have recently developed 
a new analogous technique, ISOS (In vitro Selection On Surfaces), that allows for in vitro RNA, DNA or peptide 
selection on any planar substrate. This technique has numerous potential applications in the synthesis and self 
assembly of nanomaterials. Here we describe (1) the development of the ISOS technique including the design of an 
ISOS microreactor for selecting RNAs, (2) the selection of RNA aptamers for planar gold substrates using the ISOS 
microreactor and (3) the synthesis of gold nanocrystals in the presence of RNA sequences isolated using the ISOS 
technique.  

 
COLL 260 Infrared spectroscopy of Si(100)/molecule/metal interfaces  
David F. Bocian and Franklin Anariba, Department of Chemistry, University of California, Riverside, Riverside, CA 
92521, Fax: 951-827-4713, david.bocian@ucr.edu  

The promise of incorporating molecules into microelectronic devices has stimulated a variety of approaches to 
making metal/molecule/metal and semiconductor/molecule/metal junctions for applications ranging from molecular 
diodes to memory devices. However, the fate of molecules upon top-metal deposition is generally not well 



characterized. Towards this goal, silicon surfaces were modified with monolayers of porphyrins that were covalently 
attached via carbosilane linkages using a high temperature (400 ºC under inert atmosphere) baking method. 
Subsequently, thin films (3 – 8 nm thick) of silver, gold, and copper were deposited onto the molecules by electron–
beam evaporation at low pressures. Attenuated total reflectance Fourier-transform infrared spectroscopy (ATR-
FTIR) was employed to interrogate the tethered porphyrins in the buried interface, and thereby assess their integrity 
upon top-metal deposition, and to examine metal – organic functional group interaction.  

 
COLL 261 Interaction of H2O with MgO(100) as studied with ambient pressure photoemission spectroscopy  
David E Starr1, Guido Ketteler2, Susumu Yamamoto3, Tom Kendelewicz4, Gordon E Brown Jr.4, Anders Nilsson3, 
Miquel Salmeron2, and Hendrik Bluhm1. (1) Chemical Sciences Division, Lawrence Berkeley National Laboratory, 
Berkeley, CA 94720, destarr@lbl.gov, (2) Materials Sciences Division, Lawrence Berkeley National Laboratory, (3) 
Stanford Synchrotron Radiation Laboratory, (4) Department of Geological and Environmental Sciences, Stanford 
University  

Water-oxide interactions play an important role in chemical, environmental and biological systems. Even though 
these systems have been extensively studied, the nature of the water-oxide interface remains poorly understood. 
Due to its simplicity and environmental relevance, the MgO(100) surface has become a prototype for studying such 
interactions. However, basic issues such as molecular versus dissociative adsorption at the H2O/MgO(100) interface 
have not been resolved. We have utilized Ambient Pressure Photoemission Spectroscopy at beamline 11.0.2 of the 
Advanced Light Source to address such questions. This unique experimental set-up is capable of performing 
photoemission experiments in the Torr pressure range allowing measurements of the H2O/MgO(100) interface 
under equilibrium conditions. We will present experimental results relating to the degree of dissociation and uptake 
of H2O on a MgO(100) thin film grown on Ag(100) at equilibrium conditions and compare these results to the current 
understanding of this important prototypical system.  

 
COLL 262 Interaction of vapor-deposited metals with thin films of tris-(8-hydroxyquinoline) aluminum (Alq3) 
by surface Raman spectroscopy  
Robert J. Davis and Jeanne E. Pemberton, Department of Chemistry, University of Arizona, 1306 East University 
Blvd, Tucson, AZ 85721, Fax: 520-621-8248, rjdavis@email.arizona.edu  

Tris-(8-hydroxyquinoline) aluminum (Alq3) is a widely used electron-transport/light-emitting layer in organic light-
emitting devices. The integrity of the interface between Alq3 and low work function metals such as Al, Ca and Mg is 
essential to forming devices with long lifetimes and high efficiencies. Toward this end, these interfaces have been 
studied extensively using X-ray photoelectron spectroscopy (XPS), ultraviolet photoemission spectroscopy (UPS), 
and near-edge X-ray adsorption (NEXAFS). However, few investigations have studied directly the molecular 
structure of the interface formed between Alq3 and vapor-deposited low work function metals used to form ohmic 
contacts. Surface Raman spectroscopy has been used to investigate structural changes in thin, amorphous Alq3 
layers upon vapor-deposition of low work function metals including Al, Ag, Ca and Mg in UHV. Results suggest 
substantial structural changes and the formation of metal/organic conjugates for Al, Ca and Mg at the interface. 
Attempts to correlate the structural changes observed by Raman spectroscopy with theoretically predicted Alq3 
metal adducts are reported.  

 
COLL 263 Interfacial properties of a new class of chiral water-immiscible room temperature ionic liquids  
Julie B. Rollins and John C. Conboy, Department of Chemistry, University of Utah, 315 S. 1400 E. RM 2020, Salt 
Lake City, UT 84112, Fax: 801-587-9919, rollins@chem.utah.edu  

Room temperature ionic liquids (RTIL) have recieved much interest in areas such as organic reactions, 
electrochemistry, and catalysts. Water-immiscible RTILs in particular, have also shown promise in liquid/liquid 
extractions. We have synthesized and characterized several chiral water-immiscible RTILs for non-aqueous 
extractions. The physical properties of these new RTILs, density, viscosity, water content, conductivity, and 
electrochemical stability, have been examined. In addition, the surface and aqueous interfacial tensions of these 
RTILs have been measured. Chiral second harmonic generation spectroscopy (C-SHG) was used to study the chiral 
nature of the interface between the RTIL and aqueous phase. The new chiral hydrophobic RTILs may serve as the 
organic phase in liquid/liquid separations with the possibility of enantiomeric preference of the R or S form of 



extracted molecules. These studies provide new information of the liquid/liquid interface between a chiral RTIL 
media and water.  

 
COLL 264 Investigating conformational switching using scanning tunneling microscopy  
Christopher M. Pochas1, Sanjini U. Nanayakkara1, Meaghan M. Blake1, Paul S. Weiss1, James M. Tour2, Christine 
McGuiness3, Orlando Cabarcos3, Austin Flatt3, and David L. Allara4. (1) Departments of Chemistry and Physics, The 
Pennsylvania State University, 104 Davey Laboratory, University Park, PA 16802, Fax: 814-863-5516, 
cmp294@psu.edu, (2) Department of Chemistry and Center for Nanoscale Science and Technology, Rice 
University, (3) Department of Chemistry and Materials Research Institute, The Pennsylvania State University, (4) 
Department of Chemistry and The Materials Research Institute, The Pennsylvania State University  

We have observed conductance switching for individual 4-{methyl-[4-(methyl-phenyl-amino)-phenyl]-amino}-
benzenethiol (PAPAB) molecules inserted into octanethiolate self-assembled monolayers on Au {111} using 
scanning tunneling microscopy. Individual PAPAB molecules exhibited an intermediate conductance state between 
the maximum and minimum states, and showed preferential switch activity at negative tip bias voltages. The bias 
polarity preference is discussed in terms of the direction of the molecular dipole. Previously, we have shown that 
conductance switching is a result of a hybridization change at the molecule-substrate interface. In the case of 
PAPAB molecules, we hypothesize that the intermediate state may be a result of low energy barriers between 
conformational isomers of the molecule, which are attained by a hybridization change at the tertiary amino groups 
linking the aromatic rings.  

 
COLL 265 Long-range structural order, moiré patterns and iridescence in latex-stabilized foams  
Steven P. Armes, Syuji Fujii, and Anthony J Ryan, Department of Chemistry, University of Sheffield, Brook Hill, 
Sheffield, England, Fax: +44-114-2229342, s.p.armes@sheffield.ac.uk  

Near-monodisperse, sterically-stabilised polystyrene latex particles have been used to prepare latex foams either by 
hand-shaking or by using a foam column. Electron microscopy confirms that the latex particles have exquisite long-
range order in the dried foams. Prior to drying, each air bubble is stabilised by a monolayer of adsorbed latex 
particles. The dried foams comprise latex bilayers, which leads directly to moire patterns and multi-color diffraction 
effects. The efficiency of foam formation and its long-term stability is compromised if smaller, submicrometer-sized 
latexes are used. The steric stabilizer employed in these studies is poly(N-vinylpyrrolidone), although other 
polymeric stabilizers are also effective. Similarly, latex cores other than polystyrene, e.g. poly(methyl methacrylate), 
can be used for foam stabilization. Thus this phenomenon appears to be quite generic. Thermal annealing of the 
polystyrene latex foams allows iridescent foam fragments to be dispersed in various media. Possible applications 
include security inks, cheap jewelry and cosmetics.  

 
COLL 266 Multi-scale dynamics of a tethered membrane  
Ras B. Pandey, Department of Physics and Astronomy, The University of Southern Mississippi, Hattiesburg, MS 
39406-5406, ras.pandey@usm.edu, Kelly L. Anderson, Corporate Research Modeling & Simulation, Procter & 
Gamble, 11810 E. Miami River Road, Cincinnati, OH 45252, and B. L. Farmer, Materials and Manufacturing 
Directorate, Air Force Research Labs  

Stochastic dynamics of a tethered membrane with a bond-fluctuating coarse-grained Monte Carlo simulation shows 
non-diffusive behavior sensitive to the type of membrane, its size, quality of the solvent, and the time scale of 
observation. Nodes of a coarse grained sheet are connected by fluctuating bonds on a cubic lattice. Empty lattice 
sites constitute an effective solvent medium via node-solvent interaction. Each node executes its stochastic motion 
with the Metropolis algorithm subject to bond fluctuations, excluded volume constraints, and interaction energy. 
Dynamics and conformation of the sheet are examined at a multiple temperatures with varying node-node 
interactions for the contrast of different solvent media. Relaxation of the gyration radius and scaling of its asymptotic 
value with the molecular weight are examined.  Motion of the center node is described by the variation of the mean 
square displacement (R2

n) with time step (t), i.e., R2
n ∝ t

2 ν with the exponent ν ~ 1/8 -  1/6 in the short time followed 
by subdiffusive power-laws (i.e., ν ~ 1/5, 1/10) in the intermediate time regimes before reaching diffusion ( ν = 1). 
The crossover between the in-plane wrinkle modes are identified from the segmental (node) motion of the node.  



 
COLL 267 Nanoring formation using metallic nanoparticle templates  
Cheng Zhang1, Changkun Liu2, Martin Fransson1, and Bing Zhou1. (1) Headwaters NanoKinetix, Inc, 1501 New 
York Avenue, Lawrenceville, NJ 08648, Fax: 609.394.9602, czhang@headwaters.com, bzhou@headwaters.com, 
(2) Headwaters Nanokinetix Inc  

Aqueous colloidal chemistry plays an important role in the development of “bottom-up” nanomatrials and 
nanotechnologies. At Headwaters Technology Innovation Group (HTIG) it has been applied with great success in the 
search for more selective and active heterogeneous mono- and bimetallic nanocatalysts. Drawing upon controlled 
characteristics on the nano-scale, such as uniform and controllable size and composition, the catalyst nanoparticles 
can be used in the search for novel materials.  

HTIG has developed a new carbon material, the carbon nanorings, using metallic nanoparticles as a template in a 
controlled pyrolysis of certain carbon precursor materials. At “large-scale” (> 0.5 microns) the nanorings resemble a 
low-structure carbon black. However, on the nano-scale (<100 nm) it becomes apparent that the primary aggregates 
consist of graphitized nanorings, which alter the chemical and physical properties of the carbon material.  

Potential applications include:Heterogeneous catalyst support, Anode/Cathode in Li-batteries, Polymer additive, 
Filters, Hydrogen storage  

 
COLL 268 Nanoscaled Mg(OH)2 used as flame retardant additive  
Zhenhua Zhou, Zhihua Wu, Martin Fransson, and Bing Zhou, Headwaters NanoKinetix, Inc, 1501 New York 
Avenue, Lawrenceville, NJ 08648, Fax: 609.394.9602, mfransson@headwaters.com, bzhou@headwaters.com  

Headwaters Technology Innovation Group (HTIG) has applied aqueous colloidal chemistry with great success in the 
development of “bottom-up” nanomaterials and nanotechnologies. One such material is a nano-scaled magnesium 
hydroxide, Mg(OH)2, which is primarily used as a flame retardant additive, but also imparts excellent mechanical 
properties in light-weight construction materials. Commonly, halogenated (Br) flame retardants are used, but 
undesired properties such as excessive smoke and HCl formation, and increased performance in new 
environmentally friendly alternatives, has reduced their market share.  

The working principle is very simple and follows: Mg(OH)2 → MgO + H2O 1316 J/g (1)  

In order to maximize the water release and flame extinguishing effect, HTIG's manufacturing process allows for very 
small crystallites to form (~3 nm), leading to both a superior surface area and dispersion in the polymer/composite 
materials.  

Potential applications include flame retardant textiles, plastics/electronics, construction materials, airplanes, yachts  

 
COLL 269 Orientational mass transfer inside single colloidal silica sphere during hydrothermal treatment  
Peng Dong and Xiaodong Wang, State Key Laboratory of Veavy Oil Processing, China University of Petroleum 
(Beijing), Fuxue Road 18, Changping District, Beijing 102249, China, Fax: 86-10-69724721, p.dong@china.com  

The structure and its changes in single colloidal particle may be the most important for many colloidal applications. 
The phenomena of the orientational mass transfer inside single colloidal silica sphere during hydrothermal treatment 
was found, characterized and discussed. The colloidal silica spheres with radial density gradient which is internally 
looser and externally denser were prepared by an improved Stober method. Even so, some open micropores still 
exist at the surface of colloidal silica spheres. Their BET surface area is tens times greater than the geometric area 
calculated from the sphere diameter. After hydrothermal treatment, internally loose and externally dense structure of 
colloidal spheres is more evident. The results of nitrogen isothermal adsorption show that the BET surface area of 
the colloidal silica spheres is close to the geometric area. It means that the mesopores of the spheres are enveloped 
in a dense surface layer. To observe the structure changes in a single colloidal sphere, the sections of 2 µm colloidal 
sphere were cut before and after hydrothermal treatment for TEM examination (Figure)and analyzed the radial 
distributions of grey scale of the section images. As a reference, the solid colloidal sphere of 2 µm was made. 



Results demonstrated that an orientational mass transfer from interior to surface proceeds in the single colloidal 
silica sphere during hydrothermal treatment. The orientational mass transfer results in non-porous, instead of solid, 
microspheres with a novel structure. The mechanism of the orientational mass transfer was proposed.(Financial 
supports: National Basic Research Program of China (No. 2004CB217808) and National Natural Science 
Foundation of China (No. 20376046/20473108))  

 

 
COLL 270 Partitioning of polyethoxylated alcohol surfactants in microemulsion-oil-water systems  
Nelson Márquez, Bélgica Bravo, Gerson Chávez, Ana Beatriz Caceres, and Fredy Ysambertt, Lab. Petroquímica y 
Surfactantes, Departamento de Química-Facultad de Ciencias, Universidad del Zulia, Maracaibo 526, Venezuela, 
Fax: 58-261-7598125, nmarquez@zul.reacciun.ve  

Polyethoxylated alcohol and polyethoxylated nonylphenol oligomers selectively partition between the microemulsion-
oil-water phases of a Winsor III system. Partitioning of these oligomers was analyzed by HPLC with RI detection. 
The logarithm of the partition coefficient between the water and oil linearly increases with the number of ethylene 
oxide groups per molecule of oligomer. For a same ethoxylation degree, the partition coefficient of a polyethoxylated 
tridecanol is found to be higher than the one of the corresponding nonylphenol specie. On the other hand, a 
polyethoxylated nonylphenol exhibits a higher solubilization than the matching polyethoxylted alcohol. The partition 
coefficient between water and oil of the polyethoxylated alcohol surfactants was found to be higher than the one 
found for the corresponding polyethoxylated nonylphenol surfactants.  

 
COLL 271 Phase behavior of beta hydroxy- acids with Laureth 4  
Abeer F. Al-Bawab, chemistry Department, University of Jordan, amman 11942, Jordan, drabeer@ju.edu.jo  

The colloidal structures of beta carboxylic acid topical vesicle formulations were determined and the changes during 
evaporation after applications were estimated from phase diagrams. The results showed significant difference during 
evaporation between salicylic acid on one hand and three water soluble acids; malic, tartaric and citric acid, on the 
other. The water soluble acids showed an increase in the acid concentration in the aqueous solution to levels that 
must be considered harmful, while salicylic acid showed no increase in concentration in the individual phases even 
after 99 % evaporation of water.  

 
COLL 272 Photolithographic patterning for site-specific covalent attachment of fluorescent acrylodan using 
mixed monolayers of amino- and methyl-terminated silanes  
Clarissa L. Embach and Jeanne E. Pemberton, Department of Chemistry, University of Arizona, 1306 East 
University Boulevard, Tucson, AZ 85721, Fax: 520-621-8248, clarissa@email.arizona.edu  

A detailed understanding of solvent structure and hydrodynamics at the liquid-solid interface is necessary for a 
variety of applications. Fluorescence microscopy is being developed in this laboratory as a strategy for mapping the 
presence of solvent on emersed patterned surfaces containing roughness or chemical heterogeneity. In this work, 
patterned self-assembled monolayers formed with photolithography on the native silicon oxide layer on silicon 
substrates are used to investigate the influence of nanoscale surface roughness on contact line pinning. Regions of 
a self-assembled monolayer reactive toward 6-acryloyl-2-(dimethylamino)naphthalene (acrylodan), a solvatochromic 
fluorophor, are formed by adsorption from a mixed silane solution containing methyl- and amino-terminated 
trimethoxysilanes at different molar ratios. Surfaces are then patterned by masking with TEM grids and irradiating 
with a mercury pen lamp. The photolithographic patterning is followed by solution adsorption of a methyl-terminated 
silane in the remaining surface regions. These patterned surfaces are characterized by AFM and the retention of 
solvents of different polarities (water, methanol, acetonitrile, hexane) on the surface after emersion studied with 
fluorescence microscopy.  



 
COLL 273 Polymer dispersed biocompatible liquid crystals: A stable water-in-water emulsion by orthogonal 
molecular interactions  
Yan-Yeung Luk1, Karen A. Simon2, and Preeti Sejwal2. (1) Department of Chemistry; Department of Biomedical and 
Chemical Engineering, Syracuse University, 1-014 CST, 111 College Place, Syracuse, NY 13244, Fax: 315-443-
4070, yluk@syr.edu, (2) Department of Chemistry, Syracuse University  

Emulsion systems are mainly known to be stabilized by surfactants due to hydrophobic/hydrophilic interactions. In 
this work, we describe a recent discovery of a novel emulsion system that relies on two distinct set of molecular 
interactions without any surfactant, both of which are solved in water. This water-in-water emulsion involves 
dispersing a water-soluble biocompatible liquid crystal of disodium cromolyn glycate (DSCG) in a solution of polymer 
also dissolved in water. Examining a wide range of water-soluble polymers, the occurrence and the stability of this 
water-in-water emulsion can be predicted based on the chemical property of the polymers. The mechanism and the 
control of the orientation of the liquid crystal at the interface of the droplet will be presented. Because DSCG does 
not disrupt protein-protein binding interactions, this liquid crystal-based emulsion system is interesting for both 
studying fundamental colloidal sciences and exploring applications in biomedical research.  

 
COLL 274 Polyol preparation and characterization of Pt/Ru bimetallic surfaces  
Bingchen Du, YuYe Tong, and Ceren Susut, Department of Chemistry, Georgetown University, 37th & O Streets, 
NW, Washington, DC 20057, bd52@georgetown.edu  

Fundamental research on Pt/Ru bimetallic surface is still of importance because of the wide application of Pt/Ru 
electrocatalysts in the quick-developing fuel cell science and technology. Recently the polyol synthesis of metal 
nanoparticles provides a new method to synthesize electrocatalysts. Practically an up-to-date research reported a 
successful synthesis of PtRuIr electrocatalysts with organic colloid method. Both ideas above are adopted and 
developed in this research to prepare Pt-Ru bimetallic surface. CO is being used as a probing agent both in 
electrochemical characterization and in NMR to check the structure of surface sites and its correlation with catalytical 
activity.  

 
COLL 275 Potential-dependent adsorption of saccharin on nickel electrode  
Hancheol Kwon, Department of Chemistry, University of Illinois Urbana-Champaign, 600 South Mathews Avenue, 
Urbana, IL 61801, Fax: 217-333-2685, hkwon5@uiuc.edu, and Andrew A. Gewirth, Department of Chemistry, 
University of Illinois  

The adsorption of saccharin on roughened nickel electrode has been studied with surface-enhanced Raman 
spectroscopy (SERS), cyclic voltammetry (CV). SERS and CV measurements show that chloride ion plays a 
significant role in enhancing saccharin adsorption to Ni electrode surface. SER spectra also show that saccharin 
adsorption is potential dependent with specific low energy features growing in at positive potentials. To interpret the 
SER spectra, high-level density functional theory calculations for the vibrational modes and peak assignment were 
performed. Adsorption geometries for saccharin on Ni are also discussed based on the SER spectra and calculation 
results.  

 
COLL 276 Preparation and application of fluoroalkyl end-capped oligomers/calcium carbonate 
nanocomposites  
Yasufumi Shikauchi1, Koji Kakehi2, Yoshihiro Katoh2, Masashi Miura2, and Hideo Sawada1. (1) Department of 
Frontier Materials Chemistry, Hirosaki University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-
3541, hideosaw@cc.hirosaki-u.ac.jp, (2) INAX Corporation  

Novel fluoroalkyl end-capped oligomers/calcium carbonate nanocomposites have been prepared by the reactions of 
calcium chloride with sodium carbonate in the presence of self-assembled molecular aggregates formed by 
fluoroalkyl end-capped oligomers in aqueous media. Fluorinated calcium carbonate nanocomposites thus obtained 
were found to exhibit a good dispersibility and stability in not only water but also organic media, and these 
composites were applied to the surface modification of common organic polymeric materials such as PMMA.  



 
COLL 277 Preparation and application of novel fluorinated cross-linked nanoparticles by using fluoroalkyl 
end-capped cooligomers containing adamantane units and isocyanato segments  
Masaki Mugisawa1, Katsuya Ueno2, Kazuo Hamazaki2, and Hideo Sawada1. (1) Department of Frontier Materials 
Chemistry, Hirosaki University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-3541, 
hideosaw@cc.hirosaki-u.ac.jp, (2) Asahi Glass Co., Ltd  

Novel fluoroalkylated cross-linked nanoparticles containing adamantane units were prepared by the cross-linking 
reactions of fluoroalkyl end-capped cooligomers containing both adamantane units and oxime-blocked isocyanato 
segments with 1,3-adamantanediol. Similarly, we have succeeded in preparing cross-linked fluoroalkylated 
cooligomeric nanoparticles containing adamantane units by the reactions of fluoroalkanoyl peroxides with acrylate 
monomer containing hydroxyadamantyl segments and 2-isocyanatoethyl acrylate. In this study, we would like to 
report on the thermal properties of these fluorinated cross-linked nanoparticles thus obtained and the application to 
the surface modification of common organic polymeric materials with these fluorinated nanoparticles.  

 
COLL 278 Preparation and applications of fluoroalkyl end-capped oligomers/phosphorus-type ionic liquids 
nanocomposites  
Shun Kodama1, Ryo Ebara2, Masashi Sugiya2, and Hideo Sawada1. (1) Department of Frontier Materials Chemistry, 
Hirosaki University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-3541, hideosaw@cc.hirosaki-
u.ac.jp, hideosaw@cc.hirosaki-u.ac.jp, (2) Nippon Chemical Industrial Co. , Ltd  

Fluoroalkyl end-capped oligomers/silica nanoparticles-encapsulated phosphorus-type ionic liquids have been 
prepared by the reactions of the corresponding fluorinated oligomers with tetraethoxysilane and silica/nanoparticles 
in the presence of ionic liquids under alkaline conditions. Interestingly, the isolated fluorinated particle powders were 
found to afford nanometer size-controlled colloidal particles with a good redispersibility and stability in aqueous and 
organic media. In addition, these fluorinated nanoparticles-encapsulated ionic liquids were applied to a new type of 
surface modification agent, and these particles were able to disperse well above the poly(methyl methacrylate) films.  

 
COLL 279 Preparation of metal nanotubes using MPTMS-functionalized Silica spheroid as templates  
Yong-Geun Lee, Chul Oh, and Seong Geun Oh, Department of Chemical Engineering, Hanyang University, 17 
Haengdang-dong, Seongdong-gu, Seoul 133-791, South Korea, Fax: 82-2-2294-4568, yglee@ihanyang.ac.kr, 
bearpoohy@empal.com  

Metal (silver, platinum and palladium) nanotubes were prepared by the adsorption of metal nanoparticles on the 
functionalized silica template. To make the silica template having a spheroid shape, it was fabricated using 
Poly(ethylene oxides)-b-poly(propylene oxides)-b-poly(ethylene oxides)(PEO-PPO-PEO) triblock copolymer 
EO20PO70EO20 (P123). Silanizing agent, 3-mercaptopropyl trimethoxysilane, was treated on the surface of silica 
templates with thiol-terminal groups. When the temperature increases from 4°C to 80°C for the metal reduction, it 
was more effective than the metal reduction that was conducted at room temperature. The dissolution of the silica 
template using 10M HF solution could be afford the formation of self-organized metallic nanotubes. These 
experiments were characterized by field emission scanning electron microscopy (FE-SEM), transmission electron 
microscopy (TEM), and X-ray photoelectron spectroscopy(XPS).  

 
COLL 280 Preparation of PU/PMMA hybrid latex by miniemulsion polymerization  
Chien-Yu Li, Department of Materials Science and Engineering, National Taiwan University, 1 Roosevelt Rd., Sec. 
4, Taipei, Taiwan, ilanzoo@yahoo.com.tw, and Wen-Yen Chiu, Department of Chemical Engineering, National 
Taiwan University  

PU/PMMA hybrid particles were synthesized by using the method of two-step miniemulsion polymerization. In the 
first step, PU prepolymer was synthesized by isophorone diisocyanates (IPDI) and poly (propylene glycol) (PPG) 
with methyl methacrylate (MMA) as a solvent. Then the oil phase, including the NCO-terminated prepolymer, MMA, 
hexadecane (HD), a chain extender, a cross-linking agent trimethylol propane (TMP), and a catalyst dibutyltin 
dilaurate (SnDBL) was dispersed in the water phase containing SDS. Then the mixtures turned into miniemulsion by 
ultrasonifying. Different chain extenders, such 1,4-butanediol (BD) and Bisphenol A (BisA), were used for PU 



prepolymer. Two kinds of initiators, BPO and KPS, were applied for the radical polymerization of MMA. The 
influences of chain extenders, initiators and PU/PMMA weight ratios on the morphology of PU/PMMA latex particles 
were investigated. Conversion of MMA was measured and discussed as well. Particle size and distribution were 
analyzed by dynamic lighting scattering (DLS). Thermal stability of the hybrid particle was characterized through 
thermal gravimetric analysis (TGA). The final cross-section morphology of hybrid latex was also characterized by 
transmission electron microscope (TEM).  

 
COLL 281 Preparation of silver-polystyrene heterogeneous nanocomposite particles by alcohol reduction 
method  
Dae-wook Kim, Tae-hyun Kim, Young-ho Lee, Chul Oh, and Seong-geun Oh, Department of Chemical Engineering, 
Hanyang University, 17 Haengdang-dong, Seongdong-ku, Seoul 133-791, South Korea, Fax: 82-2-2294-4568, 
cforyou@lycos.co.kr  

Silver nanoparticles were successfully deposited on the polystyrene surface using alcohol reduction method. In this 
process, sulfonate groups were employed as a chemical protocol to make a binding between silver nanoparticles 
and polystyrene surface. A large number of quasi-spherical silver nanoparticles were formed and strongly attached 
to the polystyrene surface modified with sulfonate groups. The resulting composite particles were analyzed by 
transmission electron microscopy (TEM) and UV-vis spectrophotometer. The most distinguished features of this 
novel preparation route include simple operation and absence of the toxic reducing agent. In addition, this novel 
preparation route can be extended to the preparation of other noble metal-polymer heterogeneous nanocomposites.  

 
COLL 282 Preparations and applications of fluoroalkyl end-capped oligomers/hydroxyapatite 
nanocomposites  
Ken-ichi Iwaki1, Hiroki Takashima2, Katsuhisa Takishita2, and Hideo Sawada1. (1) Department of Frontier Materials 
Chemistry, Hirosaki University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-3541, 
hideosaw@cc.hirosaki-u.ac.jp, (2) Ishihara Chemicals Co., Ltd  

Novel fluoroalkyl end-capped oligomers/hydroxyapatite nanocomposites have been prepared by the reactions of 
disodium hydrogenphosphate and calcium chloride in the presence of self-assembled molecular aggregates formed 
by fluoroalkyl end-capped oligomers in aqueous media. Fluorinated calcium carbonate nanocomposites thus 
obtained were found to exhibit a good dispersibility and stability in a variety of media, and these composites were 
applied to the surface modification of glass.  

 
COLL 283 Protein patterning with a photo-cleavable cross-linker  
Jaesun Jeong and Rong Wang, Department of Biological, Chemical and Physical Sciences, Illinois Institute of 
Technology, Life Sciences Building, R 348, 3101 Dearborn St., Chicago, IL 60616, jeonjae2@iit.edu  

Protein patterning was achieved by using a heterobifunctional photo-cleavable cross-linker, succinic acid 
succinimidyl ester 5-thioloxy-2-nitrobenzyl ester (SSTN), which was synthesized in our lab. SSTN has N-
hydroxysuccinimidyl and disulfide groups attached at each end, and thus can anchor a protein to a gold-coated 
substrate surface. After the modification of anti-IgG via SSTN, irradiation of the surface through a mask initiated the 
photolysis reaction of SSTN at selective regions, causing the selective removal of anti-IgG at the exposed areas. 
This gave rise to well-defined micro-patterns of anti-IgG after thoroughly rinsing the surface with PBS buffer and DI 
water. Due to the lack of disturbance to proteins at the patterned regions, anti-IgG remained its bioactivity. This was 
confirmed by both an affinity mapping of the patterned surface using an IgG modified AFM probe and an increase of 
height at the patterned areas upon the incubation of IgG solution with the surface.  

 
COLL 284 Raman microscopy and ATR analysis of dendrimer complexes  
James S. Burgess, Shelby Shuler, Brian Flowers, and Shane Street, Department of Chemistry, University of 
Alabama, Box 870336, Tuscaloosa, AL 35487, burge029@bama.ua.edu  



Dendrimers have been used to create metal nanoparticles, but the character of the metal-dendrimer bond has yet to 
be fully elucidated. Generation 4 poly(amidoamine) dendrimers complexed with cobalt, copper, nickel, and platinum 
in ethanol were studied at different metal loadings using attenuated total reflectance infrared spectroscopy (ATR-IR) 
and Raman microscopy. The fingerprint region of the Raman spectra showed peaks tentatively assigned to metal-
nitrogen bonds. A shift in the amide peaks from pure dendrimer for all the metal-dendrimer complexes was observed 
indicating that the metals had bonded to the dendrimer as seen in previous publications, but this shift is seen before 
and after irradiation. The spectra were compared to calculations to verify peak assignments.  

 
COLL 285 Reactivity of alkenes at solid-liquid interfaces  
Karmen K. Ho, Kanchana A. Weerakoon, and Wei Chen, Chemistry Department, Mount Holyoke College, 50 
College St, South Hadley, MA 01075, karmenho@mtholyoke.edu  

Alkene reactivity in solution is well understood, however, little effort has been made to understand its chemistry at 
solid-liquid interfaces. By carrying out surface chemistry, one can probe reactivity in the two-dimensional space and 
impart specific surface characteristics that are important technologically. We have covalently attached vinyl-
containing monolayers and hyperbranched polymers to silicon surfaces using silane chemistry. Vinyl monolayers 
serve as model systems since they are smooth and easy to characterize. The thickness of surface-tethered 
hyperbranched polymers thus the vinyl group density is readily controllable via the trivinylsilane concentration. Vinyl 
groups have been chemically altered to other functionalities, e.g. hydroxylation via osmium tetraoxide or meta-
chloroperoxybenzoic acid followed by perchloric acid. Protein adsorption and nanoparticle attachment have been 
carried out on the hydroxyl-group rich surfaces. These materials are evaluated as candidates for biomaterials, drug 
carriers, and sensors.  

 
COLL 286 Reduction by the end groups of poly(vinyl pyrrolidone): A new and versatile route to the 
kinetically controlled synthesis of plate-like metal nanostructures  
Yujie Xiong, Isao Washio, and Younan Xia, Department of Chemistry, University of Washington, Seattle, WA 
98195, yjxiong@u.washington.edu  

The hydroxyl end group of poly(vinyl pyrrolidone) (PVP) has been utilized to reduce metal salts in water and 
generate plate-like structures of noble metals through the kinetic control. PVP is widely used in the chemical 
synthesis of many types of colloidal nanocrystals where it is mainly considered as a steric stabilizer or capping agent 
with a role to protect the product from agglomeration. Recently we demonstrated that hydroxyl-terminated PVP can 
also act as a mild and versatile reductant for the kinetically controlled synthesis of metal nanocrystals with high 
yields. The reduction kinetic of metal salts by the hydroxyl end group of PVP can be maneuvered in at least two 
different ways to produce plate-like nanostructures: i) by varying the molar ratio of PVP to metal salts; and ii) by 
using PVP of different molecular weights. We anticipate that reduction of metal salts by the end groups of polymers 
may provide a generic route to the synthesis of metal nanocrystals with controllable shapes, at high yields, and in 
large quantities. This research also shows that one should never overlook the power/potential of a component 
commonly used in a conventional synthesis of nanocrystals.  

 
COLL 287 Relation of transfection efficiency of cationic liposome/pDNA complex and its structure  
Shota Kusuki1, Kazunori Koiwai2, Yasuya Kudo1, Kenji Tokuhisa1, Yoichi Takeda1, and Kazuo Sakurai1. (1) 
Department of Chemical Processes & Environments, The University of Kitakyushu, 1-1, Hibikino, Wakamatu-ku, 
Kitakyushu 808-0135, Japan, Fax: 81-93-695-3390, m56106@env.kitakyu-u.ac.jp, (2) TERUMO Corporation R & D 
Center  

A cationic lipid, having an amidine headgroup and denoted by TRX, was firstly synthesized and a liposome-pDNA 
complex (lipoplex) was prepared from the mixture of TRX and two other neutral co-lipids. Small angle X-ray 
scattering showed that the addition of DNA induced structural transitions. Especially, the mixture of 
TRX:DOPE:DLPC=1:2:1 with pDNA was found to take an inverted hexagonally packed cylinder. The complex made 
from pDNA (pGL3, coding luciferase) and TRX was transfected to HepG2.Our assay showed that the present 
system is more transfectant than conventional lipoplexes. Additionally, TRX was less cytotoxic than other 
transfection regents.  



 
COLL 288 Relationship between stability and rheology of toothpaste  
Guisheng Pan, Andre Morgan, Andrei Potanin, Ben Gu, and James G. Masters, Colgate-Palmolive, Co, 909 River 
Road, Piscataway, NJ 08855, Fax: 732-878-6104, Guisheng_Pan@ColPal.Com  

Modern toothpastes may be thought of as filled polymer gels with a particulate structure of abrasive interwoven by a 
gum network (polymer matrix gel). The goal of this study is to relate stability of both matrix gel and the corresponding 
toothpaste to their rheology. Polymer hydration, ionic strength and solvent dielectric constant along with surfactants 
influence polymer gel stability. Results from a statistically designed study indicated that model systems experienced 
various degree of separation due to phase transition of the polymer gum under the influence of salts. Quantifying the 
micro-structural properties of the polymer system is important to understand stability. Even though toothpastes are 
thermodynamically unstable, they may be considered kinetically stable on relevant time scales. Yield stress is often 
used as a predictor of such kinetic stability. In this study different definitions of yield stress are compared with 
respect to stability of both matrix gels and the actual toothpastes. For matrix gels yield stress determined in 
oscillatory strain sweeps was found the best predictor of their stability. For toothpastes a combination of creep tests 
and oscillatory strain sweeps is required to discern yield stresses of the particulate structure built by abrasive and 
the polymer gel structure of the gum between abrasive particles. It turns out that a sum of these two yield stresses is 
the best predictor of toothpaste stability.  

 
COLL 289 Remarkable improvement of photocyclization efficiency of diarylethene by adjusting the pore size 
of mesoporous material  
Toshihiro Tanaka, Haruki Okada, and Masakazu Iwamoto, Chemical Resources Laboratory, Tokyo Institute of 
Technology, 4259-R1-5 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, Fax: +81-45-924-5228, 
tanakat@res.titech.ac.jp  

It is well known that the open-ring isomer of diarylethenes (DE) has two conformations, parallel and antiparallel. 
Since the photocyclization proceeds only from antiparallel conformation, the greater amount of antiparallel form 
results in the higher quantum yield. This study was devoted to the conformational control by adjusting the pore size 
of organic group-modified mesoporous silica MCM-41. The coloration rate constant (k) of DE in the pore of phenyl- 
or methyl-modified MCM-41 was strongly dependent on the pore size. In the range 1.2-2.2 nm the value of k was the 
largest in 1.2 nm pore and was minimized at 2.2 nm. The ratio of the former to the latter was approximately 4. The 
0.9 nm pore did not sorb any DE due to its molecular size. The findings conclude that the effective control of DE 
conformation could be achieved by adjusting the pore size of the organic group-modified mesoporous silica.  

 
COLL 290 Scattering dynamics of CFx

+ (x=1-3) ions on Ag and Si surfaces  
Xiangdong Qin, Chemical Engineering, California Institute of Technology, 1200 E California Blvd, Mail Code 210-
41, Pasadena, CA 91125, Fax: 626-568-8743, xqin@caltech.edu, Michael Gordon, LTM-CNRS, Laboratoire des 
Technologies de la Microelectronique, and Konstantinos P. Giapis, Chemistry and Chemical Engineering M/C 210-
41, California Institute of Technology  

Energetic fluorocarbon ions with energies between 50 and 1000eV are important in plasma etching and deposition of 
materials used in the semiconductor industry. We report here on the scattering dynamics of mass-selected CFx

+ ions 
(x=1-3) impinging onto Si and Ag surfaces, with tunable energy between 50 and 1000eV and high flux (~ 1 
monolayer/sec) under ultra-high vacuum (UHV) conditions. All scattered products are analyzed with mass- and 
energy-resolution. It is found that surface reactions induced by fluorocarbon ions bombardment depend on the 
identity of the incident ions. Results on a reactive surface (Si) significantly differ from those on a non-reactive surface 
(Ag). Reaction channels that lead to the formation of scattered products and the etching of surface will be discussed.  

 
COLL 291 SEIRA and SERS Analysis of para-nitrobenzoic acid and nitroaniline isomers  
Donald A. Perry and Krissy Posey, Chemistry, University of Central Arkansas, 201 Donaghey, Conway, AR 72035, 
Fax: 501-450-3623, donp@uca.edu  

P-nitrobenzoic acid (PNBA) was used in surface-enhanced infrared absorption (SEIRA) experiments to calibrate our 
work with the literature. Submonolayers of PNBA were adsorbed on calcium fluoride discs pre-deposited in vacuum 



with silver films varying from 1-12 nanometers thick as measured by reference to a geometrically equivalent quartz 
crystal microbalance. Infrared spectra were obtained in transmission mode. The presence of the thin silver film 
serves to enhance the infrared signal of many organic molecules that are deposited on the silver layer. The best 
enhanced spectra were obtained with seven nanometers of silver. PNBA NO2 and COO- stretching modes exhibited 
the most intense SEIRA enhancement. These bands were symmetric and enhanced by about x50 in comparison to 
thick PNBA layers on clean calcium fluoride.  

SEIRA studies were performed with o-, m-, and p-nitroaniline (O-, M-, P-NA). Most of the M-NA infrared bands were 
strongly enhanced in the SEIRA spectra, but O-NA and P-NA exhibited no SEIRA. Opposing trends were observed 
in surface-enhanced Raman spectroscopy (SERS) experiments for the nitroaniline isomers on the same substrates. 
The enhancement seen in the vibrational spectra of the nitroaniline isomers are attributed to a combination of 
resonance and geometric absorption properties of the different isomers.  

 
COLL 292 Self-assembled 2D structures of gold nanorods  
Hiroshi Nakashima1, Kazuaki Furukawa1, Yoshiaki Kashimura1, Katsuhiro Ajito2, and Keiichi Torimitsu1. (1) 
Materials Science Research Laboratory, NTT Basic Research Laboratories, 3-1 Morinosato Wakamiya, Atsugi, 
Kanagawa 243-0198, Japan, Fax: 81-46-270-2364, nakasima@nttbrl.jp, (2) Materials Science Laboratory, NTT 
Basic Research Laboratories  

Surface-modified gold nanorods (NRs) containing 1,2-dipalmitoyl-sn-glycero-3-phosphothioethanol (thiol-modified 
phospholipid) or polyethylene glycol with a terminal thiol group (PEG-SH) were synthesized, and their assembled 
nanostructures on silicon substrates were investigated using a high-resolution scanning electron microscope (SEM). 
SEM images of gold NRs with thiol-phospholipids revealed two-dimensionally arrayed NR structures induced by the 
self-assembly of the phospholipids. The distance between neighboring NRs was estimated to be about 5.0 nm, 
which was consistent with the thickness of the lipid bilayer. Additionally, a lateral or perpendicular configuration of 
the two-dimensionally arranged NRs against the silicon substrate was successfully controlled by the surface property 
of the substrate (hydrophilic (Si-OH termination) or hydrophobic (Si-H termination)). In the PEG-SH modified gold 
NRs, the self-assembled network structures were formed all over the substrates. The spaces between the gold NRs 
were dependent on the molecular weight of PEG-SH.  

 

 
COLL 293 Self-directed assembly of oligothiophene-bridged silsesquioxane  
WITHDRAWN  

Motivated by the great range applications from light-emitting diodes, field-effect transistors to biomolecular sensors, 
conjugated polymers have witnessed great progresses in the last decade. However, due to nature of molecular 
structures, conjugated polymers often show limited solubility, which has limited their processing through spin 
coating, stamping, or ink-jet printing, and other solution-based techniques. Recent research also suggests the strong 
relations between device performance and molecular chain alignment. Conjugated oligomers with aligned chains 
often show improved optical, electronic, and mechanical properties. This research demonstrates a novel approach 
towards well-defined conjugated systems through assembling -conjugated oligomers and inorganic silica species. 
Such supramolecular architectures show precise chemical composition and mesostructural controls. As synthesized 
materials show enhanced thermal stability and charge transport properties respectively due to the presence of 
inorganic components and aligned molecular architecture.  



 
COLL 294 Shape selectivity in the assembly of lithographically-designed particles  
Stephane Badaire, Cecile Cottin-Bizonne, Joseph W. Woody, and Abraham D Stroock, School of Chemical and 
Biomolecular Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853, sb382@cornell.edu, 
ads10@cornell.edu  

The formation of a diversity of structures via the assembly of colloidal particles is hindered by the paucity of available 
particles, the difficulty of attaining monodisperse samples, and the lack of tunable and selective interactions. We will 
present the development of a controlled colloidal system based photolithographically-designed particles of well-
defined size and non-spherical shape. We will discuss the fabrication and characterization of these particles and the 
formation of controlled dispersions. With state diagrams (see figure – volume fraction of depletant vs. ionic strength) 
we will elucidate the role of DLVO and depletion interactions in defining a diversity of assemblies. Finally, we will 
present comparisons to theory and comment on the influence of surface roughness and steric stabilization in 
controlling the observed phenomena.  

 

 
COLL 295 Sonochemical synthesis of highly fluorescent core/shell quantum dots  
Michael J. Murcia and Christoph A Naumann, Department of Chemistry and Chemical Biology, Indiana University 
Purdue University Indianapolis, 402 N. Blackford Street, Indianapolis, IN 46202-3274  

High quality fluorescent CdSe/ZnS core/shell quantum dots were synthesized via a novel sonochemical synthesis 
procedure. This method allows precise control of the nanocrystal growth rate, while maintaining a monodisperse 
particle size, making the synthesis of gram quantities of a specific size (and thereby color) straightforward. These 
fluorescent nanocrystals have been synthesized through the use of inexpensive, air safe reagents, while maintaining 
relatively low synthesis temperatures. The surface coatings of these quantum dots were modified for water solubility, 
colloidal stability and 1:1 conjugation to biomolecules for single molecule imaging. Two separate strategies were 
employed for the controlled 1:1 conjugation of these nanocrystals to biomolecules. Both have demonstrated that 
individually labeled quantum dot bioconjugates allow increased observation time over conventional fluorescent dyes 
at the single molecule level due to the enhanced photostability of the semiconductor nanocrystals.  

 
COLL 296 STM observation on electrochemical response of model lipid bilayer  
Soichiro Matsunaga1, Ryo Yokomori1, Daisuke Ino2, Taro Yamada2, and Maki Kawai1. (1) Department of Advanced 
Materials Science, University of Tokyo, 5-1-5 Kashiwanoha Kasiwashi, Chiba 277-8561, Japan, 
somatsunaga@riken.jp, (2) RIKEN  

We applied EC-STM (electrochemical scanning tunneling microscopy) to observe phospholipid layers spread on 
thiol-modified gold substrates as a model cell membrane. On a hydrophobic substrate (1-octanethiol SAM on Au 
(111)), we introduced DHPC (1,2-dihexanoyl-sn-glycero-3-phosphocholine) dissolved in a neutral 0.05M NH4ClO4 
buffer solution. A +0.0V vs RHE of the lipid molecules formed a fluid layer(A). By cycling the electrode potential 
between +0.2V~-0.2V vs RHE the lipid layer reversibly changed over between the fluid structure(C) and a 
striped(B)/grainy(D) structure. We consider that the negative potential caused polymerization of lipid and that the 
positive potential caused the dissociation of lipid polymer. Dismantling of phosphoric moieties might be involved in 
the process of dissociation. Some spectroscopic evidences will be added to figure out the involved processes.  



 

 
COLL 297 Studies on swelling behavior of polyelectrolyte composite gel (polyacrylamide/calcium 
lignosulfonate hydrogel)  
Shao-Juan Zeng and Qing Shen, Department of Polymer Materials and Engineering, Donghua University, 1882 
West Yan An Road, Shanghai 200051, China, zengshaojuan@163.com, sqing@dhu.edu.cn  

In this paper, taking conductivity and weight measurements as two methods, the influences of temperature and pH 
on swelling behavior for polyacrylamide/calcium lignosulfonate composite gel (PAAm-Ca2+-LGS gel) was studied. 
Comparing to referenced PAAm gel, results showed that the role of Ca2+-LGS is to help gel swelling in acid 
environment, and restrain swelling in base environment. The increase of the temperature will enhance gel swelling, 
especially over 35°C. Result also suggested that the pH=11 to be a critical condition for swelling of prepared gel.  

 
COLL 298 Study of knob-hole interactions in fibrinogen variants using force spectroscopy and surface 
plasmon resonance  
Mark H. Schoenfisch1, Ryan R. Fuierer1, Oleg V. Gorkun2, Carri A. Brodnax1, and Susan T. Lord2. (1) Department 
of Chemistry, University of North Carolina at Chapel Hill, Venable Hall, CB#3290, Chapel Hill, NC 27599, 
schoenfi@email.unc.edu, (2) Department of Pathology, University of North Carolina at Chapel Hill  

Recent reports suggest the activity of surface adsorbed fibrinogen may be more indicative of a material's 
biocompatibility than the amount of fibrinogen adsorbed. To further elucidate surface activity mechanisms, we 
characterized specific fibrinogen-fibrinogen interactions (e.g., knob-hole) underlying fibrin polymerization using 
atomic force microscopy (AFM) and surface plasmon resonance (SPR). Fibrinogen fragments containing only 
thrombin activated knobs from the N-terminal disulphide knot regions were used in these studies, allowing 
measurement of specific binding between polymerization holes in recombinant fibrinogen and variant knobs. Binding 
strengths of approximately ~200 pN were measured. Upon introduction of a specific inhibitor of fibrin polymerization 
(peptide mimic of the A knob, Gly-Pro-Arg-Pro amide), the knob-hole interactions were significantly reduced. The 
results demonstrate that knob-hole binding during thrombin-induced fibrin polymerization is driven by strong, highly 
specific interactions. In addition to the relevant fibrinogen biochemistry, the AFM probe modification with fibrinogen 
fragments and AFM/SPR measurement details will be described.  

 
COLL 299 Support effects for nickel phosphide hydrotreating catalysts  
Junwen Law, Jacob Yeager, and Mark E. Bussell, Department of Chemistry, MS-9150, Western Washington 
University, 516 High Street, Bellingham, WA 98225-9150  

A new class of materials, oxide-supported transition metal phosphides, has recently been shown to have high 
hydrodesulfurization (HDS) activities. For example, silica-supported nickel phosphide (Ni2P/SiO2) has been reported 
to have a higher activity than commercial Ni-Mo/Al2O3 and Co-Mo/Al2O3 catalysts. Due to the strong interaction of 
impregnated phosphate with Al-containing supports during catalyst synthesis, however, lower HDS activities have 
been reported for Ni2P supported on a number of silica-alumina and zeolite supports. In order to improve the HDS 
properties of Ni2P on Al-containing supports, we have investigated using F- and P-modified γ-Al2O3, as well as AlPO4 
as supports for nickel phosphide catalysts. The supports and Ni2P catalysts have been characterized with a range of 
physicochemical techniques and the results correlated with the HDS activities of the catalysts.  

 



COLL 300 Surface assisted in situ biocatalysis of dip-pen nanolithographic polymeric features  
Peng Xu, Department of Chemical & Biological Engineering, Tufts University, Medford, MA 02155, and David L. 
Kaplan, Department of Chemical and Biological Engineering, Tufts University  

Biocatalysis provides routes to new materials with properties that are difficult to achieve by traditional chemical 
methods. The structures of these materials are in part controllable due to the assistance of surface templating. 
Nanotechnology provides an efficient route to develop biosensors, biochips and other bioactive systems. In order to 
understand correlations between structures, properties and applications, several new technologies have been 
integrated in the present study to accomplish this goal. Dip-pen nanolithography (DPN) has recently been developed 
as a powerful tool for the controlled deposition of molecules on surfaces to generate nanofeatures. Enzymatic 
methods in polymer synthesis offer novel control of structure. Horseradish peroxidase (HRP) catalyzed 
polymerization of phenolic compounds and aniline derivatives can be used to generate conducting polymers and by 
combining this approach with DPN technology polymer nanofeatures were achieved under ambient and 
biocompatible conditions. Conducting nanowires were formed by DPN with 4-aminothiophenol followed by catalysis 
with HRP/H2O2. Self-assembled monolayers (SAMs) expanded the selection of compounds for surface patterning, 
such as tyrosine derivatives and 1,4-phenyldiamine, which lack affinity to gold or silicon surfaces, so that they can 
also be polymerized in situ. The conducting polyaniline can also be patterned on SAMs with potential for direct 
manufacture of electronic nanodevices. The polymerization of surface anchored monomers provides new insight for 
regioselectivity in these polymerization process. The pre-oriented monomer patterns resulted in specific structural 
features of the polymeric products which were otherwise not controllable in solution reactions. For example, 
nanoscale surface pattering of caffeic acid demonstrated that the surface induced preorganization of monomers 
completely altered the structural details of the resulting polymers formed via biocatalysis. The strategies to integrate 
nanoscale processing and synthesis systems, such as DPN and biocatalysis and/or self-assembly, suggest new 
directions in the fabrication and integration of synthetic and biological systems at nanometer scales.  

 
COLL 301 Synthesis and application of fluoroalkyl end-capped oligomers/polythiophene nanocomposites  
Taku Ishida1, Kazuo Sasazawa2, and Hideo Sawada1. (1) Department of Frontier Materials Chemistry, Hirosaki 
University, 3 Bunkyo-cho, Hirosaki-city 036-8561, Japan, Fax: +81-172-39-3541, hideosaw@cc.hirosaki-u.ac.jp, (2) 
Taiyou Yuden Co., Ltd  

A variety of fluoroalkyl end-capped oligomers/polythiophene nanocomposites were prepared under mild conditions 
by the reactions of ferric chloride with thiophene or 3-subsituted thiophenes in the presence of acetonitrile solutions 
containing fluoroalkyl end-capped oligomers. In this study, we would like to demonstrate on the applications of these 
fluorinated nanocomposites thus obtained to the surface modifications of traditionally organic polymeric materials 
such as PMMA.  

 
COLL 302 Synthesis and applications of SiO2-coated superparamagnetic Fe2O3 nanoparticles and quantum 
dots  
Dong Kee Yi1, Su Seong Lee1, S. Tamil Selvan1, Georgia C. Papaefthymiou2, and Jackie Y. Ying1. (1) Institute of 
Bioengineering and Nanotechnology, 31 Biopolis way, Singapore 138669, Singapore, dk.yi@samsung.com, (2) 
Department of Physics, Villanova University  

Reverse microemulsion techniques have been used to synthesize magnetic quantum dot nanocomposites with a 
SiO2 surface coating. The nanocomposites preserved the unique magnetic property of γFe2O3 and the optical 
property of CdSe quantum dots. Further work on the SiO2 coating on γ-Fe2O3 nanoparticles has led to precisely 
controlled SiO2/Fe2O3 nanoparticles. These nanoparticles were used as templates for the deposition of a 
mesoporous SiO2 shell. The iron oxide core in SiO2/Fe2O3 could be partially and completely etched to produce 
rattle-type SiO2/Fe2O3 nanoballs and hollow SiO2 nanoballs, respectively. These facile synthetic methods led to the 
formation of different nanoparticle architectures with tailored silica shell thickness and porosity. These magnetic 
nanoparticles were further used to support transition metal nanoclusters for heterogeneous catalytic applications. 
For example, Pd/HS-SiO2/Fe2O3 and Pd/H2N-SiO2/Fe2O3 were examined for the hydrogenation of nitrobenzene. 
Pd/H2N-SiO2/Fe2O3 showed excellent reactivity, with a conversion rate that was ~ 5 times higher than commercial 
Pd/C catalysts.  

 



COLL 303 Synthesis and characterization of P2VP-silica colloidal nanocomposites and their application as 
stimulus-responsive particulate emulsifiers  
Damien Dupin, Jennifer A. Balmer, Andreas Schmid, and Steven P. Armes, Department of Chemistry, University of 
Sheffield, Brook Hill, Dainton Building, Sheffield S3 7HF, United Kingdom, Fax: +44-114-2229342, 
D.Dupin@sheffield.ac.uk  

Lightly cross-linked poly(2-vinylpyridine)-silica nanocomposite particles were prepared by copolymerizing 2-
vinylpyridine [2VP] with divinylbenzene [DVB] in the presence of an ultrafine aqueous silica sol via emulsion 
polymerisation. The resulting nanocomposites were characterized in terms of their particle size distribution and silica 
contents, respectively. Depending on the polarity of the oil phase, either oil-in-water or water-in-oil emulsions could 
be prepared using these nanocomposites as particulate ('Pickering'-type) emulsifiers at around pH 9-10. The 
emulsions were characterized in terms of their emulsion type and mean droplet diameter using electrical conductivity 
measurements, optical microscopy and a Malvern MasterSizer. Rapid demulsification occurred below pH 3, since 
the addition of acid led to the protonation of the 2VP residues, which in turn imparted hydrophilic character to the 
nanocomposite particles, hence promoting their desorption.  

 
COLL 304 Synthesis and characterization of thermo-responsive PNIPAm-grafted silica microparticles using 
MOP-modified mesoporous silica micro-spheres prepared by emulsion-gel method  
Jun-hwan Park1, Young-ho Lee1, Young-doo Jun2, Dae-wook Kim2, Chul Oh2, and Seong-geun Oh1. (1) Department 
of Chemical Engineering and Center for Ultramicrochemical Process Systems (CUPS), Hanyang University, 17 
Haengdang-dong, Seongdong-gu, Seoul 133-791, South Korea, Fax: +82-2-2294-4568, junhpark@ihanyang.ac.kr, 
(2) Department of Chemical Engineering, Hanyang University  

The composites of poly(N-isopropylacrylamide) (PNIPAm) and mesoporous silica micro-spheres were synthesized 
using 3-(trimethoxysilyl) propyl methacrylate (MOP) as a silane coupling agent. First, MOP-modified silica particles 
were prepared by the sequential addition of tetraethyl orthosilicate (TEOS) and MOP into W/O emulsion consisting 
of aqueous solution of SDS or Tween 20 and n-octanol of hydroxypropyl cellulose (HPC) and Span 80. The effect of 
MOP on the formation of the silica particles was investigated by the variation of the reaction time of TEOS before the 
addition of MOP. Second, PNIPAm-grafted mesoporous silica micro-spheres were synthesized by radical 
copolymerization of MOP-modified silica particles and NIPAm monomers. N,N'-methylene bisacrylamide (MBA) and 
N,N,N',N'-tetramethylethylenediamine (TEMED) were used as the cross-linking agent and the accelerator. The 
formations of MOP-silica and PNIPAm-silica composites were characterized by IR, BET, SEM and TGA. The phase 
transition of synthesized thermo-responsive polymers was characterized by DSC.  

 
COLL 305 Synthesis and studies on pyrrole thiol monolayer protected gold clusters  
Balasubramanian Ramjee1, Matthew R Branham2, Michael Heaven2, and Royce W. Murray3. (1) Kenan 
Laboratories of Chemistry, University of North Carolina at Chapel Hill, CB 3290, Chapel Hill, NC 27599, Fax: 919-
962-2388, ramjee@email.unc.edu, (2) Department of Chemistry, The University of North Carolina at Chapel Hill, (3) 
Kenan Laboratories of Chemistry, University of North Carolina  

This poster will detail the synthesis, characterization, polymerization and studies of pyrrole thiol monolayer protected 
gold clusters and their assemblies. Such pyrrole thiol protected gold nanoparticles of different gold core sizes in the 
sub 2 nm regime were synthesized by either a direct Brust-type synthesis or a ligand exchange reaction and were 
organized as nanoparticle films by polymerization with either an electrochemical or chemical approach. The 
electronic conductivity of such dry films was measured towards understanding the role of core sizes, ligands etc.  

 
COLL 306 Synthesis of crack-free SiO2 monolith containing CdSe/ZnS quantum dots as passive color-
tuning medium  
Dong Kee Yi1, Seong Jae Choi2, Jae Young Choi2, Jaeho Lee2, and Byung Ki Kim2. (1) Institute of Bioengineering 
and Nanotechnology, 31 Biopolis way, Singapore 138669, Singapore, dk.yi@samsung.com, (2) Materials center, 
SAIT  

Reverse microemulsion techniques have been used to synthesize quantum dot nanocomposites with a SiO2 surface 
coating. The nanocomposites preserved the unique optical property of CdSe/ZnS quantum dots, and the silica 



passivation layer thickness was controllable to ~ 1 nm. SiO2/CdSe/ZnS nanoparticles were homogeneously 
distributed in the tetramethyl orthosilicate ethanol solution and aqueous NH4OH was added to trigger sol-gel 
catalytic reaction. The gelation has initiated in 10 min, and the gel has been aged over night at room temperature 
and dried fully to achieve a solid SiO2 monolith. The resulting monolith was transparent and fluorescent. Moreover 
the monolith showed crack-free property that was due to adopting individually SiO2-coated quantum dot. Further 
studies on the color tuning effects and photo stability of the monolith were performed using a high power LED 
device. Remarkably, quantum dots in the SiO2 monolith showed better photo stability compared with those 
dispersed in the polymer matrix.  

 
COLL 307 Synthesis of poly(2-(dimethylamino)ethyl methacrylate) stabilized poly(2-vinylpyridine) latex 
particles and their application as stimulus-responsive particulate emulsifiers  
Damien Dupin and Steven P. Armes, Department of Chemistry, University of Sheffield, Brook Hill, Dainton Building, 
Sheffield S3 7HF, United Kingdom, Fax: +44-114-2229342, D.Dupin@sheffield.ac.uk  

Submicrometer-sized near-monodisperse poly[2-(dimethylamino)ethyl methacrylate] stabilized poly(2-vinylpyridine) 
[PDMA-stab-P2VP] latexes were synthesized by free radical emulsion polymerization using a cationic azo initiator at 
around neutral pH 6-7. The presence of the PDMA steric stabilizer on the outside of the latex particles was 
confirmed by XPS and aqueous electrophoresis studies, respectively. These PDMA-stab-P2VP latexes were used 
as Pickering-type particulate emulsifiers to prepare n-dodecane-in-water emulsions and water-in-1-undecanol 
emulsions at pH 8 and 3, respectively. These emulsions were characterized in terms of their droplet size 
distributions using a Malvern Mastersizer and optical microscopy. Formation of the n-dodecane-in-water emulsion 
proved to be pH-dependent: no emulsions were formed at high pH, while the stable emulsions formed at pH 3 could 
not be broken on increasing the solution pH. In contrast, pH-responsive behaviour was observed for the water-in-1-
undecanol emulsion, since it was demulsified on adjusting the solution pH from pH1 0 to pH 3 with acid.  

 
COLL 308 Synthesis of ultra-thin polybutadiene films by surface-initiated-ring-opening-metathesis 
polymerization  
Jianxin Feng, Stephanie Stoddart, Kanchana A Weerakoon, and Wei Chen, Chemistry Department, Mount Holyoke 
College, South Hadley, MA 01075, fjx2000@yahoo.com  

Thin films of polybutadiene (PB) synthesized from cyclooctadiene (COD), a low-strained monomer, were grafted 
from silicon substrates by surface-initiated-ring-opening-metathesis polymerization (SiROMP). The Grubbs catalysts 
(generations I and II) were tethered a norbornene-containing monolayer that was covalently attached to silicon 
wafers. The resulting surface-bound ruthenium catalysts react with COD to produce PB thin films on the scale of 
several nanometers. The growth of the polymer films was monitored by ellipsometry, x-ray photoelectron 
spectroscopy, contact angle analysis, and atomic force microscopy. We investigated the effect of solvent, reaction 
time, reaction temperature, monomer concentration, type of catalysts, and conditions of catalyst attachment on the 
polymer thickness. We have demonstrated the feasibility of the preparation of PB with reasonable thickness via 
SiROMP of COD when reaction conditions were chosen to minimize chain transfers. The double bonds in these thin 
films have been transformed to other functionalities to impart wettability and biocompatibility.  

 

 
COLL 309 Tandem four-component condensations for the convenient syntheses of dihydropyrimidinone 
derivatives on mesoporous silica catalysts  
Hiroaki Murata, Haruro Ishitani, and Masakazu Iwamoto, Chemical Resources Laboratory, Tokyo Institute of 
Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, hmurata-st@res.titech.ac.jp  



Dihydropyrimidinone derivatives have gathered great attention because they are the key materials of some 
biologically active compounds such as calcium channel blockers and antihypertensive agents. In this study, we 
studied an effective synthesis route of dihydropyrimidinone derivatives by using siliceous mesoporous material 
MCM-41 as a catalyst. The MCM-41 sample catalyzed both the synthesis of β-ketoesters by C-H insertion of 
diazoesters to aldehydes and the Biginelli dihydropyrimidinone synthesis among β-ketoesters, aldehydes, and urea 
derivatives. The addition of aluminum ion into MCM-41 greatly improved the catalytic activities for both reactions. On 
the basis of the findings we further revealed that novel one-pot tandem four-component reaction of acetaldehyde, 
ethyl diazoacetate, 4-tolyl aldehyde and urea could effectively proceeded to afford the corresponding 
dihydropyrimidinone derivatives in 50 % yield on Al-MCM-41.  

 

 
COLL 310 Temperature dependence of the oxidation of 2-chlorophenol at the water-goethite interface  
Thomas R. Gordon and Anderson L. Marsh, Department of Chemistry, Lebanon Valley College, 101 N. College 
Ave., Annville, PA 17003  

Chlorinated phenols released into the environment continue to be a pollution concern for aqueous systems, and the 
removal of these contaminants by various processes remains an active area of current research. Iron containing 
compounds have been found to be very active for the oxidation of 2-chlorophenol. Goethite in particular has been 
shown to catalyze the oxidation of chlorinated phenols in the presence of hydrogen peroxide. However, the 
temperature dependence of this reaction has not been studied extensively. In this work the temperature dependence 
of the oxidation of 2-chlorophenol in the presence of hydrogen peroxide at the water-goethite interface has been 
investigated. Kinetic studies suggest this reaction may be modeled as a pseudo first-order reaction, and activation 
energies have been determined based on an Arrhenius relationship. These results will be compared with those in 
the literature to develop a complete mechanistic picture for the oxidation of chlorinated phenols at the surface Fe 
compounds in aqueous systems.  

 
COLL 311 Towards the controlled assembly of nanomaterials and nanomechanical actuation using charge 
transfer reactions in electroactive self-assembled monolayers  
Lana L. Norman, Department of Chemistry, University of Montreal, C.P. 6128, succursale Centre-ville, 2900, boul. 
Edouard Montpetit, Montreal, QC H3C 3J7, Canada, Fax: 514-343-7586, lana.norman@gmail.com, and Antonella 
Badia, Department of Chemistry, Université de Montréal  

The electrochemically-modulated assembly of materials at electrode surfaces may lead to new ways for organizing 
molecules and nanostructures at interfaces, and has potential value to the elaboration of future manufacturing 
technologies. We have been using electroactive self-assembled monolayers (SAMs) as nanomechanical actuation 
materials and for the controlled interfacial assembly of surfactants and nanoparticles. Well-defined electroactive 
monolayer films have been prepared by the chemisorption of ferrocenylalkanethiols onto microcantilever gold 
surfaces. We have demonstrated that surface stress changes associated with the monolayer-confined redox 
reaction induce a large mechanical deflection of the cantilever beam. The origin of the observed surface stress 
changes have been investigated, and in the present communication, we show that the stress changes do not only 
originate from the association or pairing of anions with the electroactive SAM as the ferrocene is oxidized to 
ferrocenium, but from a number of contributions, including reorganization of the monolayer film. In a related study, 
electrochemistry and surface plasmon resonance (SPR) spectroscopy were combined to investigate the association 
of anionic surfactants to the ferrocenylalkanethiol monolayers. SPR was used to quantify the thickness and refractive 
index changes resulting from ion pairing between the ferrocenium cation at the surface and the surfactant counter-
ion in solution. This work demonstrates new applications of electroactive SAMs in materials and nanoscience.  

 
COLL 312 Voluntary diffusion of solid-state organic molecules into mesopores of silica MCM-41  
Yu Takenaga, Toshihiro Tanaka, and Masakazu Iwamoto, Chemical Resources Laboratory, Tokyo Institute of 



Technology, 4259-R1-5 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, Fax: +81-45-924-5228, 
y.takenaga@org.res.titech.ac.jp  

It is well known that various solid-state organic molecules intercalate into non-porous materials such as interlayer 
materials and organic solid hosts. We wish to report here the solid-state voluntary diffusion of organic molecules into 
the pore of mesoporous silica (MCM-41), which has regular arrays of uniform pores and high surface areas. The 
self-diffusion of pyrene molecules into the pores of MCM-41 at room temperature was revealed by the following two 
methods. First, the pore volume and surface area of the pyrene crystal-MCM-41 mixture gradually changed with the 
reaction time. Secondly, the intensity of X-ray diffraction peaks assignable to the organic crystal and MCM-41 
decrease significantly. The theoretical calculation of the dense packing of organic molecules in the pores well 
explained the observed phenomena.  

 
COLL 313 Water adsorption and uptake in atmospherically relevant particles: ATR-FTIR Spectroscopy and 
QCM measurements  
Jennifer D Schuttlefield, Department of Chemistry / Grassian Group, University of Iowa, 305 CB, Iowa City, IA 
52242, jennifer-schuttlefield@uiowa.edu, and Vicki H. Grassian, Department of Chemistry, University of Iowa  

ATR-FTIR spectroscopy along with a Quartz Crystal Microbalance (QCM) is used to investigate and quantify the 
uptake of water on atmospherically relevant particles. Spectral analysis along with QCM mass changes are used to 
examine the water content of these particles as a f(RH). Atmospherically relevant particles investigated in these 
studies include salts, carbonates, clays, and oxides. For these various types of particles, water can: (i) adsorb on the 
particle surface; and/or (ii) absorb in the particle structure to form a hydrate salt; and/or (iii) absorb by the particle to 
form a liquid solution (or deliquesce); and/or (iv) absorb in the internal structure for some clay minerals. ATR-FTIR 
spectra can be used to distinguish these various processes, and for particles that absorb water to form a liquid 
solution, a deliquescence relative humidity can be determined. Coupling the QCM with the ATR-FTIR flow cell allows 
for quantification of the amount of water associated with the particles as a function of relative humidity.  

 
COLL 314 Polyoxometallate prepared inside the viral protein cage of Cowpea chlorotic mottle virus: A 
bioinorganic platform to study the protein-mineral interface using 3D electron microscopy reconstruction 
techniques  
M. Matthew Prissel1, Mark A. Allen1, Andrew Minor2, Trevor Douglas1, and Mark Young1. (1) Department of 
Chemistry and Biochemistry, Montana State University, Gaines Hall, Bozeman, MT 59717, 
mprissel@chemistry.montana.edu, (2) National Center for Electron Microscopy - LBNL  

Biological molecules often demonstrate a high degree of control over the formation of inorganic materials. Studying 
the protein-mineral interface in biomineralization is a problem that has presented difficulty for study. Supramolecular 
protein assemblies have been used by biology, and here are studied for their properties as size constrained 
materials synthesis. Viruses, ferritin, and ferritin like proteins have been used for the synthesis of a wide range of 
materials including various metal oxides and polyoxometallates. By using these size-constrained reaction vessels, 
we have a model system that allows investigation of the “hard” nature of mineralization in relation to the interaction 
with “soft” proteins. The spherical plant virus, Cowpea chlorotic mottle virus (CCMV), is a viral protein cage that 
assembles from 180 identical subunits. These 28 nm protein cages have electrostatically distinct interior and exterior 
environments making them ideal reaction vessels for material synthesis. CCMV has also been manipulated both 
genetically and chemically in order to make the assembled viral capsid stable to a wide range of conditions. This 
poster-presentation will focus on using electron microscopy (EM) techniques to study the protein/mineral interface, 
as well as the synthesis and characterization of a polyoxomolybdate prepared inside the 20-24 nm cavity of the 
CCMV protein capsid. By incubating the CCMV protein cage with a solution of MoO4- in the presence of NH3 at pH 
7, and then lowering the pH to 4.5, an amorphous form of polyoxomolybdate can be synthesized. Once the 
polyoxomolybdate mineral is prepared, electron microscopy can be done in order to gain information about the 
material prepared inside the virus, as well as three-dimensional EM reconstruction to visualize the effects of the 
protein on mineral formation.  

 
COLL 315 Lateral phase separation in lipid-monolayer-coated microbubbles  
WITHDRAWN  



Lipid-coated microbubbles are being developed as ultrasound contrast agents for molecular imaging and micro-
syringes for drug delivery. We tested the hypothesis that the shell components, phospholipid and lipopolymer, mix 
uniformly at their bulk fractions. Results from NMR and FTIR spectroscopy experiments and fluorescence and 
electron microscopy experiments will be presented that suggest the phospholipid phase separates into highly 
ordered domains that are surrounded by a glassy phase enriched in lipopolymer. Such phase separation leads to 
insights into the shell formation process and has important implications for biomedical applications.  

 

 
COLL 316 Targeting past the brush layer: Ultrasound radiation force reveals the buried ligand  
WITHDRAWN  

A major challenge for increasing conspicuity in ultrasonic molecular imaging is to extend the intravascular circulation 
half-life of functionalized microbubbles. We hypothesized that the ligand itself can be immunogenic and therefore 
should be shielded against immune cell interrogation. We designed a novel brush architecture that conceals the 
ligand by using tiered layers, in which the ligand tether is shorter than the surrounding brush. Ligand shielding was 
demonstrated by reduced adhesion in a flow cell and reduced binding to human neutrophils. The buried-ligand 
architecture resulted in a 50% increase in contrast persistence in vivo. We demonstrated, however, that the buried 
ligand can be revealed instantly by remotely applying ultrasound radiation force. These results can be explained by 
considering the oscillatory behavior of the bubble during insonation. This new targeting motif allows the surface of a 
contrast agent to be reversibly switched from stealth to sticky within a well defined focal zone.  

 

 
COLL 317 A facile synthesis of tri-nitrilotriacetic acid and its conjugates  
Zhaohua Huang1, Joshua Park1, Douglas Watson1, Peter Hwang2, and Francis C. Szoka Jr.1. (1) School of 
Pharmacy, University of California, San Francisco, CA 94143-0446, 513 Parnassus Ave., San Francisco, CA 94143-
0446, Fax: 415-476-0688, zhaohua.huang@gmail.com, (2) Department of Biochemistry and Biophysics, University 
of California, San Francisco, CA 94143-2240  

High affinity nitrilotriacetic acids (NTA) have great potential in the molecular manipulation of His-tagged proteins. We 
have developed a facile method to synthesize the multivalent NTA and its conjugates. Started with appropriately 
protected lysine, we first made the mono-NTA synthons functionalized with either amino group or carboxyl group. 
We then obtained tri-NTA through the condensation of the amino NTA and the carboxyl NTA. Using amino tri-NTA 
as the key intermediate, we synthesized a series of tri-NTA conjugates with a variety of functional units including 
biotin, fluorescein, lipid, radiolabeling moiety, and poly(ethylene glycol). The biotin-triNTA was employed to coat the 
Biacore streptavidin chip to form a high affinity tri-NTA chip. The equilibrium dissociation constant of tri-NTA/His-
tagged protein complexes measured by surface plasmon resonance are in 10 nM range. Other conjugates could be 
conveniently applied to the fluorescent labeling, radiolabeling, and PEGylation of His-tagged proteins. Thus, we have 
created a useful toolbox for the handling of His-tagged proteins.  

 



COLL 318 Biosensors based on biotin-linked viologen SAM's on gold in AAO pores  
Robert D. Long1, Juchao Yan2, Prashant M. V. Muttanapalli1, and Emmanuel Amoah1. (1) Physical Sciences, 
Eastern New Mexico University, Station # 33 Roosevelt Hall, Portales, NM 88130, robert.long@enmu.edu, (2) 
Department of Physical Sciences, Eastern New Mexico University  

Alkanethiol linked viologens are assembled on a gold monolayer surface with subsequent solid-phase modification 
to add linker molecules and receptors (via an amide bond) for purposes of creating arrays of biosensors in AAO 
membrane pores. In the initial work, biotin is conjugated to the viologens which will be tested as redox sensors for 
avidin binding via a gold electrode. The use of solid-phase synthesis on the viologen SAM's reduces problems in 
purification that would be necessitated in solution-phase synthesis.  

 

 
COLL 319 Building a better model cell membrane through surface science  
Suzanne M. Barber1, Walter Stockinger2, Tonya L. Kuhl1, and Axel Nohturfft2. (1) Department of Chemical 
Engineering and Materials Science, University of California at Davis, One Shields Ave, Davis, CA 95616, Fax: 530-
752-1031, smbalko@ucdavis.edu, (2) Department of Molecular and Cellular Biology, Harvard University  

Membrane fusion is a critical and recurring cellular event. Although ubiquitous, the fusion process is complex, varies 
with cell or membrane type and thus presents challenges to isolating the fusion machinery in vivo. Cell membranes 
are multi-component structures but typically studied model membranes consist of only one or two lipid classes. It is 
highly desirable to tailor model membranes to better emulate biological systems yet still retain the ease of use. 
Intracellular vesicle interactions, in particular phagosome-lysosome interactions, offer the opportunity to study 
membrane fusion in vivo and in vitro thereby making development of an accurate membrane model feasible. To 
develop a model to the phagosome-lysosome system, we studied phagosomal extracts derived from beads 
phagocytosed by J774 cells. The phase behavior and surface energy of the extract was explored and this 
information was used to develop model lipid mixtures consisting of sphingomyelin, DOPC, DOPE, DOPS and 
cholesterol. Fluorescence imaging, Langmuir-Blodgett and Surface Forces Apparatus (SFA) studies were completed 
and results are compared to an in vitro assay for intracellular vesicle docking that suggests the role of specific 
proteins and calcium ions on vesicle fusion. Correlation of the intracellular vesicle docking experiments to studies on 
phagosomal extracts allows exploration and quantification of lipid and membrane interactions and a better 
understanding of phagosome-lysosome fusion to emerge.  

 
COLL 320 Comparative simulation study of free and supported lipid Bilayers  
Chenyue Xing, Department of Chemical Engineering and Materials Science, University of California - Davis, 1 
Shields Avenue, Davis, CA 95616, cxing@ucdavis.edu, and Roland Faller, Department of Chemical Engineering & 
Material Science, UC Davis  

Supported bilayers are often used as a model system for cell membranes. Additionally they are exceedingly 
important for the understanding of biosensors. Nonetheless computer simulations of such systems are extremely 
sparse. We use a coarse-grained simulation model to study supported and unsupported lipid bilayers. Different 
simplified support surfaces are prepared and placed in proximity to a lipid bilayer. The structural and dynamic 
properties of supported lipid bilayers are characterized. The influence of the support on structural and dynamical 



observables can thus be elucidated. The simulation data of supported lipid bilayers can qualitatively be compared to 
experiments. The data allows us to better understand the interaction between lipids and surface on a molecular 
level.  

 
COLL 321 Electron transport at model membrane interfaces  
Denis Scaini1, J. Liang2, Silvano de Franceschi3, Martina Dell'Angela1, Matteo Castronovo1, Loredana Casalis4, and 
G. Scoles5. (1) Physics Department, University of Trieste, P. Europa 1, I-34127 Trieste, Italy, 
denis.scaini@elettra.trieste.it, (2) Department of Chemistry, Princeton University, (3) TASC National Laboratory, (4) 
Sincrotrone Trieste, SS 14 Km. 163,5, Basovizza, I-34012 Trieste, Italy, loredana.casalis@elettra.trieste.it, (5) 
Princeton University and SISSA (Trieste, Italy)  

Conductive Tip AFM (CT-AFM) is commonly used for electrical characterisation of organic and inorganic surface 
systems. One of the more promising applications concerns the study of metal-molecule-metal junctions: 
Understanding the transport properties of these key systems is in fact of great importance for the advancement of 
both organic and molecular electronics. Despite the non negligible number of experimental data in this field, 
however, the accumulated data sets are often not consistent with each other, due to the scarce reproducibility of the 
metal tip-molecule contact at a microscopic level. Nanografting, an AFM-assisted nanolithography technique, has 
been proved to be a very useful method to compare transport properties of different molecules on the same 
substrate with the same probing tip. Differential measurements of this kind have been useful to distinguish 
conductivity differences between molecules with subtle structural differences. We will discuss here in detail the case 
of differential conductivity at model membrane interfaces, in particular the case of patches of alkyl- or aromatic-thiols 
nanografted into a matrix of alkyl-thiol self-assembled monolayer (SAM) made of different length molecules. By 
differentially comparing the “conductivities” of different molecules we will show that the discrepancies present in the 
literature are due to the fact that the metallic tip of the CT-AFM gets invariably coated by the molecules of the 
monolayers so that most measurements relate to the tunneling of current through TWO monolayers instead of one. 
We will also address specifically the very important point of the influence of the degree of order in the nanografted 
patches and the surrounding SAM on the transport properties of the measured metal-molecule-metal junction. We 
will show that, if the tip of the CT-AFM Is smaller than the average SAM domain our technique allows the 
unequivocal determination of the SAM “defect free conductivity”.  

 
COLL 322 Interactions observed in membrane-derivatized colloidal monolayers exhibiting like charge 
attraction  
Nathan G. Clack1, Esther M. Winter2, Michael M. Baksh1, and Jay T. Groves3. (1) Biophysics Graduate Group, 
University of California, Berkeley, 111 Lewis Hall, Berkeley, CA 94720, nclack@gmail.com, (2) Department of 
Chemical Engineering, University of California, Berkeley, (3) Department of Chemistry, University of California, 
Berkeley  

Annomolous long-range atractive interactions between like charged particles have been periodically observed over 
the past two decades in systems involving colloidal silica, latex, and recently lipid membrane coated silica. However, 
this phenomena has never been adequately explained and many past experimental results are controversial. Here, 
we present a study of colloidal monolayers of lipid bilayer coated silica particles. Using the composition of the lipid 
membrane as a means of tuning the surface chemical properties of the colloid. We find that the anomalous attractive 
interaction can be modulated. Interesting, the effect is asymmetric with respect to the sign of the charge. 
Experimental results and a detailed analysis of the pair potential by inverse Monte Carlo methods will be discussed.  

 
COLL 323 Tuning adhesion using tethered ligand/receptor architectures  
Nathan W. Moore and Tonya L. Kuhl, Department of Chemical Engineering and Materials Science, University of 
California at Davis, One Shields Ave, Davis, CA 95616, nwmoore@ucdavis.edu  

Ligands mounted to surfaces via flexible polymer tethers represent a growing class of molecules used to engineer 
adhesion in drug targeting, biosensing, and self-assembling nanostructures. The Surface Forces Apparatus was 
used to characterize the specific bridging forces imparted by such molecules towards model receptor surfaces. 
Specifically studied were the effects of polymer chain length, grafting density, and ligand-receptor bond energy on 
the binding efficacy of both bimodal and monomodal architectures. These measurements validate analytical 



expressions that we have derived for the specific bridging force. Also explored are the grafted chains' nonspecific 
repulsive interactions with model membranes, their adhesion under flow, and implications for targeting polymer-
coated particles towards biological surfaces. Importantly, we show that the adhesion strength can be tailored by 
controlling the ratio of ligated to non-ligated tethers without reducing the probability of initial cell capture.  

 

 
COLL 324 Lipid selectivity of puroindoline mutants and their role in wheat endosperm hardness  
Luke A. Clifton1, Rebecca J. Green2, and Richard A. Frazier1. (1) School of Food Biosciences, The University of 
Reading, PO Box 226, Whiteknights, Reading RG6 6AP, United Kingdom, l.a.clifton@reading.ac.uk, (2) School of 
Pharmacy, The University of Reading  

Puroindolines are wheat proteins consisting of two isoforms, Pin-a and Pin-b, which both possess a tryptophan-rich 
domain that confers lipid binding properties. When expressed in their native form, the puroindolines confer soft 
texture to wheat endosperm; however, the expression of Pin-b mutants is linked to hard endosperm texture. It is 
believed that the biochemical mechanism of endosperm hardness may be related to the interaction of the 
puroindolines with wheat lipids, and we have therefore investigated their interactions with negative 
(dipalmitoylphosphatidyl-dl-glycerol, DPPG) and zwitterionic (L-α-dipalmitoylphosphatidylcholine, DPPC) 
phospholipid monolayers at the air/water interface using the combination of external reflectance FTIR spectroscopy, 
neutron reflectivity and surface pressure measurements. Native Pin-a and Pin-b showed selectivity for negative 
DPPG films. Investigation of the interactions of Pin-b mutants isolated from hard wheats and containing the single 
amino acid substitutions Gly to Ser or Trp to Arg, revealed a loss of this selectivity, which will be discussed in 
relation to the biochemical mechanism of wheat endosperm structure.  

 
COLL 325 Scanning tunneling microscopic observation of phospholipid adlayer on gold as a model cell 
membrane  
Taro Yamada1, Soichiro Matsunaga2, Ryo Yokomori2, Daisuke Ino1, and Maki Kawai2. (1) RIKEN, 2-1 Hirosawa, 
Wako-shi, Saitama 351-0198, Japan, (2) The University of Tokyo  

Microscopic view of cell membranes in the molecular scale has been desired concerning the domain structures, or 
"rafts", formed by various phospholipids, which are related to important biochemical functions caused by cordination 
of proteins. We made an attempt to obtain STM images of phospholipid adlayer spread on modified gold substrates. 
First a Au(111) substrate modified by alkanethiol was immersed in a neutral ammonium perchlorate buffer solution, 
and the thiol adlayer with porous patterns was imaged. Then the buffer solution was added with 1,2-diacyl-sn-
glycero-3-phosphocholine below the critical micellar concentration. Sequential STM images of a fluidic lipid adlayer 
spreading along the surface were obtained. The thickness of adlayer was observed to be a few angstroms. 
Reversible solidification/fluidization of adlayer were observed upon cycling the substrate electrode potential. The 
applicability of STM to lipid adlayer is promising. Some cross-checking spectroscopic evidences will be also 
presented.  

 
COLL 326 Study of bilayer edge conformation with model membrane systems  
Andreia M. Smith, Biophysics Graduate Group, University of California Davis, One Shield Ave, Davis, CA 95616, 
amismith@ucdavis.edu, and Atul N. Parikh, Applied Science, University of California, Davis  

Carbocyanine membranes probes represent a class of phase sensitive amphiphilic fluorescent probes. Their 
differential partitioning characteristics have been broadly employed in characterizing co-existing phases and 



determining the spatial distributions of “gel” or liquid-ordered phases in cellular and membrane-mimetic systems. 
Here, we employ the preferential partitioning of DiI as a means to investigate the structure of the membrane edge. 
Incorporating DiI doped lipids onto patterned hydrophobic/hydrophilic surfaces create multiple monolayer and bilayer 
edges that can be easily studied by fluorescent microscopy. We prepared temperature-dependent migration 
characteristics of DiI to confirm the gel-like character of the edge, and its higher melting temperature.  

 
COLL 327 Effect of increased aqueous Fe(II) on the formation of uranium-containing nanoparticles on green 
rust  
Charles C. Chusuei1, Robert V Hull1, and Jeffrey P. Fitts2. (1) Chemistry Department, University of Missouri-Rolla, 
142 Schrenk Hall, 1870 Miner Circle, Rolla, MO 65409-0010, Fax: 573-341-6033, chusuei@umr.edu, (2) 
Environmental Sciences Department, Brookhaven National Lab  

The effects of increasing aqueous Fe(II) concentration on the reduction of U(VI) as uranyl acetate in suspensions of 
green rust were investigated in order to better understand uranium behavior under conditions relevant to nuclear 
waste management and fuel processing systems. U L3-edge XANES spectra show U(VI) reduction to U(IV) by green 
rust. EXAFS spectra are consistent with UO2 nanoparticle formation. Transmission electron microscopy (TEM) 
images show particles ranging from 2–6 nm in diameter and that the distribution of U-containing nanoparticles is 
more dense at higher Fe(II) concentrations. Finally, X-ray diffraction results show that the denser nanoparticle 
distribution is accompanied by the appearance of magnetite.  

 
COLL 328 Adsorption of glyphosate on montmorillonite: A comparison of theoretical calculations at 
interlayer surfaces and edges  
Lorena Tribe1, George A. Khoury1, Bao Phung Truong1, Todd Gehris1, and María dos Santos Afonso2. (1) Division 
of Science, Penn State Berks, Tulpehocken Rd., Reading, PA 19610, lut1@psu.edu, (2) INQUIMAE, Departamento 
de Química Inorgánica, Analítica y Química Física, FCE y N, Universidad de Buenos Aires  

Glyphosate (N-phosphonomethylglycine) is the most popular herbicide in the world. Glyphosate is rapidly adsorbed 
and tightly bound to most soils through constituents such as clay minerals, metallic oxides, organic materials and 
humic substances. Glyphosate can be adsorbed on clay silicates like montmorillonite or bound to octahedral cations, 
specifically iron and aluminum, exposed on the edges of the mineral surface. Glyphosate also penetrates into the 
interlayer space, which expands in aqueous solution. As the exact binding mechanism is not fully understood we 
develop and implement a theoretical structural model of these interactions using the molecular modeling and 
quantum mechanical calculations. This model reproduces the expansion of the interlayer in presence of water 
adequately and allows for estimations of the adsorption energies of the glyphosate molecule through its 
phosphonate and amino moieties, both to silicates in the interlayer spaces and to octahedral aluminum atoms at the 
edges of the mineral.  

 
COLL 329 Cloud formation, surface tension and drop adhesion  
Preeti S. Yadav, Prashant Bahadur, and Rafael Tadmor, Dept. of Chemical Engineering, Lamar University, 4400 
Martin Luther King Parkway, Beaumont, TX 77710  

The surface energy of Particulate Matter determines the chances of it to adsorb water vapors and small aqueous 
droplets thereby mediating cloud formation. In this experimental study we relate the surface energy of a liquid to the 
amount and composition of particulate matter that was adsorbed in it. Then we compare the force required to slide a 
clean drop past a surface, versus the force required to slide a particulate matter contaminated drop past the same 
surface.  

 
COLL 330 Co-sorption of As(III) and As(V) onto hydrous ferric oxide and surface-catalyzed oxidation of 
As(III) by oxygen  
Je-Hun Jang, Environmental Engineering, Pennsylvania State University, 212 Sackett building, University Park, PA 
16802, jehun@psu.edu, and Brian A. Dempsey, Department of Civil & Environmental Engineering, Pennsylvania 
State University  



The simultaneous sorption of As(III) and As(V) onto hydrous ferric oxide (HFO) and subsequent changes in the 
redox speciation of As were monitored at pH from 3 to 12 for 14 days in the presence of hydrous ferric oxide (HFO), 
using 120 uM As(III), 120 uM As(V) and 1 mM Fe(III) as HFO in 13 mM NaCl solution. The modified molybdenum 
blue method (865 nm) was used to measure As(V) and total As, and As(III) was determined by difference. As was 
extracted during 24 hours using 0.5 M NaOH solution, which extracted 96 % of As(III) and 100 % of As(V). These 
techniques resulted in 96 to 100% recovery of total As for all pH values and over 14 days of the experiment. The 
sorption of As(V) onto HFO increased during the first five days, especially at neutral pH. The sorption of As(III) was 
noisier, but decreased after 10 days. Total extracted As(III) remained constant during the first 5 days, and then 
decreased, resulting in increased extractable As(V). Approximately 23% of As(III) was oxidized between days 5 and 
10. These results were observed for the entire pH range. The fraction of sorbed As(V) did not show significant 
change after 5 days, in spite of the increase of extractable As(V).  

 
COLL 331 Competitive adsorption of low-molecular weight organic acids at hematite/water interfaces  
Yu Sik Hwang and John J. Lenhart, Department of Civil and Environmental Engineering and Geodetic Science, The 
Ohio State University, 2070 Neil Avenue, Columbus, OH 43210, hwang.156@osu.edu  

In natural systems, numerous low-molecular weight (LMW) organic acids are present in significant concentrations 
and compete with each other for binding sites on mineral surfaces. Using batch adsorption experiments, ATR-FTIR 
spectroscopy and surface complexation modeling, we are examining the adsorption of a suite of LMW organic acids 
(phthalic, maleic, fumaric, succinic, oxalic, and 2,3-dihydroxy-benzoic acids) in single and binary combinations at the 
hematite/water interfaces. The results of competitive adsorption in binary-acid systems suggest only site competition 
with little evidence for the formation of new surface complexes not present in single-acid systems. Based on this we 
are able assemble surface complexation models (SCMs) developed for the single-acid systems and use them to 
predict behavior in the binary-acid systems. These models will be subsequently tested to evaluate the transport of 
organic acids in packed-media columns with the goal of testing whether reactive transport models constrained by a 
molecular-level understanding of surface and solution interactions can truly be used to predict transport in multi-
solute systems.  

 
COLL 332 Electrical double layer interactions between a spherical particle and a planar surface: A Monte 
Carlo study  
Patricia Taboada-Serrano, Sotira Yiacoumi, and Costas Tsouris, School of Civil and Environmental Engineering, 
Georgia Institute of Technology, 200 Bobby Dodd Way, Atlanta, GA 30332-0373, taboadaserpl@ornl.gov  

Phenomena like the deposition of colloidal particles under unfavorable conditions, the unexpected behavior of 
aggregation rates, the detected interaction force between similarly charged mica sheets in divalent electrolytes, the 
unexpected behavior of colloidal crystals, the in vitro formation of toroidal bundles of different polyions of biological 
significance, and the organization of rigid polyions in different nanostructures have triggered revisions to the 
classical Derjaguin-Landau-Verwey-Overbeek (DLVO) theory. Although the DLVO theory predicts electrostatic 
repulsive interactions between similarly charged surfaces, molecular modeling studies on the interaction of infinite 
planar surfaces and colloidal particles predict the occurrence of like-charge attraction at conditions of high 
electrostatic coupling. The occurrence of attractive interactions of electrostatic origin would explain some of the 
above mentioned phenomena. However, direct comparison between calculations and experimental observations has 
not yet been achieved. In this work, canonical Monte Carlo (CMC) simulations are employed to examine the 
electrical double layer formation and to calculate the electrical double layer interaction force between a uniformly 
charged spherical particle and a discretely charged planar surface, a geometry not yet explored. The CMC results 
reveal the occurrence of attractive interactions between the similarly charged surfaces that are the result of the 
discrete character of charge, ion size effects, and ion-ion correlations. These phenomena are not considered within 
the framework of the classical theory. The molecular modeling strategy developed in this work will be used to pursue 
experimental validation of simulation results via comparisons with direct force measurements.  

 
COLL 333 Electron transfer at the cytochrome-iron oxide interface  
Sebastien Kerisit, Kevin M. Rosso, Michel Dupuis, and Xuelin Wang, Chemical Sciences Division, Pacific 
Northwest National Laboratory, Richland, WA 99352, Fax: 509-376-3650, sebastien.kerisit@pnl.gov  



Reduction of Fe(III)-oxides via anaerobic respiration of dissimilatory iron-reducing bacteria is an important process in 
anoxic environments. Multi-heme outer membrane cytochromes are thought to function as terminal reductases in 
electron transfer to iron oxides; however, the actual mechanisms of electron transfer are still unclear. One of the key 
questions is whether direct contact between the bacteria and the mineral surface is required for electron transfer to 
occur. Here we present the results of our effort to combine electron transfer theory and ab initio calculations to 
assess whether interfacial electron transfer is kinetically feasible. As structural characterization of these cytochromes 
has not yet been achieved, we explored a range of possible distances and orientations of a model heme group 
above hematite surfaces. Our results show that surface termination, distance, orientation, and the presence of 
intervening water molecules have a significant effect on the rate of electron transfer.  

 
COLL 334 Human health and environmental interfaces: Identification of major determinants with reference 
to India  
Shanmuganandan Samarajalingam, Department of Geography, Madurai Kamaraj University, Professor and Head, 
Department of Geography, School of Earth and Environmental Sciences, Madurai Kamaraj University, 
Palkalainagar, Madurai 625021, India, Fax: 91 452 2531056, Anandan9@yahoo.com  

The present study attempts to explain the zoonotic diseases in the context of explaining the links of environmental 
interfaces in developing countries with special reference to India. The study also probes in to the identification and 
analysis of major determinants of interfaces or links between the environmental settings and diseases occurrence in 
Indian context. Several contributors advocated research into the impacts of the interactions of 
human/animal/environment and the better understanding of the multiple interfaces between these three areas. ). It is 
also observed that approximately 90 percent of the worldwide burden of all causes of death and disability occur in 
developing regions of the world. However only 10 percent of all health care funds are spent in these regions. Six 
disease categories (pneumonia and influenza, AIDS, diarrhoeal disease, tuberculosis, malaria and measles) are 
responsible for 90 percent of the estimated 13.3 million deaths in children and young adults due to major infectious 
and parasitic diseases A conceptual model is derived based on the findings of the present study.  

 
COLL 335 Modeling arsenic adsorption by activated alumina using a speciation-based approach  
Xiao Hong Guan, Department of Environmental Engineering, Jiangsu Polytechnic University, Baiyun Road, 
Changzhou, China, cegraceguan@gmail.com, and Jianmin Wang, Department of Civil, Architectural & 
Environmental Engineering, University of Missouri-Rolla, Rolla, MO 65409, Fax: 573-341-4729, wangjia@umr.edu  

Many surface complexation models have been proposed to quantify the arsenic adsorption by various environmental 
media including activated alumina. However, the consideration of the surface electrostatic effects and the use of 
many empirical parameters make the modeling process very complex, which limits the application of these models. 
This study assumed that the surface electrical static effect on arsenic adsorption is not important, and developed a 
speciation-based model describing arsenic adsorption as functions of pH and arsenic concentration. The surface site 
density and acidity constant of the adsorbent were determined with a batch titration method. The stability constants 
of alumina-arsenic were determined by fitting the arsenic adsorption data with this model. It was revealed that the 
speciation-based model could simulate the adsorption data over large pH range and arsenic loading range with only 
four stability constants. This model offers a substantial improvement and simplification in modeling arsenic 
adsorption on metal (hydr)oxides.  

 
COLL 336 Oxygen mass transfer and surface tension measurements  
Toomas Tenno, Department of Chemistry, University of Tartu, Jakobi 2, Tartu 51014, Estonia, toomas.tenno@ut.ee  

The aim of current study was to investigate the oxygen mass transfer rate through gas-liquid interface and to 
compare the results with surface tension measured data. Measured data were used for calculation of velocity 
coefficients of oxygen mass transfer (ks) of surface layer of solution of surfactant. Already very low concentrations of 
surfactants in water are influencing the mass transfer rate of oxygen. Butanol added to the water in the concentration 
0,0001 mol/l will decrease the value of velocity coefficients of oxygen mass transfer about 38 %, and 77 % in the 
case of solution of 0,001 mol/l. Surface tension of solutions was varying within 1 %. In current paper the issue of 
formation of two-dimensional gas layer on the surface of solution is discussed to explain the phenomena of oxygen 



mass-transfer through gas-liquid interface taking into account measured data and adsorption of surfactants onto 
gas-liquid surface.  

 
COLL 337 Photo-enhanced ozone uptake onto organic films  
Barbara D'Anna, Laboratoire d'Application de la Chimie à l'Environnement (LACE), CNRS, 43 Bd du 11 Novembre 
1918, Villeurbanne 69622, France, Fax: 33-472-44-84-38, barbara.d-anna@univ-lyon1.fr, and Christian George, 
LACE, CNRS  

The uptake coefficients of ozone onto organic films of nine aromatic compounds (catechol, benzophenone, 4-
nitrophenol, 1,7-dihydroxynaphthalene, 1,7-dihydroxynaphthoic acid, 4-benzylbenzoic acid, 1-hydroxy-2-
naphtaldehyde, 2,6-dihydroxyanthraquinone, 1,7-dihydroxyanthracene) and humic substances have been 
determined using a flow-tube reactor. The uptake coefficients were determined at various ozone concentrations, 
temperatures and relative humidity. The experiments were performed in dark and light conditions. Two sets of lamps 
have been used: one set in the UV region (wavelength between 340-390 nm) and another in the visible region 
(wavelength between 400-680 nm).  

The results show a main feature. Almost all the compounds investigated exhibit a remarkable photo-enhanced 
ozone uptake upon irradiation. Further studies on chemical composition and contact angles would be performed in 
the near future.  

 
COLL 338 Quantum-resolved photodesorption and photodissociation studies of ice surfaces and interfaces  
Babajide Olanrewaju, School of chemistry and Biochemistry, Georgia Institute of Technology, 770 State Street, 
Atlanta, GA 30332, boalanre@gatech.edu, and Thomas M. Orlando, School of Chemistry & Biochemistry, Georgia 
Institute of Technology  

Several mechanisms have been proposed for the release of halogen atoms from sea salt particles during 
tropospheric ozone depletion episodes at polar sunrise. However, the description of the initial reactions that lead to 
the formation of precursors for these reactive halogen species remains incomplete. The surface enhanced catalytic 
effect of ice/snow and sea salt particles interfaces is not well understood. Since the photochemical processing of 
interfaces containing halogenated acids and hydrocarbons may be an important source of reactive halogen species; 
we have carried out state resolved studies of photochemical production and release of Br and I from selected organ 
halides adsorbed on ice and frozen salt solutions. We also examined some of the photochemical reactions initiated 
at the ice/salt interface.  

 
COLL 339 Bitumen recovery from a Chinese oil sand by hot water extraction process  
Jianzhong Zheng and Jing Wang, State Key Laboratory of Pollution Control and Resource Reuse, Nanjing 
University, School of the Environment, Nanjing, China, Fax: 025-8359-6185, szheng@nju.edu.cn  

A modified hot water extraction process for bitumen recovery from a hard-to-process oil sand is presented in this 
study. Laboratory flotation experiments indicated that optimization of bitumen recovery can be achieved by 
appropriately control the slurry salinity, pH and temperature, and addition of process aids. It was found that the 
addition of sodium silicate can significantly improve the process separation efficiency. Mechanisms for improved 
separation were proposed by conducting flotation, electrokinetic, contact angle and interfacial tension experiments.  

 
COLL 340 Remediation of oil-contaminated carbonate beach sand by a seawater-based separation process  
Jianzhong Zheng and Jing Wang, State Key Laboratory of Pollution Control and Resource Reuse, Nanjing 
University, School of the Environment, Nanjing, China, Fax: 025-8359-6185, szheng@nju.edu.cn  

In this study, a seawater-based separation process was used to separate carbonate beach sand from a synthetic 
sand-crude oil mixture simulating post oil-spill scenarios. Laboratory flotation experiments were conducted at room 
temperature in synthetic seawater with a suite of surfactants and depressants added to the slurry to improve the 
separation efficiency between oil and sand particles. It was found that a combination of a cationic surfactant 



(C12TAB) and an organic depressant (CMC) can greatly improve the separation efficiency. Flotation, viscosity, 
electrokinetic, contact angle and interfacial tension experiments were conducted to clarify the underlying 
mechanisms of separation.  

 
COLL 341 Spontaneously formed “hydrophilic” surfaces in hydrophobic environment by segregation of 
block copolymers  
WITHDRAWN  

A block copolymer of polystyrene (PS) and 2-[2-(2-methoxyethoxy)ethoxy]ethyl methacrylate (PME3MA) 
spontaneously segregates the water-soluble PME3MA block to the surface in a vacuum, whereas a water-soluble 
polymer, in general, has a large surface tension due to its polar groups avoiding contacts with a vacuum or air. Even 
when a small amount of such block copolymer is mixed with hydrophobic PS, the water-soluble block of the block 
copolymer is partitioned at the surface. The methoxy groups at the termini of side chains of PME3MA cover the 
surface and form the apparent hydrophobic surface. Such a hydrophobic surface, however, quickly becomes 
hydrophilic upon a contact with water and forms a PME3MA brush anchored on the surface of PS. The influence of 
ethylene oxide units in the side chain of hydrophilic block was also studied. Block copolymers of PS and hydrophilic 
blocks of 2-(2-methoxyethoxy)ethyl methacrylate (PS-PME2MA) and 2-methoxyethyl methacrylate (PS-PME1MA) 
showed the same segregation behaviour in air. However, the strength of the hydrophobic interaction in water of 
PME1MA modified surface is stronger than the other copolymers and the adsorption of protein was only observed on 
PME1MA surface. PME1MA is not water-soluble, whereas PME2MA and PME3MA are water-soluble. PS-PE2MA 
and PS-PME3MA block copolymers with water-soluble blocks are capable of forming brush layer in water, which 
prevent hydrophobic interaction and adsorption of protein.  

 
COLL 342 Surface structure and reactivity of hydrated magnetite (111) under environmentally relevant 
condtions  
Sarah C. Petitto1, Kunaljeet Tanwar1, Sanjit K. Ghose2, Peter Eng2, Michael F. Toney3, and Thomas P. Trainor1. (1) 
Department of Chemistry and Biochemistry, University of Alaska Fairbanks, Fairbanks, AK 99775, Fax: 907-474-
5640, scpetitto@hotmail.com, (2) GSECARS, Consortium for Advanced Radiation Sources, University of Chicago, 
(3) Stanford Synchrotron Radiation Lab  

Surface reactions involving magnetite (Fe3O4) play an important role in controlling the composition of natural waters 
and regulating the transport and bioavailability of aqueous contaminants.  The reactivity of these substrates is 
directly related to the structure and composition of the surface termination.  Under environmental conditions with 
exposure to water and a variety of aqueous species, the resultant surface structures are likely to be significantly 
different from a simple bulk termination of the crystal lattice. Therefore, to accurately predict surface reactivity of 
magnetite under environmentally relevant conditions, it is imperative to provide experimental results on the structure 
of the water-substrate interface.  The terminating surface structure of Fe3O4(111) as a function surface hydroxylation 
was determined using crystal truncation rod (CTR) diffraction.  Our results show that the surface structure and 
composition changes as a function of hydration exposure.  Complementary, X-ray reflectivity experiments on the air-
exposed (111) surface revealed the presence of an oxide overlayer with a thickness on the order of 25 to 50 
angstroms.  The chemical identity of the terminating surface moieties and their effects on the surface reactivity of the 
hydroxylated and air-exposed surfaces will be discussed.  These results will be compared with similar work focused 
on the surface structure and reactivity of other common iron oxide phases found within the environment.  

   

 
COLL 343 Surface-specific IR studies of organic matter interactions at mineral surfaces  
Joan E. Thomas1, Robert D. Schmidt2, Elizabeth A. Canuel3, and Michael J. Kelley1. (1) Dept. of Applied Science 
and Free Electron Laser Dept, College of William & Mary and Thomas Jefferson National Accelerator Facility, 
Applied Research Center, 12050 Jefferson Avenue, Newport News, VA 23606, Fax: 757-269-5519, 
thomasj@jlab.org, (2) Free Electron Laser Department, Thomas Jefferson National Accelerator Facility, (3) School of 
Marine Science, College of William and Mary  



The adsorption of organic materials onto the surface of soil and sediment particles impacts inter-particulate 
interactions and global biochemical cycles. A series of geochemically significant samples were prepared using 
kaolinite and gamma-alumina, treated with organics, including both cyclic and straight-chain carboxylic acids and 
short chain amino acids. The simple, surface sensitive DRIFT spectroscopic technique (suited to the fine particulate 
nature of the samples) was used to study the chemical nature of the organic – mineral interaction. The DRIFT results 
obtained for salicylic acid and L-lysine adsorbed onto gamma-alumina were closely comparable with reported ATR 
aqueous in situ studies under similar solution conditions. The adsorption of the long chain organics octacosane and 
myristic acid onto gamma-alumina, kaolinite and silica was investigated using hexane as the solvent. Myristic acid 
was observed on both gamma-alumina and kaolinite surfaces forming carboxylate linkages.  

 
COLL 344 Influence of Au on the chiral modification of Ni surfaces  
Aoife G Trant1, Tim E Jones1, Chris J Baddeley1, Tim C Q Noakes2, and Paul Bailey2. (1) EaStCHEM School of 
Chemistry, University of St Andrews, North Haugh, St Andrews, KY16 9ST, United Kingdom, Fax: +44 1334 463808, 
at51@st-and.ac.uk, (2) MEIS facility, CCLRC Daresbury Laboratory  

The Ni-catalysed enantioselective hydrogenation of beta-ketoesters is one of very few examples of heterogeneous 
asymmetric catalysis. The use of bimetallic AuNi catalysts has the potential to improve the longevity of the catalyst 
(by minimizing leaching of Ni from the catalyst) and to enhance the enantioselectivity of the reaction. These are two 
of the main factors preventing this catalytic system achieving success in an industrial environment. Using STM, TPD, 
RAIRS and Medium Energy Ion Scattering (MEIS), we have studied the adsorption of chiral modifiers (e.g. (S)-
glutamic acid) on Au{111}/Ni surfaces as functions of Ni film thickness and pre-annealing temperature. In the sub-
monolayer Ni regime, we have examined how Ni cluster size influences the adsorption of the modifier. By thermally 
inducing Au/Ni intermixing, we have probed the influence of Au on the surface chemistry of (S)-glutamic acid. In 
addition, we report the synthesis, characterization and catalytic performance of silica-supported AuNi catalysts.  

 
COLL 345 Surface properties of the jaws of a marine worm, Nereis  
Rashda K. Khan, J. Herbert Waite, and Galen D. Stucky, Department of Chemistry and Biochemistry, University of 
California, Santa Barbara, Santa Barbara, CA 93106 - 9510, rkhan@chem.ucsb.edu  

Jaws of a polychaete worm, Nereis virens (commonly known as a clamworm), are hard, abrasion-resistant and 
lightweight. Nereis hunts for prey in sediment grains; everting its proboscis and burrowing by crack propagation. The 
surface and core regions of the jaw have distinct morphologies. We have made use of high resolution Scanning 
Electron Microscopy (SEM), X-ray Photoelectron Spectroscopy (XPS) and Secondary Ion Mass Spectrometry 
(SIMS) to elucidate ultrastructure and various inorganic elements in the jaw.  

We have found that the jaws contain halogens, zinc, silicon and aluminum, to name a few. Some halogens are 
bound to proteins and mainly localized to the outer coating. Surface analyses of jaws have allowed depth profiling 
and chemical states of the specific inorganic elements. SEM suggests a granular appearance of the jaw coating.  

The bio-composite surface displays unique mechanical properties and may serve as a protective coating. Halogens 
may enhance the resistance of proteinaceous material against decay by bacteria and fungi, given their role in other 
organisms. In this work the relationship of inorganics to the chemical, structural, mechanical and microbial properties 
of the Nereis jaws is described.  

 
COLL 346 A further insight into the mechanism of platinum biosorption by IR spectrometry  
WITHDRAWN  

A further insight into the biosorptive interaction of platinum with resting cell of Bacillus megatherium D01 biomass 
has been obtained using scan electron microscopy (SEM), ultraviolet–visible (UV-vis) and infrared (IR) spectroscopic 
techniques. Under the scan electron microscope, the Pt4+ challenged D01 biomass showed the distribution of 
bioreduced Pt0 with nanometer scales in the biomass. The analysis of glucose content in hydrolysates of the D01 
biomass for different time intervals by the UV-vis spectrometry indicates that the biomass contains a regular 
reducing sugars and the hydrolysis of polysaccharides from the resting cell of the biomass is a quick process. The IR 



spectrometry on hydrolysate of the D01 biomass and that exposed to the Pt4+, and on the biomass and that 
challenged the Pt4+ for various time exposures demonstrates that chemical functional groups such as carboxylate, 
hydroxyl, peptide bond, and carboxyl located in the cell wall biopolymers may be mainly responsible for the platinum 
biosorptive behavior and, moreover, the interaction of the oxygen of the carbonyl group from the peptide bond with 
the platinum could result in a transformation of the b–folded to the a–helical form in most polypeptides of the cell 
walls; and that the free aldehyde group of the hemiacetalic hydroxyl originating from the reducing sugars, i. e., the 
hydrolysate of the polysaccharides on peptidoglycan layers of the cell walls can be believed to perform an important 
function in behaving as an electronating agent for in situ reducing the Pt4+ to the Pt0. This result was further 
corroborated by the IR experiment in glucose reacted with the Pt4+.  

 
COLL 347 Adsorption of ethanethiol, ethanol, and mercaptoethanol on Ge(100)-2x1  
Jessica S Kachian and Stacey F. Bent, Department of Chemical Engineering, Stanford University, 381 North-South 
Mall, Stanford, CA 94305, jskach@stanford.edu  

The adsorption of ethanethiol, ethanol and mercaptoethanol on Ge(100)-2x1 at 310 K was investigated to gain a 
fundamental understanding of bonding in these systems for use in practical applications surrounding semiconductor 
passivation. Vibrational spectra of the products of these three reactions obtained via multiple internal reflection 
Fourier transform infrared (MIR-FTIR) spectroscopy in ultrahigh vacuum suggest that the products are formed via 
dissociation of the X—H bond, where X represents the electronegative atom(s)—O and/or S--in the adsorbate. It is 
believed that these reactions are preceded by a dative-bonded state in which the electronegative atom(s) of the 
adsorbate donate(s) a lone pair of electrons to the down atom of a germanium dimer. Density functional theory was 
used to investigate this pathway, and potential energy surfaces and frequency spectra obtained by calculation 
support the postulated mechanism. The results will be discussed in the context of relative reactivity of S versus O 
groups.  

 
COLL 348 Reaction of isocyanates and isothiocyanates at the Ge(100)-2x1 surface  
Paul W. Loscutoff and Stacey F. Bent, Department of Chemical Engineering, Stanford University, 381 North-South 
Mall, Stanford University, Stanford, CA 94305, Fax: 650-723-9780, loscy@stanford.edu  

Recently, multiple layer deposition of organic molecules was demonstrated using the highly reactive isocyanate 
moiety. Continuing this work, we have studied the reactions of several isocyanates and isothiocyanates on the 
Ge(100)-2x1 surface using multiple internal reflection Fourier transform infrared spectroscopy. Results for phenyl 
isocyanate indicate that the molecule adsorbs as a [2+2] reaction product between the C=N of the isocyanate group 
and the Ge surface dimer, in agreement with the published reaction product for 1,4-phenylene diisocyanate. 
Adsorption studies of mono-isothiocyanates suggest the presence of a sulfur dative-bonded state as well as a 
cycloaddition product between the isothiocyanate group and the Ge dimer. The adsorption product for 1,4-phenylene 
diisothiocyanate is difficult to characterize, but appears to differ from the reaction product for 1,4-phenylene 
diisocyanate. Nonetheless, the spectra show that there is an intact isothiocyanate moiety present in the adsorbed 
product, indicating the potential for a multiple layer reaction scheme.  

 
COLL 349 Poly(acrylamide)-based microparticles for cardiovascular imaging and therapeutic applications  
Joel A. Cohen, Department of Chemical Engineering, University of California, Berkeley, CA 94720-1460, 
cohenja@berkeley.edu, and Jean M. J. Fréchet, Department of Chemistry, University of California, Berkeley  

Sub-micron-scale polymer spheres prepared by the free-radical polymerization of acrylamide-based monomers in 
inverse emulsions are being investigated as carriers of imaging and therapeutic agents capable of targeting markers 
of cardiovascular disease in vivo. Novel monomers have been synthesized to enable the facile attachment of 
imaging agents, targeting ligands, and additional bioavailability-enhancing moieties via orthogonal conjugation 
chemistries. Additionally, therapeutic agents (e.g., proteins) or complimentary imaging compounds can be 
encapsulated within the polymer network. The incorporation of cross-linking monomers containing acetal groups 
allows for rate-controlled particle degradation for timed-release of encapsulated agents and eventual elimination of 
the particle materials from the body. Advancements made in developing this poly(acrylamide) system towards 
applications in Positron Emission Tomography (PET), Magnetic Resonance Imaging (MRI), and Near Infra-Red 
(NIR) imaging will be discussed.  



 
COLL 350 Adsorption and catalytic combustion of VOCs on cryptomelane catalysts  
Dora Frias1, Mario Montes1, Miguel Angel Centeno2, and José Antonio Odriozola2. (1) Applied Chemistry 
Department, University of the Basque Country, Paseo Manuel Lardizabal, 5, San Sebastian, Spain, (2) Inorganic 
Chemistry Department and Materials Science Institute, Univeristy of Seville, Av. Americo Vespucio, 49, Seville 
41092, Spain, odrio@us.es  

Crytomelane synthesis carried out by mechanical milling of manganese precursors results in the formation of high 
surface area nanoparticles, the process parameters that influence the physico-chemical characteristics of these 
nanoparticles are discussed. The high adsorption capacity of these cryptomelane solids for model VOC compounds 
(e.g. toluene) and the ability for the total oxidation reaction is discussed on the basis of the surface chemistry of VOC 
molecules on the cryptomelane surfaces. The catalytic results obtained for the bulk solids are compared with those 
obtained for in situ grown crytomelane solids onto stainless steel surfaces resulting in model devices for 
microchannel reactor devices.  

 
COLL 351 Metal phosphide hydrodesulfurization catalysts: Effects of support and phosphide composition  
Mark E. Bussell, Autumn W. Burns, Rachel M. Saunders, Junwen Law, and Jacob Yeager, Department of 
Chemistry, MS-9150, Western Washington University, 516 High Street, Bellingham, WA 98225-9150, Fax: 360-650-
2826, Mark.Bussell@wwu.edu  

A new class of materials, oxide-supported transition metal phosphides, has recently been shown to have high 
hydrodesulfurization (HDS) activities. For example, silica-supported nickel phosphide (Ni2P/SiO2) has been reported 
to have a higher activity than commercial Ni-Mo/Al2O3 and Co-Mo/Al2O3 catalysts. In this work, the effects of support 
and phosphide composition on the hydrotreating properties of metal phosphide catalysts will be presented. The HDS 
catalytic properties of Ni2P supported on mixed oxides of various compositions and on modified aluminas, as well as 
of oxide-supported bimetallic phosphides with compositions of CoxNi2-xP, FexNi2-xP and Ni2-xMoxP (0 < x ≤ 1) will be 
described.  

 
COLL 352 FTIR and UV/vis spectroscopic studies of reaction intermediates during direct propylene 
epoxidation using H2 and O2 over a Au-Ba/Ti-TUD catalyst  
Jiqing Lu1, Juan J. Bravo-Suárez1, Susumu Tsubota1, and S. Ted Oyama2. (1) Research Institute for Innovation in 
Sustainable Chemistry, National Institute of Advanced Industrial Science and Technology, AIST Tsukuba West, 16-1 
Onogawa, Tsukuba 305-8569, Japan, Fax: 81-29-861-8482, jiqing-lu@aist.go.jp, (2) Department of Chemical 
Engineering, Virginia Tech, 140 Randolph Hall, Blacksburg, VA 24061, oyama@vt.edu  

Gold supported barium-promoted mesoporous titanosilicate catalyst highly active and selective for direct propylene 
epoxidation using H2 and O2 has been studied by in situ UV/vis and FTIR spectroscopy. During in situ UV/vis 
measurements under a H2/O2 mixture a broad peak in the 30000 cm-1 region, assigned to a charge transfer 
interaction between the hydroperoxide (-OOH) ligand and Ti4+, was found and its intensity increased with reaction 
time. When introducing a mixture of C3H6/H2/O2 the same feature was observed but with a higher intensity, which 
could be related to adsorbed carbon species on the catalyst surface. FTIR bands arising at 2980, 2939 and 2884 
cm-1 are assigned to the C-H stretching vibrations of bidentate propoxy species, which can result from PO 
decomposition. Bands at 1561 and 1423 cm-1 are due to the adsorption of formate and acetate species from the 
oxidation of the bidentate species.  

 
COLL 353 Sublimation effects in nanoparticle catalysts at high temperatures  
Helen H. Farrell1, Lucia M. Petkovic2, Daniel M. Ginosar3, Harry W. Rollins3, Kyle C. Burch3, and Patrick J. Pinhero1. 
(1) Materials Sciences Dept, Idaho National Laboratory, MS 2211, 2525 North Freemont Ave., Idaho Falls, ID 83415, 
Fax: 208-526-5327, Helen.Farrell@inl.gov, (2) Chemical Sciences Dept, INL, (3) Chemical Sciences, Idaho National 
Laboratory  

At elevated temperatures, the vapor pressure of small metal particles can be orders of magnitude higher than that of 
the bulk metal. While the effect of reduced dimensionality on changing the properties of nanoparticles, such as 
melting point and band gap, is well known, it has not commonly been applied to catalytic nanoparticles at the 



relatively high temperatures (e.g., 850 °C), such as those required for hydrogen producing thermochemical cycles. 
At these temperatures, Pt nanoparticles less than about 5 nm sublime orders of magnitude faster than expected 
based on bulk properties. This effect, in conjunction with surface diffusion, can be a significant factor in catalyst 
deactivation. First principles, density functional theory calculations of the heat of vaporization show that nanoparticle 
vapor pressures increase exponentially with the inverse of the particle diameter. This effect is not confined to Pt, but 
is found in other metal nanoparticles, most at substantially lower temperatures.  

 
COLL 354 Metallic nano-clusters growth and film patterning via weakly bound buffer layer  
Micha Asscher, Physical Chemistry, The Hebrew University of Jerusalem, Givat-Ram, Jerusalem 91904, Israel, 
Fax: 97226525037, asscher@fh.huji.ac.il  

Growth of metallic nano-clusters and control over their size are critically important for catalysis. Development of film 
patterning at the nanometer scale has significant impact on future lithography. In this work we present a method to 
grow metallic nano-clusters using a weakly bound buffer layer as an intermediate substance to control the clusters 
size in the range 2-15 nm. Using optical probes, the size selected diffusion of gold nano-clusters on metallic and 
oxygen modified surfaces has been studied. A strong dependence on the nature of the substrate was observed. This 
information provides the tools for better understanding and then control the thermal stability of clusters toward the 
development of sintering resistant catalysts. The same technique was further developed at thicker metallic film 
thickness to pattern the layer at the sub-micron to nanometer scale employing a single laser pulse. This technique is 
discussed as a novel approach for lithography.  

 
COLL 355 Modeling nanostructured Au/SiO2: The role of 3D TiO2 overlayer on CO oxidation in presence of 
hydrogen  
László Guczi1, Anita Horvath2, Andrea Beck2, and AnnaMaria Venezia3. (1) Department of Surface Chemsitry and 
Catalysis, Institute of Isotope and Surface Chemistry, CRC, HAS, P. O. Box 77, Budapest H-1525, Hungary, Fax: 
(36)-1-395-9001, guczi@sunserv.kfki.hu, (2) Department of Surface Chemistry and Catalysis, Institute of Isotope, (3) 
InIstituto per lo Studio dei Materiali Nanostrutturati, CNR  

3D nanostructured TiO2 overlayer was prepared either by contacting SiO2 hydroxyl groups with Ti-isopropoxide or 
by hydrolysis of Ti(IV)bis(ammoniumlactato)dihydroxide and gold sol (dAu=6 nm) was deposited on it (denoted by 
TiSi-Au, or TiAu-Si, respectively). In all Au/TiO2/SiO2 samples an intimate contact between Au nanoparticles and 
the finely dispersed TiO2 was evidenced by TEM and EDS analysis. Calcination caused significant sintering of the 
Au on TiO2 alone (after calcination dAu= 13 nm), whereas, it was retarded on the SiO2 supported TiSi-Au type 
samples (dAu~8 nm). No sintering was detected in both TiSi-Au and TiAu-Si systems that can be explained by the 
presence of a few nm thick TiO2 overlayer hampering aggregation of Au particles. The effect of different catalyst 
structures on CO oxidation in the presence of hydrogen was studied. The H2 oxidation decreased in the presence of 
CO in the following order TiAu-Si > Au-Ti >TiAu-Si.  

 
COLL 356 Shape-controlled palladium catalyst for selective hydrogenation of halonitro aromatic compounds  
Changkun Liu, Headwaters Nanokinetix Inc, 1501 New York Ave., Lawrenceville, NJ 08648, Fax: 609-394-9602, 
cliu@htinj.com, and Bing Zhou, Headwaters Technology Innovation Group  

Selective catalytic hydrogenation reaction is influenced by many factors, which include the presence of catalytic 
activators or poisons, the temperature, pressure, solvent agitation and other conditions specific to the particular 
process. One of the more important considerations for improving selectivity is the specific crystal face disclosure of 
active metal site. Comparing to inorganic metal salts precursor, organometallic compounds with different 
coordinative ligands provide the special capacity for extensive adjustment of the steric and electronic circumstance 
around metal center. This paper provides one method to prepare Pd/C catalyst using organicpalladium compounds 
as precursor. In the resulted Pd/C catalyst palladium particles are uniform with size around 20 nm and most of them 
in cubic shape. This Pd/C catalyst shows high selectivity (> 99%) in hydrogenation of halonitro aromatic compounds.  

 
COLL 357 Catalysis on controlled size and shape Pt- and Rh-nanoparticles supported on mesoporous 
materials  



Imre Kiricsi, Department of Applied and Environmental Chemistry, University of Szeged, Rerrich B. ter 1, Szeged 
H-6720, Hungary, Fax: +36 62 544 619, and Zoltán Kónya, Department of Applied Chemistry, University of Szeged  

The objective of our work is to design a model catalyst which will be used in a systematic study of the variables that 
influence reaction selectivity. In order to achieve the overall goal, the following objectives must be satisfied. 1. The 
synthesis of a high surface area support materials with well-ordered structure made of different metal oxides (silica, 
alumina, transition metal oxides). 2. The synthesis of metal nanoparticles with tuneable size and narrow size 
distribution. 3. The preparation of catalysts combining the catalytically active metal particles with the support oxide 
materials. 4. The synthesis of a zeolite layer around the existing metal nanoparticles in a core/shell fashion. 5. The 
characterization of the final material with the arsenal of different physical and chemical methods. 6. Determine both 
the role of metal particle size/shape and the role of support on reaction activity and selectivity. In this presentation 
we would like to show our results on the above mentioned fields.  

 
COLL 358 Close-packing of colloidal quantum dots: Photoluminescence properties of linear and spheroid 
assemblies of quantum dots  
Vasudevanpillai Biju, Tamitake Itoh, and Mitsuru Ishikawa, Nano-bioanalysis Team, Health Technology Research 
Center, National Institute of Advanced Industrial Science and Technology (AIST), 2217-14 Hayashi-Cho, 
Takamatsu, Japan, Fax: 087-869-4113, v.biju@aist.go.jp  

Quantum dots (QDs) are promising materials for micro- and nanofabricated devices. Development of QD-based 
device components requires controlled integration of QDs into different photonic and electronic materials, and 
understanding of optical and electronic properties of QD-based materials. In this regard, introduction of methods for 
one, two, and three dimensional arrangements of QDs has great potential. Among different QDs, colloidal CdSe and 
CdSe-ZnS are specifically interesting for their unique optical and electronic properties. Despite the incredible 
advancements in synthesis and understanding of the structural, optical, and electronic properties of QDs, the 
methods for controlled assembling of colloidal QDs are not explored in detail. Here we report preparation of linear 
and spheroid assemblies of colloidal QDs by controlled close-packing of QDs. The QD assemblies were 
characterized using TEM and AFM imaging, and fluorescence and Raman spectral analyses. The spheroid 
assemblies showed photoluminescence (PL) properties as a function of temperature, and the linear assemblies 
showed PL efficiency as a function of close-packing. PL properties of close-packed colloidal QD assemblies are 
compared with that of monomeric forms in the solution phase.  

 
COLL 359 Size characterization of colloidal metal catalyst nanoparticles by matrix assisted laser desorption 
ionization mass spectrometry  
Anderson L. Marsh and Jason K. Navin, Department of Chemistry, Lebanon Valley College, 101 N. College Ave., 
Annville, PA 17003, marsh@lvc.edu  

Colloidal metal nanoparticles are used for a variety of applications ranging from catalysis to biological sensors. In 
catalytic applications, knowledge of the particle size and the particle size distribution are critical for optimizing the 
activity and selectivity of these materials. Classical techniques for determining particle size include transmission 
electron microscopy (TEM), powder x-ray diffraction (XRD), and physical adsorption of gases, all of which may 
determine the size of the metal nanoparticle. However, colloidal catalyst nanoparticles are generally “capped” with a 
stabilizing agent such as a polymer. In this work we have applied matrix assisted laser desorption and ionization 
mass spectrometry, MALDI-MS, to characterize the size of colloidal metal nanoparticles. A model for determining 
metal nanoparticle size and polymer thickness using MALDI-MS has been developed and verified through 
correlation with results from TEM and XRD. The application of this technique to nanoparticle research greatly 
expands the tools available to characterize physical properties of nanoparticles.  

 
COLL 360 Contacting adatoms and molecules with a low-temperature scanning tunnelling microscope  
Richard Berndt, IEAP, Christian-Albrechts-Universität, Olshausenstr. 40, D-24098 Kiel, Germany, 
berndt@physik.uni-kiel.de  

Using low-temperature scanning tunnelling microscopy and spectroscopy we investigate individual atoms, clusters 
and molecules on metal surfaces. We report significant orbital shifts from organic molecules due to the local 



coordination which we attribute to hydrogen bonds. Localisation of surface state electrons at adatoms and clusters is 
experimentally observed and discussed in terms of an extended Anderson model and lossy scattering at the 
impurities. In addition to the tunnelling regime, we also explore closer tip-sample distances in the point contact range 
where currents of several micro ampere are passed through an atom or molecule.  

 
COLL 361 Observation of stereospecific domain formation: Adsorption of tartaric acid on Ag(111)  
Amit M. Lakhani and Thomas P. Pearl, Department of Physics, North Carolina State University, Raleigh, NC 27695-
7518, Fax: 919-513-0670, amlakhan@ncsu.edu  

Using low temperature scanning tunneling microscopy and low energy electron diffraction we have studied the 
dynamics of single chiral, tartaric acid (C4H6O6) molecules as it relates to the formation of stereospecific domains 
when exposed to an achiral Ag(111) surface. Creation of functional molecule based structures involves a detailed 
understanding of forces that drive aggregation and organization, specifically between adsorbate and surface and 
between adsorbates. Tartaric acid binds very weakly to Ag(111) at 300 K and a faint diffraction pattern indicates a 
commensurate structure with mirror symmetry reflecting either the (R,R) or (S,S) version of the enantiomeric pair. 
High resolution microscopy reveals the adsorption geometry and the nature of the intercommunication between 
stereosensitive adsorbates. We will likewise address the formation of small domains as it relates to interactions of 
the adsorbed species with the electronic surface state of Ag(111) and the chiral centers on the molecules.  

 
COLL 362 Periphery motion or collective diffusion: The case of adatom islands on metal surfaces  
Talat S. Rahman, Altaf Karim, and Abdelkader Kara, Department of Physics, Kansas State University, Cardwell 
Hall, Manhattan, KS 66506, rahman@phys.ksu.edu  

Recent development of a “self learning” Kinetic Monte Carlo technique allows examination of the diffusion of adatom 
and vacancy clusters on metal surfaces without biasing the system with an a priori choice of microscopic processes. 
Its application to two dimensional Cu (Ag) adatom islands, containing 1 to 100 atoms, on Cu (111) (Ag(111)) shows 
a cross-over in behavior. For smaller islands, the effective diffusion barrier increases almost monotonically with size, 
while for the larger islands (>20) it remains constant and the diffusion coefficient scales with size. Collective island 
motion plays a key role for the former, while periphery diffusion prevails, in the case of the latter. Unlike small Cu 
islands on Cu (100), we do not find any oscillation of the effective diffusion barrier or the diffusion coefficients with 
island size. Results will also be presented for the diffusion of Cu adatom islands on Ag(111) and compared with 
experimental data.  

 
COLL 363 Molecular dynamics of formation and operation of self-assembled nano-corrals and switches  
JC. Polanyi, Department of Chemistry, University of Toronto, 80 St. George Street, Toronto, ON M5S 3H6, Fax: 
(416) 978-7580, jpolanyi@chem.utoronto.ca  

Nano-corrals for capturing surface electrons are of interest for molecular electronics; they have in the past been 
formed by the manual assembly of atoms one-at-a-time at low temperature [1]. We describe a novel means to the 
construction of stable nano-corrals. Haloalkane molecules, e.g., 1-chlorododecane, physisorbed on Si(111)-(7x7), 
self-assemble at room temperature to form dimers stable to 100ºC which corral silicon adatoms [2]. The corral size is 
shown to be governed by the haloalkane chain-length. Isolation of a labile pre-cursor, together with kinetic analysis, 
points to a model for corral formation which combines mobility with immobility; mobile monomers diffuse in a vertical 
state and subsequently convert to the immobile horizontal dimers constituting the corrals [2, 3]. The molecular 
structure of the corrals is revealed in part by ab initio simulation of the STM images [2] and in part by patterns of 
induced reaction with the underlying surface [3, 4]. Spectroscopic and theoretical evidence shows that these 
haloalkane dimers on the Si(111)-(7x7) surface induce electron transfer to the corralled adatom, shifting its energy 
levels by ~1 eV [2]. For certain types of corrals the corralled adatom can switch between high and low conductance, 
constituting therefore a novel type of nanoswitch governed by alteration in configuration of its dipoles [5].  

1. M.F. Crommie, C.P. Lutz, D.M. Eigler, Science 362, 218 (1993). 2. S. Dobrin, R.V. Jones, K.R. Harikumar, N. Li, 
I.R. McNab, J.C. Polanyi, P.A. Sloan, Z. Waqar, J. (S.Y.) Yang, S. Ayassi and W.A. Hofer, Surf. Sci. 600, L43 
(2006). 3. S. Dobrin, K.R. Harikumar. I.R. McNab. J.C. Polanyi, Z. Waqar, J. (S.Y.) Yang, J. Chem. Phys., In 



Preparation (2006). 4.. Sergey Dobrin, K. Rajamma Harikumar and John C. Polanyi, J. Phys. Chem. B, 110, 8010 
(2006). 5. K.R. Harikumar, J.C. Polanyi, P.A. Sloan, S. Ayissi, W.A. Hofer, In Preparation (2006).  

 
COLL 364 Electronic control of single molecule dynamics  
G. Dujardin1, G. Comtet2, M. Martin2, M. Lastapis3, and D. Riedel3. (1) Laboratoire de Photophysique Moléculaire, 
Université Paris-Sud, Bâtiment 210, Orsay 91405, France, Fax: 33 1 69 15 67 77, gerald.dujardin@ppm.u-psud.fr, 
(2) Laboratoire de Photophysique Moléculaire, University Paris-Sud, (3) laboratoire de Photophysique Moléculaire, 
University Paris-Sud  

The use of a single molecule as a functionalized nano-machine requires being able to power and to control 
numerous dynamical processes at the atomic-scale. We have found that tunneling electrons from a low temperature 
(5 K) scanning tunneling microscope (STM) can be used to control, through resonant electronic excitation, different 
molecular movements of a single molecule. Both the energy dependence and the spatial selectivity of the electronic 
excitation inside the molecule demonstrate the feasibility of controlling the reversible dynamics (diffusion, 
isomerization, bistable state and transient state movement) of a single molecule with precision.  

 
COLL 365 Molecular recognition live: Interacting enantiomeres under the microscope  
Klaus Kern, Max-Planck-Institut f. Festkörperforschung and Institut de Physique des Nanostructures, EPFL, 
Heisenbergstr. 1, D-70569 Stuttgart, Germany, Fax: +49-711-689-1662, k.kern@fkf.mpg.de  

The specificity of binding in many biological and synthetic systems depends on the precisely defined arrangement of 
atoms in complementary structures interacting by short-range forces. In particular, since the molecular building 
blocks of life (aminoacids and sugars) are chiral, special interest has been placed on the molecular understanding of 
chiral recognition phenomena. Presently the models of stereoselectivity are based on static observations and 
atomistic modelling due to the difficulties of tracking the dynamics of biomolecular processes at the single-molecule 
level. Here we exploit the unexampled possibility to track the molecular chirality of individual molecules during 
scanning tunnelling microscopy (STM) imaging to follow the process involved in the chiral recognition of a dipeptide 
in real time. The interaction between two di-D-phenylalanine (D-Phe D-Phe) molecules and of D-Phe-D-Phe with its 
enantiomer L-Phe-L-Phe on Cu (110) is followed on the single-molecule level. The stereoselectivity of the interaction 
is evidenced by STM and rationalized on the basis of first principles and classical molecular dynamics simulations. A 
novel, molecular-level dynamic observation of the chiral recognition process is presented and the mutually induced 
conformational changes are highlighted in the general context of molecular specificity and supramolecular self-
assembly.  

 
COLL 366 Chemistry of dimethyl methylphosphonate on hafnium oxide nanoparticle surfaces  
Allyn K. Milojevich, Department of Chemistry, Virginia Polytechnic Institute and State University, 107 Davidson 
Hall, Blacksburg, VA 24060, Fax: 540-231-3255, amilojev@vt.edu, and John R. Morris, Department of Chemistry, 
Virginia Tech  

Organophosphonates have been used as simulants of highly toxic compounds such as chemical warfare agents in 
the study of the decomposition reactions that occur on the surface of hafnium oxide. Metal oxide and metal-oxide 
nanoparticles have been shown to decompose organophosphonate molecules. In this study, high surface area 
hafnium oxide nanoparticles are synthesized via laser ablation. This creates nanoparticles that are free of 
contaminates and have a narrow size distribution. The particles are characterized by atomic force microscopy and 
scanning electron microscopy. Once characterized, they are exposed to dimethyl methylphosphonate and the 
surface reaction is analyzed by reflection-absorption infrared spectroscopy.  

 
COLL 367 Surface modifications enhance colloidal iron transport and deliver them to the NAPL/water 
interface  
Navid B. Saleh1, Kevin Sirk2, Yueqiang Liu3, Tanapon Phenrat2, Bruno Dufour4, Krzysztof Matyjaszewski4, Robert D 
Tilton5, and Gregory V. Lowry6. (1) Civil and Environmental Engineering, Carnegie Mellon University, 5000 Forbes 
Ave, 119 Porter Hall, Pittsburgh, PA 15213, Fax: 412-268-7813, nsaleh@andrew.cmu.edu, (2) Department of 
Chemical Engineering, Carnegie Mellon University, (3) Department of Civil & Environmental Engineering, Carnegie 



Mellon University, (4) Department of Chemistry, Carnegie Mellon University, (5) Department of Biomedical 
Engineering and Department of Chemical Engineering, Carnegie Mellon University, (6) Department of Civil and 
Environmental Engineering, Carnegie Mellon University  

Rapid in-situ degradation of chlorinated solvents present as non-aqueous phase liquids (NAPL) can be 
accomplished using reactive zerovalent iron colloids (nanoiron). Transport of iron colloids is limited in the subsurface 
due to aggregation and attachment to media grain/water interfaces. Methods to minimize attachment and to target 
nanoiron to the NAPL/water interface will increase the efficiency of nanoiron treatment. Here, the surface properties 
of unmodified and modified colloidal iron are measured, and laboratory column reactors are used to compare the 
transport of bare, polyelectrolyte-modified, and surfactant-modified iron colloids. A high molecular weight 
polyelectrolyte (in a 56,000 g/mol tri-block copolymer) and low molecular weight (2,000-3,000 g/mol) polyelectrolyte 
were evaluated. The effect of particle concentration and solution ionic strength on the transport of each modified 
nanoiron is evaluated, and interactions of bare and modified particles with collector grain/water interfaces are 
determined in microfluidic flow cells and in Quartz Crystal Microbalance (QCM) experiments that directly probe the 
particle-collector grain interaction. High molecular weight polyelectrolytes provided the best mobility and was least 
affected by increasing ionic strength. Transport of modified nanoiron did not directly correlate with ƒê-potential or 
colloidal stability, but rather correlated to particle-grain interactions. This suggests that attachment of nanoiron to the 
surfaces of media grain/water interfaces is a more important filtration mechanism than aggregation and straining. 
Amphiphilic triblock copolymers adsorbed to the nanoiron provided them an affinity for the NAPL/water interface ex 
situ, and nanoiron modified by triblock copolymers with a high hydrophobe/hydrophile ratio showed promise for in 
situ targeting of entrapped NAPL.  

 
COLL 368 Aggregation of C60 in air and water  
Laura K. Duncan, Behnoush Yeganeh, Peter J. Vikesland, and Linsey C. Marr, Department of Civil and 
Environmental Engineering, Virginia Polytechnic Institute and State University, 418 Durham Hall, Blacksburg, VA 
24061, laduncan@vt.edu  

Water soluble fullerene (nC60) suspensions have recently received attention with respect to their potentially potent 
toxicology. Most work with nC60 has utilized particles produced via transfer from THF to water (nC60-THF) and only a 
limited number of studies have used suspensions produced by extended mixing of fullerene in water (nC60-aq). This 
mixing regime may better represent the pathway via which nC60 forms in nature, thus it is important to characterize 
the chemistry and physics responsible for nC60-aq formation and stability. This presentation will present results 
illustrating that nC60-aq aggregates were destabilized when solutions were exposed to polymeric surfaces or to 
modest salt concentrations (1-10 mM). When stable nC60 solutions were aerosolized, a 4-fold decrease in aggregate 
size was observed. These observations suggest that the forces holding these aggregates together are fairly weak 
and have important implications regarding the fate of fullerene in natural systems.  

 
COLL 369 Environmental interfaces from the nano-perspective  
Michael F. Hochella Jr., Department of Geosciences, Virginia Tech, 4044 Derring Hall, Blacksburg, VA 24061, 
hochella@vt.edu  

A very special subunit of Earth's atmosphere, hydrosphere, and solid Earth environments is the nanoscale interface 
realm. Nanoscale particles, films, and confined fluids are ubiquitous in nature, most importantly throughout the 
Critical Zone of the Earth, and their properties are predicted to be dramatically different from their bulk equivalents. 
Although they are everywhere, we appreciate little about them, even from a fundamental physical chemistry point-of-
view. However, it is becoming more common to observe their deviant behavior in laboratory and field studies in both 
biologically and abiotically dominated systems. Because of the minute sizes involved, the interface to bulk ratios are 
extremely large in the nanoscale components of bulk systems, and therefore interfaces become even more 
important than usual. Insight from fundamental as well as applied studies in this area of environmental interface 
science will be review in this talk.  

 
COLL 370 Chemical reactivity of oxide nanoparticles in aqueous environments  
R. Lee Penn, Department of Chemistry, University of Minnesota, 207 Pleasant Street SE, Minneapolis, MN 55455, 
Fax: 612-626-7541, penn@chem.umn.edu  



Oxides and oxyhydroxides commonly occur as nanoparticles in the 3-10 nm size range and strongly impact the 
biogeochemical cycle of many species at and near the Earth's surface. Surface-area normalized rates of reaction 
show that nanoparticle properties like composition (e.g., doping), phase, and size strongly influence chemical 
reactivity. For example, surface-area normalized rates of reduction of ferrihydrite nanoparticles show that smaller 
particles are far more reactive than larger particles (4 nm particles react 16x faster than 6 nm particles). In addition, 
low levels of aluminum doping increases reactivity while doping at higher levels decreases reactivity. In addition, 
solid state properties like stacking faults, crystallite morphology, and surface structure strongly influence not only 
rates of reaction but also products of reaction. For example, recent results demonstrate a strong link between 
aqueous products (geometric isomers of the same complex, for example) of dissolution and stacking order in the 
solid dissolved. Finally, evaluating reactive surface area as opposed to accessible or total surface area will be 
discussed.  

 
COLL 371 Correlating surface reaction sites and dissolution rates for oxide glasses  
Nancy M. Washton1, Susan L. Brantley2, and Karl T. Mueller1. (1) Department of Chemistry, Penn State University, 
104 Chemistry Building, University Park, PA 16802, nam@chem.psu.edu, (2) Department of Geosciences, 
Pennsylvania State University  

No direct method exists for the measurement of reactive surface area on complex oxide materials, but we can 
approach such a measurement by chemically probing and counting specific reaction sites. Here we demonstrate that 
for a suite of aluminosilicate glasses the measured laboratory dissolution rate depends directly on the number of 
hydroxyl groups accessible for the attachment of a chlorosilane probe molecule. These chemically accessible 
hydroxyl groups are predominantly free from hydrogen bonding interactions with proximal hydroxyls, and therefore 
represent a locus susceptible to chemical attack. Acid mediated dissolution requires accessibility to the surface by 
hydronium ions, which may be hindered by an extensive intra-surface hydrogen bonding network. These new data 
allow insight into potential dissolution mechanisms by providing a chemically specific and quantifiable proxy for 
reactive surface area. We have analyzed the reactive hydroxyl number from a set of low surface area volcanic 
glasses originating in Iceland using solid-state nuclear magnetic resonance (NMR) spectroscopy. In contrast to 
traditional measurements of specific surface area, the NMR measurements directly report on the specific number of 
reactive species for these samples. A direct correlation between dissolution rate and number of reactive sites is 
observed. These data imply control of dissolution in these systems by the reactive hydroxyl species measured via 
the covalent attachment of a chlorosilane probe molecule, and that these sites are also accessible to attack by acidic 
media. This control appears independent of other compositional or morphological factors.  

 
COLL 372 Cesium, strontium and iodine incorporation and diffusion into zeolite-type phases during 
homogeneous nucleation at pH 13  
Sunkyung Choi1, Geoffrey Bowers2, Mary Kay Amistadi3, Karl T. Mueller4, Peggy A. O'Day1, and Jon Chorover3. (1) 
School of Natural Sciences, University of California, Merced, CA 95344, schoi@ucmerced.edu, (2) Department of 
Chemistry, Pennsylvania State University, (3) Department of Soil, Water and Environmental Science, University of 
Arizona, (4) Department of Chemistry, Penn State University  

Batch homogeneous nucleation experiments were conducted under various conditions to understand preferential 
nucleation and precipitation of secondary mineral phases from reaction of caustic waste associated with leaking 
tanks at Hanford, WA.  

We reacted colloidal Si with synthetic tank-waste leachate (high pH, high ionic strength) from 1d to 30 d with a 
combination of Cs+, Sr2+ and I- at room temperature and 60°C. Initial concentrations of contaminant Cs+, Sr2+ and I- 
were 10-5 to 10-3 mol kg-1. Silicon to aluminum ratio varied from 1 to 20.  

Solid precipitates were characterized by XRD, SEM/EDS, HRTEM, DRIFT, TG/DTA, BET, EXAFS and Si- or Al-
NMR. Results show that the types of product phases, including cancrinite and sodalite, depend on the Si to Al ratio. 
Temperature, initial concentrations of contaminants, and aging times also influenced the degree of nucleation and 
precipitation of product solids, as well as the extent of contaminant ion incorporation.  

 



COLL 373 Phase separation of iron oxyhydroxide and iron phosphate nanoparticles influence arsenic 
uptake  
Nita Sahai1, Young J. Lee2, Huifang Xu3, and Mark C. Ciardelli1. (1) Department of Geology & Geophysics, 
University of Wisconsin-Madison, 1215 West Dayton Street, Madison, WI 53706, sahai@geology.wisc.edu, (2) 
Geology and Geophysics, University of Wisconsin, (3) Department of Geology and Geophysics, University of 
Wisconsin  

We examined the effects of iron, phosphate, and pH on precipitation of iron nanophases and on uptake of As(III) and 
As(V). Fe is added as ferrous chloride and allowed to oxidize to Fe(III). As the ratio of initial total phosphate to total 
iron in solution (P/Fe) increases at pH 6, iron phases change from lepidocrocite to amorphous iron oxyhydroxide to a 
two-phase system where iron oxyhydroxide and iron phosphate co-exist and, finally, iron phosphate alone. At pH ~ 7 
and intermediate P/Fe values, only amorphous iron oxyhydroxide is obtained. In the ternary system, As(III) and 
As(V) uptake increases with P/Fe ratio at pH 6, and with increase in pH from 6-7 at high P/Fe ratio. Thus, 
contaminant sequestration strategies involving nanoparticle coprecipitation based on simplified experiments with a 
limited number of chemical components may not capture the complexity of natural environments, and require the 
development of more sophisticated experimental and modeling approaches.  

 
COLL 374 A surface science investigation of the Ni-catalyzed enantioselective hydrogenation of beta-
ketoesters  
Chris J Baddeley, Tim E Jones, and Aoife G Trant, EaStCHEM School of Chemistry, University of St Andrews, 
North Haugh, St Andrews KY16 9ST, United Kingdom, Fax: 44-1334-463808, cjb14@st-and.ac.uk  

The enantioselective hydrogenation of beta-ketoesters (e.g. methylacetoacetate, MAA) is one of very few examples 
of heterogeneous asymmetric catalysis. The key step in achieving enantioselectivity is the adsorption, from solution, 
of chiral molecules such as alpha-hydroxy acids (e.g. (R,R)-tartaric acid) or alpha-amino acids (e.g. (S)-glutamic 
acid). In order to achieve a detailed understanding of the modification process, we have carried out a systematic 
investigation of the adsorption of (R,R)-tartaric acid and (S)-glutamic acid on Ni{111}; 2-D Ni clusters on Au{111}-
(root3x22) and Au/Ni bimetallic surfaces using UHV-STM and RAIRS. In addition, using in situ PM-RAIRS, we 
demonstrate how modification temperature and solution pH influence the adsorption process. Finally, we report how 
the nature of the chirally modified Ni surface affects the subsequent adsorption (via vapor deposition in UHV or from 
solution) of the pro-chiral reagent, MAA. The implications for understanding the mechanism of the enantioselective 
heterogeneous reaction are discussed.  

 
COLL 375 Bestowing chirality on solid surfaces  
Zhen Ma1, Ilkeun Lee1, and Francisco Zaera2. (1) Department of Chemistry, University of California, (2) Department 
of Chemistry, University of California, Riverside, zaera@ucr.edu  

It has been shown that heterogeneous hydrogenation catalysts such as platinum and nickel can be made 
enantioselective by the use of molecular modifiers. Two mechanisms have been proposed for this based on the 
formation of one-to-one complexes between the modifier and the reactant and on the chiral templating of the surface 
via the formation of ordered adsorbate suprastructures. Both mechanisms have been explored in our laboratory 
using surface sensitive techniques. The adsorption of cinchona alkaloids from solution onto platinum surfaces, the 
prototypical example of the first, has been detailed using reflection-absorption infrared spectroscopy (RAIRS) in-situ 
at the liquid-solid interface. Parameters such as adsorption geometry, reversibility of adsorption, and the effect of 
gases and solvents were investigated. Correlations were identified between the catalytic performance of the 
cinchona modifiers and their adsorption properties, and between the latter and the structural parameters of those 
molecules. For the second mechanism, the templating of Pt(111) surfaces with chiral 2-butanol, 2-methylbutanoic 
acid, and 1-(1-naphthyl)ethylamine adsorbates has been probed under vacuum using enantiopure propylene oxide 
as a probe. Evidence for both one-to-one complexation and suprastructure ordering was obtained in the latter two 
cases. The relative importance of each mechanism in all these examples will be discussed.  

 
COLL 376 Enantiospecific chemistry on chirally templated surfaces  
Andrew Gellman, Nikunj Dangaria, and Ye Huang, Department of Chemical Engineering, Carnegie Mellon 
University, Pittsburgh, PA 15213, Fax: 412-268-7139, ag4b@andrew.cmu.edu  



Chirally templated surfaces are formed by the adsorption of chiral organic ligands onto metal surfaces. The surface 
chemistry of such ligands will be enantioselective, if the substrate surface is a naturally chiral high Miller index plane 
of the metal. If the substrate surface is an achiral, then the chemistry of the templated surface will be 
enantioselective when interacting with a chiral probe. The adsorption of R- or S-propylene oxide on the Pd(111) 
surface templated with R- or S-2-butanoxy groups has been shown to be enantiospecific. Studies of the adsorption 
of R- and S-propylene oxide have been conducted on the Cu(100) surface templated with R- and S-2-butanoxy 
groups. The adsorption on the Cu(100) surface does not reveal any enantiospecificity. The origin of the difference in 
behavior may lie in the differences in rigidity of the 2-butanoxy groups on the two surfaces.  

 
COLL 377 Investigation of 2D and 3D chirality at molecule/metal interfaces  
Bengt Jaeckel and BA. Parkinson, Department of Chemistry, Colorado State University, 200 West Lake Street, Fort 
Collins, CO 80523, Fax: 970-491-1801, bjaeckel@lamar.colostate.edu  

We report on photoelectron spectroscopy (X-rayPS / Ultraviolet PS), low energy electron diffraction (LEED), 
temperature programmed desorption (TPD) and scanning tunneling microscopy (STM) investigations of 2D chirality 
with large aromatic molecules deposited onto Au(111) surfaces. The influence of molecular dipoles and molecular 
shape on ordering and electronic properties will be reported. We are also preparing well ordered surfaces using 
molecules with 3D chirality such as binaphthols and investigating the selectivity of these surfaces towards chiral co-
adsorbates.  

 
COLL 378 pH responsive disodium bis (decyloxy) succinic acid chiral vesicles as encapsulants for 
levofloxacin  
B. Vijai Shankar and Archita Patnaik, Department of Chemistry, Indian Institute of Technology Madras, Chennai, 
600 036, India, Fax: 91-44-22574202, chemistvijai@rediffmail.com  

pH responsive disodium bis (decyloxy) succinic acid  

chiral vesicles as encapsulants for levofloxacin         

   

   

            The self-assembly of lipid bilayers is essential for generation of biological shapes and sizes on the molecular 
level.  Here we report the spontaneous formation of vesicles from an enantiomerically pure twin-tailed-twin-chiral 
amphiphile, disodium 2, 3 bis (decyloxy) succinic acid in aqueous solution. Spontaneous bilayer formation leading to 
vesicular structures of 5-10 mm suggested the processes to be a general physico-chemical phenomenon rather 
restricted only to bio-lipid molecules. Synthetic chiral vesicles are promising candidates to be used as enantio-
sensitive reagents in controlled and targeted drug release for chiral drug molecules.  Thus, the ability of the above 
mentioned vesicles to encapsulate and release the antimicrobial and anti-TB drug levofloxacin, as a function of pH is 
explored.  The effect of chirality of the host towards the drug and its encapsulation efficiency is discussed.  

   

 

   

   

 
COLL 379 Understanding 
enantioselectivity on single crystal 

http://oasys.acs.org/acs/232nm/coll/papers/viewimage.cgi?image=0&RecordType=Paper&Recordid=984827&Hash=2382edc8b2a9f26f9632713f9b0a49ca�
http://oasys.acs.org/acs/232nm/coll/papers/viewimage.cgi?image=1&RecordType=Paper&Recordid=984827&Hash=2382edc8b2a9f26f9632713f9b0a49ca�


surfaces in ultrahigh vacuum  
Wilfred T. Tysoe1, Luke A. Burkholder1, and Feng Gao2. (1) Department of Chemistry and Laboratory for Surface 
Studies, University of Wisconsin-Milwaukee, 3210 N. Cramer St., Milwaukee, WI 53211, Fax: 414-229-5036, 
wtt@uwm.edu, (2) Department of Chemistry and Laboratory for Surface Studies, UW-Milwaukee  

The enantioselectivity of model chirally modified single crystal surfaces is explored in ultrahigh vacuum (UHV). This 
allows the structure of the modifier to be determined in detail using a wide range of surface science strategies 
including reflection-absorption infrared spectroscopy (RAIRS) and low-energy electron diffraction (LEED). The 
enantioselectivity is measured in UHV by adsorbing chiral probe molecules such as R- or S-propylene oxide onto a 
chirally modified surface. This allows the enantioselectivity to be measured as a function of modifier coverage 
allowing detailed correlations to be made between the structure and coverage of a surface modifier and its resulting 
enantioselectivity. This approach is illustrated using simple chiral modifiers consisting of alcohols, carboxylic acids 
and aminoacids.  

 
COLL 380 First principles studies of chiral adsorption on metal surfaces  
David Sholl, Rees B. Rankin, Bhawna Bhatia, and Joanna James, Department of Chemical Engineering, Carnegie 
Mellon University, 5000 Forbes Ave., Pittsburgh, PA 15213, Fax: 412-268-7139, sholl@andrew.cmu.edu  

Density functional theory (DFT) calculations are a useful complement to experimental methods for understanding the 
chemisorption of molecules on well defined metal surfaces. We will present DFT calculations that have probed 
several aspects of chiral adsorption on metal surfaces. First, we discuss the structure of enantiopure and racemic 
alanine adlayers adsorbed on Cu(100) and Cu(110). A good deal is known about these adlayers, but several 
important features related to their chiral behavior have been clarified using DFT calculations. We have also used 
DFT to understand the structure of alanine on Cu(3,1,17), an intrinsically chiral surface. These calculations provide 
detailed information on the experimentally observed reconstruction of Cu(100) by adsorbed alanine that leads to 
creation of chiral facets of Cu(3,1,17). Second, we have used DFT to examine a range of small chiral molecules 
adsorbing on a range of intrinsically chiral Cu surface. The outcomes from these calculations allow several 
hypotheses regarding the enantiospecificity of chemisorption on these surfaces to be tested and give suggestions for 
selecting adsorbate/surface combinations that will have highly enantiospecific adsorption. Finally, we will discuss 
DFT calculations that examine chiral interactions between coadsorbed chiral species on flat metal surfaces as a step 
towards understanding chiral templating in these environments.  

 
COLL 381 Ion adsorption to the surfaces of liquid electrolytes: Beyond Langmuir and Onsager  
Richard J. Saykally, Department of Chemistry, University of California, Berkeley, CA 94720-1460, Fax: 510-642-
8369, saykally@berkeley.edu  

We have recently verified theoretically predicted surface enhancement for a number of small ions, including iodide, 
azide, thiocyanate and ferrocyanide, in a series of femtosecond UV second harmonic generation experiments, which 
demonstrated Langmuir adsorption behavior of the ions and yielded free energies of adsorption that were generally 
larger than predicted values.  

Following theoretical predictions that the hydronium ion is also enhanced at the liquid water surface, we have 
performed comparative studies of iodide adsorption in salts and acids that support this predicted enhancement.  

We have also verified the Jones-Ray Effect for alkali iodide and potassium ferrocyanide solutions by UV 
femtosecond SHG experiments, which reveal an initial surface enhancement, followed by a depletion at higher 
concentrations.  

 
COLL 382 Aqueous surface structure of water and organic monolayers on water  
Heather C. Allen, Department of Chemistry, The Ohio State University, 100 West 18th Avenue, Columbus, OH 
43210, Fax: 614-292-1685, allen@chemistry.ohio-state.edu  



Water is essential for life and yet its condensed phase structure is not well understood. At interfaces, water structure 
is also elusive, changing with the changing conditions and with addition of ions and soluble or slightly soluble neutral 
molecules. Surface water structure is discussed for aqueous solutions of salts and acids. In addition, organic 
monolayers are discussed with respect to head group solvation and tail group conformation.  

 
COLL 383 Impact of an alcohol on the depth profile of ion concentrations at the aqueous liquid - vapor 
interface  
Maria J. Krisch1, Matthew A. Brown1, John C Hemminger1, Raffaella D'Auria1, Karen M. Callahan1, Douglas J. 
Tobias1, Markus Ammann2, and Hendrik Bluhm3. (1) Department of Chemistry and AirUCI, University of California at 
Irvine, Irvine, CA 92697, mkrisch@uci.edu, (2) Laboratory of Radio and Environmental Chemistry, Paul Scherrer 
Institute, (3) Chemical Sciences Division, Lawrence Berkeley National Laboratory  

We compare the distribution of ions at the liquid - vapor interface of an aqueous potassium iodide solution in the 
presence and absence of 1-butanol. These experiments probe atomic composition at the liquid surface with ambient 
pressure x-ray photoelectron spectroscopy at the Advanced Light Source. Photoelectron kinetic energies are varied 
to produce a depth profile of the liquid - vapor interface. Surface enhancement of iodide anions, an effect observed 
in aqueous potassium iodide solution, disappears in the presence of 1-butanol. Results are compared to molecular 
dynamics simulations of the same system. Insight into ion behavior at mixed liquid surfaces is crucial for 
understanding the chemistry of atmospheric aerosols, which frequently contain mixtures of electrolytes and organics.  

 
COLL 384 Using metal ion NMR to study the aqueous environment around the Pf1 bacteriophage  
Matthew P. Augustine, D. N. Sobieski, and N. R. Krueger, Department of Chemistry, University of California, Davis, 
One Shields Avenue, Davis, CA 95616, Fax: 530-752-8995, augustin@chem.ucdavis.edu  

It is well known that polyelectrolyte solutes perturb the properties of nearby solvent molecules from their bulk values. 
Disruption of hydrogen bonding in and decreased dielectric constants for water are mediated by the electric potential 
created by the associated ion condensation layer on the surface of the charged polyelectrolyte. These effects can be 
monitored via the nuclear magnetic resonance (NMR) spectra of monovalent I = 3/2 ions like 23Na+, 39K+, 35Cl–, 
and 79Br–. Pf1 bacteriophage forms a nematic liquid crystalline phase for concentrations greater than 5 mg/mL. This 
results in incomplete spatial averaging of NMR spin Hamiltonians and recovery of distance information into the liquid 
state spectrum. Residual quadrupolar splitting and relaxation parameters of the I = 3/2 ions dissolved into Pf1/water 
solutions are used to probe polyelectrolyte properties. The implications of these measurements towards the 
disruption of hydrogen bonding in water will be mentioned.  

 
COLL 385 A combined droplet train/photoemission spectroscopy experiment for the investigation of 
heterogeneous reactions on liquid surfaces  
David E. Starr, Kevin R. Wilson, and Hendrik Bluhm, Chemical Sciences Division, Lawrence Berkeley National 
Laboratory, Mail Stop 6R2100, One Cyclotron Road, Berkeley, CA 94720  

The properties of liquid/vapor interfaces strongly influence the abundance and reactivity of trace gas molecules that 
are important for many heterogeneous processes in atmospheric and environmental chemistry. A direct 
measurement of the liquid/vapor interface under atmospherically and environmentally relevant conditions is difficult 
due to the lack of quantitative experimental techniques that are surface-sensitive, chemically specific and can 
operate at elevated pressures in the Torr range. Here we describe a novel experimental setup that is operating at 
beamline 11.0.2 at the Advanced Light Source in Berkeley. The instrument combines synchrotron-based ambient 
pressure photoemission spectroscopy (APPES, operating at pressures of more than 5 Torr) and a liquid droplet train 
produced by a vibrating orifice aerosol generator (VOAG). In a VOAG, droplets of uniform size (5-100 μm) are 
generated by forcing the liquid under investigation through a vibrating orifice. The short time (milliseconds) between 
the generation of the droplets at the vibrating orifice and their measurement in the spectrometer minimizes the level 
of contamination of the surface. Beam damage is kept at a minimum since each droplet is irradiated only for a few 
microseconds by the incident X-rays. In addition, the interaction time of the droplet surface with gas molecules can 
be varied over a range from about 1 to 20 ms, allowing for measurements of the reaction kinetics at liquid surfaces 
as a function of exposure time to a gaseous environment. Studies of the role of liquid surface species in the 



transport of gas molecules across the liquid/vapor interface, as well as studies of surface-mediated chemical 
reactions at the liquid/vapor interface are also possible.  

 
COLL 386 Effects of modifying functional groups on interfacial behavior of hybrid silicone polymers  
Somil C Mehta, NSF IUCR Center for Advanced Studies in Novel Surfactants, Langmuir Center for Colloid and 
Interfaces, Columbia University, Columbia University, 500W 120th street, # 911 Mudd, New York, NY 10027, Fax: 1-
212-854-8362, scm2108@columbia.edu, and P. Somasundaran, NSF IUCR Center for Advanced Studies in Novel 
Surfactants, Langmuir Center for Colloid and Interfaces  

Organic/Inorganic hybrid silicone polymers are increasingly used in cosmetics, inks & paints and fabric care 
applications due to their special Si – O bond characteristics. Though widely used, their utilization has mainly been 
empirical due to lack of fundamental knowledge. In most of the earlier studies the hydrophilic modification of 
silicones are based on non – ionic moieties. There is little information available about their ionic counterparts. The 
present work is focused on the effects of functionality on the conformation of chains at the air–water interface. It was 
observed that the shape of the chain depends on the available area at the interface and there are conformational 
changes with increase in molecules per unit area. Unlike poly(dimethylsiloxane), which undergoes stretched–helix 
transition, hydrophilically grafted chains may form loops. A gradation in hydrophilicity of modified silicones at air-
water interface is predicted based on the langmuir isotherm and correlation with the scaling theory.  

 
COLL 387 Effect of hydration on the ferrous ion distribution at reduced hematite (012) surface  
Jianwei Wang, Department of Geology, University of California at Davis, One Shields Avenue, Davis, CA 95616, 
jwwang@ucdavis.edu, and James Rustad, Department of Geology, University of California Davis  

Molecular modeling of Fe(II)/Fe(III) ion distributions at the reduced Fe2O3 (hematite)(012) under vacuum and 
hydrated conditions shows the Fe(II) ions prefer the surface region over the bulk and this preference is higher for the 
hydrated surface than for the dry surface. Utilizing an effective potential with polarizable oxygen anions, our results 
show systems with Fe(II) ions distributed at or near the surface region have lower potential energy for both dry and 
hydrated surfaces. Fe(II) ions distributed at the dry surface may migrate to the subsurface region upon surface 
hydration by electron transfer. Hydration energy of the reduced surface is about 0.7Kcal/mol and 1.3Kcal/mol lower 
than that of unreduced stoichiometric surface (-3.0 Kcal/mol) for Fe(II) ions distributed in the bulk-like environment 
and in the surface region respectively. The energetic preference of reduced Fe(II) ions in the surface region can be 
readily understood by electrostatic interaction between Fe(II) ion sites and the overall structure of the hematite (012) 
surface  

 
COLL 388 Ab initio Molecular Dynamics calculations of electrostatic potentials in water and inside water-
filled nanopores  
Kevin Leung, Sandia National Laboratories, MS 1415, Albuquerque, NM 87185, Fax: 505-844-1197, 
kleung@sandia.gov, and Martijn Marsman, Institut fuer Materialphysik, Universitat Wien  

Modeling electrolytes at water-material surfaces is crucial to understanding diverse phenomena in materials science, 
electrochemistry, geology, and biology. Accurate estimates of electrostatic potentials are also critical for predicting 
the permeation of ions inside inside water-filled nanopores. Ab initio Molecular Dynamics methods (AIMD), based on 
Density Functional Theory (DFT), accounts for the electronic properties and polarizability of materials, water 
molecules, and ions, and it may appear to be the method of choice for predicting accurate electrostatic potentials at 
material interfaces. In practice, applying DFT coupled with the use of periodic boundary conditions in a charged 
system leads to anomalous shifts in the potentials. In fact, different DFT packages may yield different results 
because of the way long range electrostatics are implemented. Using the projector augmented-wave (PAW) method 
and Wannier functions, we devise and apply corrections that yield unambiguous electrostatic potentials for AIMD in 
aqueous systems. The method will also be applied to ions in water-filled nanopores to examine the effect of 
confinement on ion permeation. ~  

 
COLL 389 The structure, amount adsorbed, and vibrational spectra of 7 - 14 amino acid peptides on 
hydrophobic and hydrophilic surfaces  



G. A Somorjai1, Roger L. York2, Ozzy Mermut2, and Diana C. Phillips3. (1) Department of Chemistry and Lawrence 
Berkeley National Laboratory, University of California, Berkeley, CA 94720, Fax: 510-643-9665, 
Somorjai@berkeley.edu, (2) Department of Chemistry and Lawrence Berkeley National Laboratory, University of 
California, Berkeley, (3) Department of Chemistry and Lawrence Berkeley National Laboratory, University of 
California Berkeley  

The adsorption properties of model peptides have been studied with Sum Frequency Generation (SFG) Vibrational 
Spectroscopy, Quartz Crystal Microbalance (QCM), and Atomic Force Microscopy (AFM) at the hydrophobic 
(polystyrene) and hydrophilic (silica) solid-water interface. The peptides contain hydrophobic (X) and charged (Y) 
amino acids with sequence: Ac-XYYXXYXXYYXXYX-NH2 or Ac-XYXYXYX-NH2 where the X and Y combinations 
are Leucine (L) and Lysine (K); Alanine (A) and Lysine (K); Alanine (A) and Arginine (R); and Phenylalanine (F) and 
Arginine (R). These isosequential peptides, LK, AR, FR, and AK, exhibit different adsorption behavior from each 
other which is attributed to their specific side-chains. Furthermore, each peptide adsorbs differently as a function of 
surface hydrophobicity and its chain-length. SFG spectra show that the surface- and peptide-dependent molecular 
orientation give rise to different macroscopic properties such as adsorbed mass (as monitored by QCM), and surface 
structure (monitored by SFG) and friction (as monitored by AFM).  

 
COLL 390 Polymer and protein structure at interfaces: Ion effects  
Paul S. Cremer1, Soon-Mi Lim1, and Xin Chen2. (1) Department of Chemistry, Texas A&M University, MS 3255, 
College Station, TX 77843, Fax: 979-845-7561, cremer@mail.chem.tamu.edu, (2) Chemistry Department, Texas 
A&M University  

This talk will discuss the use of infrared-visible sum frequency spectroscopy to probe interfacial structure at the 
air/aqueous and solid/aqueous interfaces. In particular, data on both macromolecular and water structure will be 
shown. Both of these can be dramatically affected by the nature of the ions that are present in solution. Our results 
indicate that many of these systems show clear Hofmeister trends. An explanation of this will be discussed.  

 
COLL 391 Protein and peptide structures at interfaces  
Zhan Chen, Department of Chemistry, University of Michigan, 930 North University Avenue, Ann Arbor, MI 48109, 
Fax: (734)-647-4865, zhanc@umich.edu  

Protein and peptide structures at interfaces play important roles in determining biocompatibility of biomaterials, 
controlling performance of anti-biofouling coatings, understanding antimicrobial peptide mechanisms, and elucidating 
membrane protein functions. Sum Frequency Generation (SFG) vibrational spectroscopy has been applied to 
investigate molecular structural information of various peptides and proteins at polymer/solution interfaces and in 
single supported lipid bilayers, supplemented by the attenuated total reflection Fourier transform infrared 
spectroscopy (ATR-FTIR). Orientational and conformational information of model alpha-helical and beta-sheet 
peptides, and several proteins at polymer/solution interfaces has been deduced using SFG amide I signals collected 
using different polarization combinations and polarized ATR-FTIR data. For the peptide-lipid bilayer interaction 
studies, single supported lipid bilayers with one hydrogenated leaflet and one deuterated leaflet were used. Detailed 
structural information of peptides and both lipid bilayer leaflets can be probed simultaneously by monitoring amide I, 
C-D stretching, and C-H stretching SFG signals during the interaction.  

 
COLL 392 DNA studied by sum frequency generation  
Franz M. Geiger1, Grace C. Yin1, Andrea B. Voges1, Faith C. Boman1, Julianne M. Gibbs1, Brian R. Stepp1, and 
SonBinh T. Nguyen2. (1) Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 
60208, geigerf@chem.northwestern.edu, (2) Department of Chemistry and the International Institute for 
Nanotechnology, Northwestern University  

Broadband vibrational sum frequency generation is used to study DNA single and double strands at glass surfaces 
between 3400 and 2600 cm-1. The experiments are carried out on glass microscope slides functionalized with a 
succinimide-terminated silane that is then reacted with a 3'-amine-terminated 5'–AAA AAA AAA AAA TTT–3' (15mer) 
oligonucleotide strand. Using single resonance SFG spectroscopy with various polarization combinations, the 



molecular chirality of the methine stretches along the deoxyribose backbone is probed. Implications for biodetection 
and the surface chemistry of biopolymers are discussed.  

 
COLL 393 The use of novel nanofabricated surface-enhanced Raman spectroscopy substrates as viral 
biosensors  
Saratchandra Shanmukh1, Stephen B. Chaney2, Les Jones3, Ralph A Tripp3, Yiping Zhao2, and Richard A. Dluhy1. 
(1) Department of Chemistry, University of Georgia, Athens, GA 30602, Fax: 706-542-9454, sarat@chem.uga.edu, 
dluhy@chem.uga.edu, (2) Department of Physics and Astronomy, University of Georgia, (3) Department of 
Infectious Diseases, University of Georgia  

There is a critical need for rapid and sensitive means of diagnosing infectious viral diseases that inflict significant 
disease burdens on human and animal health. The emergence of nanotechnology holds the promise of developing 
novel biosensors that will allow for the direct, rapid, and sensitive detection of infectious agents.  

Surface enhanced Raman spectroscopy (SERS) has earned a particular interest as a bioanalytical sensing method 
due to its ability to simultaneously provide extremely low detection limits as well as structural and quantitative 
information about the analytes. However, the ultimate analytical usefulness of SERS has been hampered by the lack 
of a robust, simple and reproducible procedure for preparing SERS-active substrates that give maximum Raman 
intensity enhancements.  

Recent research at the University of Georgia has demonstrated that a nanofabrication technique based on oblique 
angle vapor deposition (OAD) produces Ag nanorod substrates that exhibit extremely high SERS enhancement 
factors when compared to existing SERS substrate preparation techniques (1,2). Also, in comparison with existing 
nanofabrication methods, the OAD method offers several strategic advantages, including control of the size, shape, 
density, alignment, orientation and multilayer composition of the nanorod arrays, and implementation of the method 
using relatively simple procedures.  

The current talk will address the fundamental nanostructural design of metallic nanorod arrays and their influence on 
SERS enhancement, as well as the development of a biosensor immunoassay for virus detection, in particular, 
respiratory syncytial virus (RSV), based on these unique nanostructured SERS probes.  

(1) Chaney, S. B.; Shanmukh, S.; Zhao, Y.-P.; Dluhy, R. A. Appl. Phys. Lett. 2005, 87, 31908.  

(2) Y.-P. Zhao, S.B. Chaney, S. Shanmukh and R.A. Dluhy, J. Phys. Chem. B 2006, 110, 3153.  

 
COLL 394 Characterizing protein tertiary structure on surfaces  
Curtis W. Meuse1, John S. Vrettos1, Jack R. Smith2, Marcus T. Cicerone3, and Joseph B. Hubbard1. (1) Biochemical 
Science Division, National Institute of Standards and Technology, 100 Bureau Drive, Mail Stop 8312, Gaithersburg, 
MD 20899-8312, curtis.meuse@nist.gov, (2) Polymers Division, National Institute of Standards and Technology, (3) 
Polymers Division, NIST  

Comparisons of surface and solution based protein assay results are often difficult in the biopharmaceutical and 
biotechnology industries. Methods that are capable of measuring the stability of protein conformations and the 
integrity of protein-protein, protein-ligand and protein-surface interactions both in solution and on surfaces are 
needed to help clarify what is being measured and to allow the results to be compared. We are developing infrared 
spectroscopy methods for the characterization of the molecular conformations in monolayers and in solutions. In our 
first study, we employ internal reflection through thin gold films to permit the in situ observation of both the s- and p-
polarized spectra of octadecanethiol and protein monolayers. From this information, we are able to deduce the 
surface concentrations and the average orientations of the functional groups of the monolayers and proteins. We 
have also extended our analysis to reveal an order parameter describing the orientational variations of the functional 
groups from the average values. The development of these measurements and comparisons to molecular dynamics 
simulations will be presented. We are also investigating the application of infrared spectroscopy to measuring the 
extent of amide hydrogen/deuterium exchange of proteins in solution and on surfaces. We compare the results of 
these two different methods to determine if our order parameter is related to protein stabilities for albumin on 



different polymer surfaces and for cytochrome c interacting with lipid membranes of varying net-negative surface 
charge density.  

 
COLL 395 Phase behavior of phosphocholine + cholesterol binary mixtures in planar supported lipid 
bilayers investigated by sum-frequency vibrational spectroscopy  
Jin Liu and John C. Conboy, Department of Chemistry, University of Utah, 315 S. 1400 E. RM 2020, Salt Lake City, 
UT 84112, jin_liu@chem.utah.edu  

Cholesterol is one of the major components of cellular membranes, known to modulate the permeability, fluidity, and 
segregation of lipid constitutes. Cholesterol is also believed to be responsible for the formation of discreet lipid 
domains or rafts within cellular membranes. In this study, the phase behavior of 1,2-distearoyl-sn-glycetol-3-
phosphocholine (DSPC) and cholesterol binary mixtures in planar supported lipid bilayers (PSLBs) has been 
investigated by sum-frequency vibrational spectroscopy (SFVS). Specifically, the phase behavior of 
DSPC+cholesterol binary mixtures ranging from 0 to 60 mol% cholesterol as a function temperature will be 
discussed. The effect of cholesterol on the conformation of the alkyl chains of DSPC will also be presented. The 
SFVS results indicate that cholesterol significantly affects the symmetry of the bilayer with regards to gel-liquid 
crystalline phase segregation in the two leaflets of the membrane and significantly orders the alky chains of DSPC at 
all concentrations, as seen by a reduction in the gauche content in the lipids.  

 
COLL 396 Nanoscale study of heterogeneous brain architectures: Understanding disease mechanisms and 
devising novel therapeutics  
Anne M. Andrews, Department of Veterinary & Biomedical Sciences and Huck Instititues of the Life Sciences, 
Pennsylvania State University, 201 Life Science Building, University Park, PA 16802, ama11@psu.edu, Mitchell J. 
Shuster, Department of Physics, Pennsylvania State University, Amit U. Vaish, Huck Institutes of the Life Sciences, 
Pennsylvania State University, and Paul S. Weiss, Departments of Chemistry and Physics, Pennsylvania State 
University  

In order to investigate central nervous system interneuronal signaling at the length and time scales pertinent the to 
intrinsically encoded information, and to relate this information to complex behavior, brain disorders, and new 
treatments and prevention strategies, chemically specific in vivo sensors are required that approach the size of a 
synapse (ca. 20 nm) and that respond in milliseconds. We have developed methods to tether neurotransmitter 
molecules to highly optimized biospecific self-assembled monolayer surfaces. We have demonstrated that these 
surfaces selectively recognize large biomolecule binding partners, including antibodies and receptor proteins. We 
are using these neurotransmitter-functionalized surfaces to capture and identify high affinity molecular recognition 
elements, which we will couple to semiconductor nanowire or carbon nanotube platforms to create ultra small, 
multiplexed sensing devices having high sensitivity and fast response times. This has the potential to revolutionize in 
vivo sensing. A second overarching goal of this project is to interface multiplexed biospecific neurotransmitter-
functionalized surfaces to mass spectrometry for the detection, structural identification, and association of 
functionally related proteome subsets.  

 
COLL 397 Gentle nanoscale microscopy of single cells using dielectrophoretic forces  
Garth J. Simpson, Department of Chemistry, Purdue University, West Lafayette, IN 47907-1393, 
gsimpson@purdue.edu  

A new scanning probe microscopy approach utilizing AC electrokinetic forces allows for real-time non-contact 
functional imaging of live cells with nanometer-scale spatial resolution. Dielectrophoresis (DEP) describes the 
mobility of particles in radio-frequency AC electric fields and is related to the frequency-dependent electric 
polarizability. Similar to the forces in optical trapping, DEP interactions are greatest for large field gradients, such as 
those adjacent to highly curved electrodes. These forces have been integrated for the first time into a scanning 
probe microscope, allowing for ultra-high resolution dielectric characterization of bacterial and mammalian cells. This 
technique has allowed for the first measurements of the variation in DEP forces across a single bacterial cell. 
Changing the AC frequency can significantly change the magnitude (and even sign) of the DEP force, allowing for 
dielectric spectroscopy ranging over a decade in AC frequency in only 1/8 of a second. Spatio-temporal changes in 



the dielectric spectrum reveal location-dependent and/or time-dependent changes in membrane capacitance and 
charge mobility.  

 
COLL 398 Increased Schottky contact region in single wall carbon nanotube field effect transistor (SWNT-
FET) devices toward high performance biosensor  
Hee Cheul Choi and Hye Ryung Byon, Department of Chemistry, Pohang University of Science and Technology, 
San31, Hyoja-Dong, Nam-Gu, Pohang 790-784, South Korea, Fax: 82-54-279-3399, choihc@postech.edu  

A real-time, label-free and electrical detection of biological interaction is a core issue for early detection of disease as 
well as personalized healthcare programs. Electronic devices composed of quantum structures, such as carbon 
nanotubes, semiconductor nanowires or quantum crystals have great potential for these applications. Recently, FET 
devices with carbon nanotube or Si nanowire as active channels have been demonstrated as a biosensor for 
detection of protein-protein interactions. Such devices, especially carbon nanotube FETs have been suffered from 
low sensitivity (~ 10 to 100 nM). In this presentation, we show successful fabrication of highly sensitive single walled 
carbon nanotube-FET (SWNT-FET) devices as they reproducibly detect nonspecific protein adsorptions and specific 
protein-protein interactions at 1 pM concentrations. The detection limit has been improved 104-fold compared to the 
devices fabricated by conventional photolithography. The substantially increased sensitivity is mainly due to the 
increased Schottky contact area which accommodates relatively more numbers of proteins even at very low 
concentration. The augmented number of proteins adsorbed on a device induces instant modulation of the work 
function of metal contact electrodes, which eventually changes the conductance of the device. Such devices have 
been attained by addressing metal electrodes on network-type CVD grown SWNTs using a shadow mask on a tilted 
angle sample stage. The shadow mask allows metals to penetrate underneath the mask efficiently, therefore forming 
a thin and wide Schottky contact area on SWNT channels.  

 
COLL 399 Nanosensors and nanoprobes for molecular diagnostics, imaging, and ultra-high throughput 
screening  
Tuan Vo-Dinh, Fitzpatrick Institute for Photonics, Duke University, Durham, NC 27705-0281, 
tuan.vodinh@duke.edu  

We have developed a new generation of nanosensors and nanoprobes combining bio-recognition and 
nanotechnology for in vivo monitoring of biochemical processes in a living cell. This technique could provide 
unprecedented insights into intact cell function, allowing, for the first time, studies of molecular functions in the 
context of the functional cell architecture in an integrated system approach. This presentation describes two areas of 
research related to the development of nanoprobes and nanosensors for single-cell analysis and imaging: (1) 
plasmonics “molecular sentinel” nanoprobes using surface-enhanced Raman scattering (SERS) detection, and (2) 
nanosensors for in vivo analysis of a single cell for molecular diagnostics and imaging, and ultra-high throughput 
screening. These studies demonstrate the first applications of plasmonics nanoprobes for diagnostics such as HIV 
detection, and the use of nano-biosensors for measurements of molecular signaling pathways inside a single cell. 
These nanodevices could also be used to develop advanced biosensing and bioimaging systems in order to study in 
situ intracellular signaling processes and to study gene expression and molecular processes inside individual living 
cells. Such nanoprobes open new horizons to a host of applications in molecular imaging, biology research, medical 
diagnostics, ultra-high throughput screening, and investigations of the therapeutic action of pharmaceutical agents.  

 
COLL 400 Gold nanoparticle probes: A nanotechnology based platform for ultra-sensitive detection of 
protein and DNA biomarkers  
James Storhoff, Nanosphere Inc, 4088 Commercial Avenue, Northbrook, IL 60062, jstorhoff@nanosphere.us  

DNA and protein-based diagnostic assays are an important tool for clinicians because they provide improved 
methods for identifying genetic diseases, pathogens, disease-associated biomarkers, as well as determining an 
appropriate therapeutic regimen for patients. To meet future diagnostic testing demands, simpler and more rapid 
assays with improved sensitivity will be required. Nanosphere has developed DNA-modified gold nanoparticle probe 
technology to provide higher sensitivity and specificity detection of nucleic acid targets hybridized onto a substrate, 
enabling direct identification of SNPs without the use of PCR. Furthermore, this assay has been adapted to ultra-
sensitive protein detection by co-labeling gold nanoparticles with antibodies and DNA barcodes. Following magnetic 



bead capture and nanoparticle binding, the DNA barcodes are released and detected with DNA-modified gold 
nanoparticle probes as described, providing > 3 orders of magnitude improvement in detection sensitivity over 
current methods. The development of assays and instrumentation, as well as applications of this technology, will be 
described.  

 
COLL 401 SERS nanotags: A new optical detection modality for life science  
Michael J. Natan, Oxonica, Inc, 665 Clyde Ave., Suite A, Mountain View, CA 94043, michael.natan@oxonica.com  

A central conundrum in diagnostics is the development of detection tools that are capable of high-level multiplexing, 
high sensitivity, excellent quantitation, AND can be used both in the point-of-care and central laboratory (high-
throughput) settings. We have developed a series of nanoscale optical detection tags based on surface enhanced 
Raman scattering (SERS). These glass-coated, molecule-loaded gold nanoparticles are excited in the near-infrared, 
allowing detection in whole blood, and as many as a dozen different types can be simultaneously quantified using a 
handheld reader. The tags can also be detected in live animals using portable instrumentation. This presentation will 
highlight the basic properties of these novel nanomaterials, and will then describe our recently-developed 
multiplexed, quantitative lateral flow immunoassay (LFI) for Flu A, Flu B, and RSV. In all practical respects (time, 
sample volume, cartridge appearance, etc.), the assay is identical to typical rapid-test LFIs. However, in this case, 
the single test line contains all three capture Abs, and the readout involves a single beam interrogating a single spot. 
Preliminary, unoptimized results show LoDs by eye in the 30-50 ng/ml range for single antigens, a result better than 
can be obtained with commercially available kits. Using a portable reader and our proprietary analysis software, 
improved LoDs can be obtained for all three analytes simultaneously. Finally, we will highlight several additional 
applications under development.  

 
COLL 402 Solution-phase single molecule quantum dot fluorescence resonant energy transfer  
Hedi Mattoussi, Optical Sciences Division, Naval Research Laboratory, 4555 Overlook Avenue, SW, Washington, 
DC 20375, Fax: 202-404-8114, hedimat@ccs.nrl.navy.mil, Thomas Pons, Optical Sciences Division, Code 5611, US 
Naval Research Laboratory, Igor L. Medintz, Center for Bio/Molecular Science and Engineering, US Naval Research 
Laboratory, Xiang Wang, Department of Chemistry & Biochemistry, University of Maryland, and Douglas English, 
Department of Chemistry and Biochemistry, University of Maryland  

Due to their unique optical properties semiconductor CdSe-ZnS core-shell quantum dots (QDs) offer several 
advantages in fluorescence resonant energy transfer (FRET) applications. Here, we present a single particle FRET 
(spFRET) study of freely diffusing QD sensing assemblies, composed of self-assembled QDs donors and dye-
labeled protein acceptors. In particular, we show that while ensemble measurements yield average FRET efficiency 
and information on donor-acceptor separation distance, spFRET offers additional insights into the heterogeneity of 
FRET efficiency distributions. We first demonstrate that the self-assembly process leads to a Poisson distribution of 
the number of protein-dye per QD, and show that there is direct correlation between spFRET and ensemble 
measurements. We then apply spFRET to characterize a QD-bioreceptor sensor specific for the sugar maltose. Our 
data allow us to determine how the proportion of QDs bound to maltose varies with the maltose concentration and 
provide a binding constant that is consistent with ensemble measurements.  

 
COLL 403 Ultrasensitive magnetic resonance by mechanical detection  
Seppe Kuehn1, Steven A. Hickman1, Roger F. Loring2, and John A. Marohn1. (1) Department of Chemistry and 
Chemical Biology, Cornell University, 150 Baker Laboratory, Ithaca, NY 14853, sk288@cornell.edu, (2) Department 
of Chemistry and Chemical Biology, Cornell University  

Magnetic resonance force microscopy (MRFM) is a three-dimensional, subsurface imaging technique which detects 
sample spins via the deflection, or change in mechanical resonance frequency, of a magnet-tipped cantilever. 
MRFM combines the superior sensitivity of scanned probe microscopies with the chemical specificity of NMR. At 
single-nuclear-spin sensitivity, MRFM would have exciting biomedical applications, such as structure determination 
of single proteins. We have previously reported unprecedented sensitivity in nuclear MRFM, and are improving the 
sensitivity of our measurements by attacking two remaining challenges. We have explored the dominant source of 
noise in our measurement: non-contact friction between the magnetic tip and the sample. We have demonstrated, at 
room temperature that this non-contact friction can result from dielectric fluctuations within the sample. We are 



exploiting electron beam lithography to reduce the size of our magnetic tips from ten micrometers to 50 nanometers. 
Using these new tips, we project a sensitivity of 1000 protons.  

 
COLL 404 Melting in temperature sensitive colloidal suspensions  
Arjun G. Yodh, Department of Physics & Astronomy, University of Pennsylvania, 209 S. 33rd Street, DRL, 
Philadelphia, PA 19104, yodh@physics.upenn.edu  

Colloidal suspensions are fascinating soft materials that exhibit a wide range of structures and dynamics which 
derive from a unique interplay of physical, chemical and hydrodynamic mechanisms. Furthermore, the use of 
colloidal particles as ‘big' atoms continues to drive new understanding about atomic scale matter. In this talk I will 
review experiments [1-3] that employ temperature-sensitive polymers to induce novel phase behavior in suspension. 
The key ingredient for these studies is NIPA polymer (poly(N-isopropylacrylamide)). Typical experiments mix NIPA 
polymer or NIPA-polymer-based microgel particles into a suspension or gel, and then exploit the temperature-
sensitive solubility of the polymer to drive phase transitions. This scheme offers a fantastic new variable for control of 
lyotropic suspensions. Recent experiments, for example, have enabled us to directly observe premelting of three-
dimensional crystals near grain boundaries [1], to directly observe melting of lamellar phases into nematic phases 
[2], and to create novel lyotropic, carbon-nanotube based liquid crystalline gels [3].  

References  

1. Alsayed, A.M., Islam, M.F., Zhang, J., Collings, P.J., Yodh, A.G., Premelting at defects within bulk colloidal 
crystals. Science 309, 1112399 (2005).  

2. Alsayed, A.M., Dogic, Z., and Yodh, A.G., Melting of lamellar phases in temperature sensitive colloid-polymer 
suspensions. Physical Review Letters 93, 057801-1-057801-4 (2004).  

3. Islam, M.F., Alsayed, A.M., Dogic, Z., Zhang, J., Lubensky, T.C., and Yodh, A.G., Nematic nanotube gels. 
Physical Review Letters 92, 088303-1-088303-4 (2004).  

 
COLL 405 The Wenzel and Cassie theories revisited  
Lichao Gao and Thomas J. McCarthy, Department of Polymer Science and Engineering, University of 
Massachusetts, Amherst, 120 Governors Drive, Amherst, MA 01003, Fax: 413-577-1510, 
lichao@mail.pse.umass.edu, tmccarthy@polysci.umass.edu  

The Wenzel and Cassie equations have long been a part of surface science research and education. They make 
intuitive sense from a thermodynamic perspective. If a surface is rough, Wenzel taught us to modify Young's 
equation by a factor that accounts for the fact that the solid-vapor and solid-liquid interfacial areas increase with 
roughness, but the liquid-vapor interface remains smooth. If the surface is a composite of 2 or more materials, 
Cassie taught us that each component contributes to surface properties as a function of its area fraction. Both 
theories involve interfacial free energies that are a function of contact area. We have been taught to think in these 
terms, but will present convincing data that indicate our collective perspective is inaccurate. Previous work by us, 
Extrand, Bartell and Pease will be discussed as well and several new surfaces with explainable wettability behavior 
will be described.  

 
COLL 406 Spin-coupling in engineered atomic structures  
Andreas Heinrich, IBM Almaden Research Center, San Jose, CA 95120, heinrich@almaden.ibm.com  

Magnetic nanostructures are increasing data storage capacities and are promising candidates for implementations of 
novel spin-based computation techniques. The relative simplicity and reduced dimensionality of nanoscale magnetic 
structures such as molecular magnets also make them attractive model systems for studying the interactions 
between small numbers of quantum spins. Using a high-field low-temperature scanning tunneling microscope, we 
assembled linear chains of Mn atoms one atom at a time on thin, insulating layers of copper nitride. We probed the 
excitation spectra of the individual magnetically-coupled chains with inelastic electron tunneling spectroscopy. The 



spectra changed dramatically with both the parity and length of the chain and revealed a variety of spin excitations. 
These results provide direct evidence of antiferromagnetic coupling between the atomic spins on neighboring Mn 
atoms. A quantitative comparison with the Heisenberg open chain model allows us to measure the coupling strength 
~6meV between these atomic spins.  

 
COLL 407 Theory of single molecule motions induced by vibrational excitation with STM  
Hiromu Ueba, Department of Electronics, University of Toyama, Gofuku, Toyama, Japan, Fax: +81-76-445-6726, 
ueba@eng.u-toyama.ac.jp  

It is a theoretical challenge to study how the energy stored in a specific vibrational mode excited by tunnelling 
electrons is converted to overcome the potential barrier along the reaction coordinate (RC) associated with a single 
molecule motion on a surface. In addition to a process of vibrational ladder climbing by a direct excitation of the RC 
mode, I discuss the theoretical scenarios of single- and two-electron processes in which the excitation of high-
frequency modes in adsorbed molecules may result in motion of the molecules through the intermode coupling to the 
RC mode.  

 
COLL 408 Structure, dynamics, and spectroscopy of styrene molecules on Au(111)  
E. Charles H. Sykes, Ashleigh E. Baber, Stephen G. Jensen, and Erin V. Iski, Department of Chemistry, Tufts 
University, 62 Talbot Ave, Medford, MA 02155, Fax: 617-627-3443, charles.sykes@tufts.edu  

The ordering, dynamics, and spectroscopy of a variety of small molecules physisorbed on Au(111) have been 
studied using low-temperature scanning tunneling microscopy (STM). The weakly bound state of the molecules 
allows one to probe the intermolecular interactions that dominate ordering in such systems. Systematic temperature 
and coverage dependent studies reveal that the elbows of the herringbone reconstruction of Au(111) direct the initial 
adsorption of styrene, while the electronic state of the surface reconstruction dictates growth of the full monolayer. 
Time-lapse STM images reveal how individual molecules display preferential rotational orientation when interacting 
with one another in a variety of stable structures. These results are of interest as styrene is a widely used model 
alkene in the study of industrially important epoxidation reactions on Cu, Ag, and Au.  

Figure: 15 nm x 15 nm STM image of 0.9 ML of styrene on the herringbone reconstruction Au(111) at 7 Kelvin.  

 

 
COLL 409 Microscopy and spectroscopy on single molecules and molecular nanostructures  
Jose I. Pascual, Institut für Expermentalphysik, Freie Universität Berlin, Arnimallee 14, Berlin 14195, Germany, Fax: 
0049-30-8385-1355, pascual@physik.fu-berlin.de  

In this presentation we will show scanning tunnelling spectroscopy results on model molecular systems ranging from 
model fullerene cages to molecular conformational switches. In particular, we are interested in resolving the role of 
molecular orientation and conformation on their electronic and vibrational fingerprint. The role of the metal surface in 
the spectroscopic electronic transport fingerprint is investigated by studying several aromatic molecular architectures 
with a three dimensional structure. On noble metals these compounds are weakly absorbed, exposing their aromatic 
moieties to the formation of non-covalent intermolecular bonds mediated by their g states. We find that complex 
three dimensional supra-molecular structures are spontaneously formed, in which a fullerene cage is electronically 



decoupled from the metal surface. Tunnel spectroscopy of these complex molecular systems provide transport 
fingerprints of molecular systems weakly coupled with the metal electrode.  

 
COLL 410 Theory of control and characterization of matter on the atomic scale  
Mats Persson, Surface Science Research Centre/Dept of Chemistry, The University of Liverpool, Liverpool L69 
3BX, United Kingdom, mpersson@liv.ac.uk  

The fiction to control matter on the atomic scale is becoming a reality by the unique capabilities provided by the 
scanning tunnelling microscope (STM) to image, characterize and manipulate single atoms and molecules on 
surfaces. In this talk I will present some highlights of our on-going theoretical work carried out in collaboration with 
the experimental groups of W. Ho, UC Irvine and G. Meyer, IBM Zurich on manipulation and characterization of 
single atoms and molecules adsorbed on a metal surface by inelastic electron tunnelling in an STM junction. These 
highlights include single molecule vibrational spectroscopy and microscopy and chemistry, and charge state control 
of single adatoms adsorbed on thin insulating films supported by a metal substrate and characterization of electronic 
states of vacancies in such films. Our theoretical approach is based on density functional theory calculations of the 
electronic structure and a many body extension of Tersoff-Hamann theory to vibrational inelastic tunnelling.  

 
COLL 411 Dynamics of adsorbed molecules through vibratonal excitation using STM  
Tadahiro Komeda, Institute of Multidisciplinary Research for Advanced Materials�@(IMRAM), Tohoku University, 
2-1-1, Katahira, Aoba, Sendai, Japan, Fax: +81-22-217-5404, komeda@tagen.tohoku.ac.jp  

Vibration mediated motions of molecules adsorbed on metal surface with a scanning tunneling microscope (STM) at 
a cryogenic temperature are discussed. First we introduce a design of a compact STM system that can be operated 
at the temperatures below 10 K, in which the cooling of the STM head is achieved by the use of flow-type He 
refrigerator. Second the manipulation of the single molecule is demonstrated. We show bipheny-dicarboxylicacid 
(BDA) molecules adsorbed on Au(111) surface observed at 10 K. They form a chiral-derived ordered structure, and 
the manipulation of the networks is discussed. Also a cis-2-butene molecule adsorbed on a Pd(110) surface was 
studied in which rotational motion of the cis-2-butene molecule was induced by injecting tunneling electrons from the 
STM tip. Action spectra obtained from the rotational motions and inelastic electron tunneling spectroscopy revealed 
that certain modes of the vibrations are involved in the motion.  

 
COLL 412 Dynamics in single molecule surface photochemistry  
Shiwei Wu, Department of Physics, University of California, Irvine, 4129 Frederick Reines Hall, Irvine, CA 92697-
4575, Fax: 949-824-2174, shiweiw@uci.edu, and Wilson Ho, Department of Physics and Department of Chemistry, 
University of California, Irvine  

The study of optical phenomena at the atomic scale is expected to provide new understanding of molecules and 
their chemical dynamics. The combination of lasers with a low temperature scanning tunneling microscope (STM) 
has led to the observation of optically induced phenomena with sub-molecular spatial resolution for single molecules 
adsorbed on solid surfaces. These experiments lead to new opportunities by tapping into the unique properties of 
lasers and the STM.  

 
COLL 413 Photocatalytic production of H2 on Ni/NiO/KNbO3/CdS nanocomposites using visible light  
Jina Choi1, Su Young Ryu1, William Balcerski1, and Michael R. Hoffmann2. (1) Engineering and Applied Science, 
California Institute of Technology, 1200 East California Blvd., Pasadena, CA 91125, choi@caltech.edu, (2) 
Environmental Engineering Science, California Institute of Technology  

The efficient production of molecular hydrogen from the water on the surface of a complex Ni/NiO/KNbO3/CdS 
nanocomposite has been achieved with visible light irradiation (>400 nm). The relative low photocatalytic activity of 
CdS was enhanced by combining Q-sized CdS with KNbO3, Ni and NiO deposited on the KNbO3 surface. An 
unusual high quantum efficiency for H2 production obtained with the KNbO3/CdS composites may be due to effective 
charge separation of electrons and holes photo-generated in CdS with the visible light achieved by electron injection 



into the conduction band of KNbO3. In addition, reduced states of niobium (e.g., Nb(IV) and Nb(III)) appear to play a 
role in enhancing reactivity in the KNbO3 composites by providing alternative electron transfer pathways. In addition, 
the overall pathway to H2 also includes the photoreduction of Cd(II) to Cd(0) on surface of Q-CdS. Production rates 
are also enhanced in mixed water-alcohol solvents. Alcohols (methanol, ethanol, isopropanol, etc.) serve as 
alternative electron donors and they modified the near surface environment via electrical double layer compressionr 
which is correlated to the dielectric constant of the mixture.  

 

 
COLL 414 Thermodynamics of chromate binding to environmentally relevant surfaces: A nonlinear optical 
investigation  
Julianne Gibbs Davis, Amanda L. Mifflin, Karl A. Scheidt, and Franz M. Geiger, Department of Chemistry, 
Northwestern University, 2145 Sheridan Rd, Evanston, IL 60208, Fax: 847-491-7713, j-gibbs1@northwestern.edu  

Understanding interactions between organic matter and pollutants like hexavalent chromium is critical for predicting 
the fate of contaminants in the environment. With a modular synthetic approach, we have synthesized a library of 
environmental surfaces by functionalizing silica with various tailor-made organic moieties that are abundant in humic 
acids found in the soil. The thermodynamics of chromate binding to these surfaces has been determined by 
measuring adsorption isotherms in situ using resonantly enhanced second harmonic generation (RESHG) of 
chromate at the interface. The equilibrium constants for chromate binding to the different functionalities, including 
alkanes, acids, esters, a-hydroxy acids and unmodified silica, vary by a factor of 2.5, indicating that the composition 
of the soil can greatly affect the local residence time of chromate. Increasing our library of functionalized surfaces 
and measuring the adsorption equilibrium constants will improve models that predict the mobility of contaminants in 
different environments based on soil composition.  

 
COLL 415 Nanoscale geometric effect on molecular conformation: Sum-Frequency Generation 
spectroscopy of alkylthiols on Au nanoparticles  
Alexander V. Benderskii, Champika Weeraman, Achani Yatawara, and Andrey N. Bordenyuk, Department of 
Chemistry, Wayne State University, Detroit, MI 48202, Fax: 313-577-8822, alex@chem.wayne.edu  

Nanoparticulate surfaces with chemi- or physisorbed organic molecules are drawing increasing attention in 
environmental chemistry. Sum Frequency Generation (SFG) spectroscopy was used to study a model nanoscale 
system, focusing on the effect on geometry of molecular conformation of dodecanethiol ligand on gold nanoparticles 
of varying size. The SFG spectra were compared for 4 different particle diameters from 1.8 nm to 20 nm, and for the 
self-assembled monolayer (SAM) of dodecanethiol on a flat gold surface. By analyzing the SFG spectra of the CH3 
and CH2 groups, we observe the increase of the gauche-defects in alkyl chain of the ligand on a curved nanoparticle 
surface when the curvature radius approaches the size of the molecule (~1.6 nm). The results are understood in 
terms of the geometric packing effect, where the curvature of the surface results in the increase of the conical 
volume available for the alkyl tail. This research is supported by NSF CAREER grant #0449720.  

 
COLL 416 Alkanethiol monolayers on mild steel surfaces studied with sum frequency generation and 
electrochemistry  
Steven Baldelli, Casey R. Romero, Hongping Zhang, and Katherine Cimatu, Department of Chemistry, University of 
Houston, Houston, TX 77204, sbaldelli@uh.edu  

An n-alkanethiol, octadecanethiol (ODT), monolayer was successfully prepared onto oxide-free mild steel (MS) 
surface under cathodic polarization in a 0.1 M LiCl/CH3OH solution containing 1 mM ODT. Cyclic voltammetry (CV), 



electrochemical impedance (EIS) and sum frequency generation (SFG) spectroscopy were applied to study and 
characterize the adsorption of ODT at a MS surface. In 0.1 M LiCl/CH3OH solution containing 1 mM ODT, CV of the 
MS electrode shows a dramatic decrease in charging current and a positive shift in oxidation potential when 
compared to a solution without ODT. The interfacial capacitance was obtained as 2.52 ≤gF/cm2 from the impedance 
data. An average chain tilt angle of 48„a for the ODT molecules was deduced from the comparison of the interfacial 
capacitances of the ODT/MS and ODT/Au monolayers. X-ray photoelectron spectroscopy confirmed the formation of 
the ODT monolayer on mild steel. The ppp SFG spectrum of the ODT modified MS features three strong methyl 
vibrational modes at 2877, 2943 and 2967 cm-1, indicating the formation of the oriented and densely packed ODT 
monolayer. However, the appearance of the two weak CH2 group's vibrational modes at 2850 and 2914 cm-1 
implies the presence of defects in ODT monolayer. SFG microscopy is used to determine the distribution of defects 
on the sample. ODT/Au films were prepared to compare with the ODT/MS films. Orientation analysis of the air/solid 
interface suggest that the methyl group of ODT/Au films have a tilt angle of 30¢X, while the methyl group of ODT/MS 
films have a tilt angle of 23¢X. Water was found to have an impact on the shape of the SFG spectra of ODT/MS. It 
suggests that solution penetrated through the defects to reach mild steel surface.  

 
COLL 417 Nonlinear spectroscopy of aqueous interfaces  
Kenneth B. Eisenthal, Department of Chemistry, Columbia University, 3000 Broadway, Mail Code 3107, New York, 
NY 10027, eisenth@chem.columbia.edu  

Second harmonic and sum frequency studies of aqueous interfaces will be presented. Among the topics are 
nanoparticles in aqueous solution and the charging behavior of single crystal faces of TiO2(rutile) and Al2O3 
(corundum).  

 
COLL 418 Soft X-ray spectromicroscopy studies of environmental interfaces  
Gordon E. Brown Jr.1, Karim Benzerara2, Tae Hyun Yoon3, Juyoung Ha4, Carmen D. Cordova5, Alfred M. 
Spormann5, Guillaume Morin6, Georges Calas6, and Tolek Tyliszczak7. (1) Department of Geological & 
Environmental Sciences and Stanford Synchrotron Radiation Laboratory, Stanford University, 450 Serra Mall, Braun 
Hall, Bldg. 320, Stanford, CA 94305-2115, Fax: 650-725-2199, (2) Institut de Minéralogie et Physique des Milieux 
Condensés, University of Paris 6 -7, (3) Department of Chemistry, Hanyang University, (4) Department of Geological 
& Environmental Sciences, Stanford University, (5) Department of Civil and Environmental Engineering, Stanford 
University, (6) Institut de Minéralogie et Physique des Milieux Condensés, Universiy of Paris 6 -7, (7) Lawrence 
Berkeley National Laboratory  

Environmental interfaces are the locations of most chemical reactions occurring in the environment and commonly 
juxtapose minerals, aqueous solutions, microbial organisms, and/or organic matter (including black carbon and 
xenobiotic organics). Fundamental understanding of the chemical and biological processes occurring at such 
interfaces is limited because of their complexity and the need to study them at appropriate spatial scales under 
realistic environmental conditions. We have conducted a series of studies of various environmental interfaces using 
scanning transmission x-ray microscopy (STXM) aimed at defining reaction products and conditions in several 
natural and model systems. MES STXM beam station 11.0.2.2 at the Advanced Light Source, which is capable of 
25-30 nm spatial resolution over the energy range 75-2150 eV, was used for imaging and NEXAFS spectroscopy in 
the following interfacial systems: (1) aragonite-bacteria-EPS interfaces in a modern microbialite from Lake Van, 
Turkey, (2) Shewanella oneidensis MR-1-hematite interfaces in pH 7.4 solutions; (3) Gallionella-Fe(II) solution 
interfaces in an acid mine drainage (AMD) containing 350 mg/l of As(III) in Gard (Carnoulès), France, and (4) black 
carbon surfaces before and after interaction with polychlorinated biphenyls (PCBs). These studies have shown, 
respectively, that (1) the unusual morphology of microbialite aragonite crystals are due to crystal growth in a 
polysaccharide matrix; (2) differences in hematite particle size influence S. oneidensis cell activity and iron reduction 
rates; (3) Gallionella are capable of Fe(II) oxidation but not As(III) oxidation, resulting in the precipitation of tooeleite 
[Fe(III)6(AsO3)4(SO4)(OH)4•4H2O] in the Carnoulès AMD system; and (4) chemical heterogeneities in black carbon 
materials influence the sorption of hydrophobic organics like PCBs, which are found to adsorb preferentially to 
surface regions of black carbon with the highest content of aromatic functionalities.  

 
COLL 419 X-ray standing wave observation of cations and polynucleotides explains polyion adsorption to 
like-charged surfaces  



Michael J. Bedzyk, Joseph A. Libera, Hao Cheng, Kai Zhang, and Monica Olvera de la Cruz, Department of 
Materials Science and Engineering, Northwestern University, 2220 Campus Dr, Evanston, IL 60208, Fax: 847-467-
2269, bedzyk@northwestern.edu  

With relevence to chemical interactions of biopolymers in soil, we show an experimental approach for directly 
observing the condensation of polynucleotides and their electrolyte counterions at a liquid / solid interface. X-ray 
standing waves (XSW) generated by Bragg diffraction from a d = 20 nm Si/Mo multilayer substrate are used to 
measure the distinct distribution profiles of the polyanions and simple cations along the surface normal direction with 
sub-nanometer resolution. The 1D spatial sensitivity of this approach is enhanced by observing the XSW induced 
fluorescence modulations over multiple-orders of Bragg peaks. We study the interesting divalent cation driven 
adsorption of anionic polynucleotides to anionic surfaces by exposing a hydroxyl-terminated silica surface to an 
aqueous solution with ZnCl2 and mercurated poly-uridylic acid (a synthetic RNA molecule). The in situ long-period 
XSW measurements are used to follow the evolution of both the Zn and Hg distribution profiles during the adsorption 
process. The conditions and physical mechanisms that govern the observed divalent cation adsorption and 
subsequent polynucleotide adsorption to an anionic surface are explained by a thermodynamic model that 
incorporates non-linear electrostatic effects.  

 
COLL 420 Structure of the iron-oxide aqueous solution interface via coupled surface X-ray diffraction and 
density functional theory  
Thomas P. Trainor1, Peter Eng2, Anne M. Chaka3, Gordon E. Brown Jr.4, Kunaljeet Tanwar1, Sarah C. Petitto1, 
Cynthia S. Lo5, Sanjit K. Ghose2, and Glenn A. Waychunas6. (1) Department of Chemistry and Biochemistry, 
University of Alaska Fairbanks, PO Box 756160, Fairbanks, AK 99775-6160, Fax: 907-474-5640, (2) GSECARS, 
Consortium for Advanced Radiation Sources, University of Chicago, (3) Physical and Chemical Properties Division, 
National Institute of Standards and Technology, (4) Department of Geological and Environmental Sciences, Stanford 
Synchrotron Radiation Laboratory, (5) Chemical Science and Technology Laboratory, National Institute of Standards 
and Technology, (6) Earth Sciences Division, Lawrence Berkeley National Laboratory  

Chemical processes occurring at the mineral-water interface play a dominant role in dictating the fate and speciation 
of trace chemical constituents in aquatic environments. Despite the importance of these systems a detailed 
understanding of the molecular scale factors that control interface reactivity is lacking, due in large part to the 
difficulty in studying heterogeneous systems under realistic environmental conditions. Establishing results on 
mineral-water interface structure, and structural modifications that result from changes in aqueous composition, is 
critical to furthering the development of a structure based understanding of environmental interface systems and 
improving both conceptual and quantitative models of environmental chemical pathways. We will present an 
overview of our recent work focused on determining the structure of low index faces of common iron-(hydr)oxide 
phases (hematite, goethite and magnetite) utilizing synchrotron based surface x-ray diffraction and spectroscopy. 
Specifically, we will discuss (i) the influence of water on the resulting surface structures, (ii) the surface modification 
of hematite due to reaction with aqueous Fe(II), and (iii) the resulting changes in surface reactivity with respect to 
aqueous Pb(II) adsorption. The experimental models will be compared with the results of periodic density functional 
theory and ab initio thermodynamic calculations to provide a detailed interpretation of the energetics of the systems 
under investigation.  

 
COLL 421 Glutamate intercalation/adsorption on layer double hydroxide: A 13C MAS and 1H T1 relaxation 
investigation of the organic-inorganic interface  
Marc X. Reinholdt, Department of Geology, University of Illinois, 1301 West Green Street, Urbana, IL 61801, Fax: 
418-656-5993, marc.reinholdt.1@ulaval.ca, Panakkattu K. Babu, Dept of Chemistry, University of Illinois, and R. 
James Kirkpatrick, Department of Geology and NSF WaterCAMPwS, University of Illinois at Urbana-Champaign  

The interaction of biomolecules with mineral surfaces is of significant environmental interest but is poorly understood 
on the molecular scale. This work explores the behavior of glutamate (GA) adsorbed on and between the double 
hydroxide layers of hydrotalcite (HT) [(Mg2Al)(OH)6A-,nH2O]. Intercalation/sorption was performed during HT 
precipitation from aqueous solution at initial pH values from 9 to 12. 13C MAS NMR of samples containing 13C-
enriched GA yields GA-1/GA-2 ratios significantly greater than in solution, demonstrating preferential adsorption of 
GA-1. At pH 11 this ratio is 0.45, an order of magnitude higher than in solution. The relative humidity dependence of 
the 1H T1 relaxation rates for samples containing different organic or inorganic anions reveals the existence of two 



separate spin systems: fast relaxing protons of the OH-groups of the metal hydroxide layers and slower relaxing 
interlayer protons of water and organic species.  

 
COLL 422 Local environment in defect iron soil minerals and ion sorption on iron oxyhydroxides studied by 
solid-state NMR spectroscopy  
Ulla Gro Nielsen1, Juraj Majzlan2, Jongsik Kim1, Keinia Julmis1, Darrin Clinton1, and Clare P. Grey1. (1) Department 
of Chemistry, SUNY Stony Brook, Stony Brook, NY 11794-3400, unielsen@notes.cc.sunysb.edu, (2) Institute for 
Mineralogy and Geochemistry, Albert-Ludwigs University of Freiburg  

Iron minerals are some of the most important soil minerals for sorption and immobilization of pollutants. 
Characterization of the pollutant-mineral interactions at the molecular level in these often complex and highly 
disordered systems is needed in order to determine the binding sites and the nature of binding. Solid-state NMR 
(SSNMR) spectroscopy is an ideal method to probe these interactions, but iron minerals are often considered 
unsuitable for SSNMR studies due to the magnetic properties of iron. We have demonstrated that SSNMR is 
feasible for paramagnetic minerals and results from studies of iron oxyhydroxides and jarosite will be presented. Ion 
sorption on the oxyhydroxides has been investigated as a function of concentration and pH. Furthermore, possible 
methods for SSNMR studies of arsenic sorption and uptake, despite the unfavorable NMR properties of the only As 
isotope (75As), and strategies for translation of NMR data to structural information will be outlined.  

 
COLL 423 Conglomerate crystallization in the presence of chiral impurities  
Dilip K Kondepudi and Kenneth Crook, Chemistry, Wake Forest University, Salem Hall, Winston-Salem, NC 27109, 
dilip@wfu.edu  

The enantiomers of compounds that crystallize as conglomerates crystallize at different rates in the presence of an 
appropriate chiral impurity. During this process, the optical activity of the solution and the solid phase increases and 
then falls to zero. This transient optical activity happens on a time in the range 15-20 minutes. We present a general 
theory to describe this process. Our formulation is founded on basic theories of nucleation, crystal growth and 
Langmuir adsorption. A computer code based on this theory is capable of describing both the time-evolution of a 
single run of crystallization and the stochastic behavior observed in many crystallization runs; it also gives the crystal 
size distribution.  

 
COLL 424 Epitaxial electrodeposition of chiral metal oxide films  
Jay A. Switzer, Department of Chemistry, University of Missouri-Rolla, 103 Materials Research Center, Rolla, MO 
65409-1170, Fax: 573-341-2071, jswitzer@umr.edu  

Chirality is ubiquitous in Nature. One enantiomer of a molecule is often physiologically active, while the other 
enantiomer may be either inactive or toxic. Chiral surfaces offer the possibility of developing heterogeneous 
enantiospecific catalysts that can more readily be separated from the products and reused. Chiral surfaces might 
also serve as electrochemical sensors for chiral molecules. Our approach to produce chiral surfaces is to 
electrodeposit low symmetry metal oxide films with chiral orientations on achiral substrates (Nature 425, 490, 2003). 
The relationship between three-dimensional and two-dimensional chirality will be discussed. We have deposited 
chiral orientations of achiral CuO onto single-crystal Au and Cu using both tartaric acid and the amino acids alanine 
and valine to control the handedness of the electrodeposited films. We will present results on enhancement of chiral 
recognition by chiral etching. Initial work on the electrochemical biomineralization of chiral nanostructures of calcite 
will also be discussed.  

 
COLL 425 Chiral self-dimerization of V Schiff-base catalysts for highly enantioselective oxidative coupling of 
2-naphthol  
Mizuki Tada and Yasuhiro Iwasawa, Department of Chemistry, Graduate School of Science, The University of 
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan, Fax: 81-3-5841-4364, mtada@chem.s.u-tokyo.ac.jp  



We found the chiral self-dimerization of vanadium Schiff-base monomers on a silica surface for the first time. The 
novel structures of the silica-supported V catalysts were characterized by means of IR, DR-UV/VIS, XPS, ESR, 
XAFS, and DFT calculations. A selective reaction with surface silanol groups with the V Schiff-base monomers 
produced new hydrogen bonding between two V complexes and a chiral V dimer was automatically created on the 
surface. Novel chiral space with chiral V centers and chiral ligands was created, which was modeled by DFT 
calculations. The silica-supported chiral self-dimerized V-dimer catalysts exhibited 100% selectivity for BINOL and 
90% ee for the asymmetric oxidative coupling of 2-naphthol, while homogeneous V-monomer precursors were 
inactive. This is the first heterogeneous catalyst for the coupling reaction and the 90% ee is the highest enantio 
excess. The supported V-dimer catalyst could reuse without any loss of catalytic activity and enantioselectivity. The 
chiral self-dimerization is a powerful tool to create highly enantioselective reaction sites on oxide surfaces.  

 
COLL 426 Heterogeneous enantioselective cyclopropanation reactions on copper-planted mesoporous 
silica catalyst  
Haruro Ishitani and Masakazu Iwamoto, Chemical Resources Laboratory, Tokyo Institute of Technology, 4259 
Nagatsuta, Midori-ku, Yokohama 226-8503, Japan, Fax: +81-45-924-5228, hishitani@res.titech.ac.jp  

Enantioselective reaction on chiral heterogeneous catalysts is one of the most important topics in recent chemistry. 
We herein report enantioselective cyclopropanation of olefins with diazoester using copper-planted mesoporous 
silica (Cu-MCM-41) as a solid catalyst. The enantioselectivity was strongly depended on the structure of chiral ligand 
added to build chiral catalyst on the surface of Cu-MCM-41, and bisoxazoline-type ligand bearing t-butyl group gave 
good enantioselectivity (70% ee). It was also found that leaching of active species into the solution did not take 
place, and the catalyst was reusable for 5 times without any loss of catalytic activity. The results clearly showed that 
stable chiral catalyst could be generated from Cu-MCM-41 and bisoxazoline-type ligand.  

 

 
COLL 427 Enantioselective switch on cinchona-modified Pt triggered by a conformational change  
Norberto Bonalumi, Angelo Vargas, Davide Ferri, Tamas Mallat, and Alfons Baiker, Department of Chemistry and 
Applied Biosciences, ETH Zurich, Institute for Chemical and Bioengineering, HCI, Zurich 8093, Switzerland, 
davide.ferri@chem.ethz.ch  

O-phenyl-cinchonidines differently substituted at the phenyl ring exhibit intriguing enantioselective switching 
properties in the enantioselective hydrogenation of activated ketones on chirally modified Pt/Al2O3. Catalytic data 
show that O-phenyl-cinchonidine (PhOCD) affords the opposite enantiomer (S) to cinchonidine (R) and that 
substitution on the phenyl ring by two CF3 groups (CF3PhOCD) produces again the R enantiomer. ATR-IR 
spectroscopic data and DFT calculations suggest that the quinoline ring anchors the modifiers to the surface and 
that the quinuclidine moiety moves towards or away from the surface according to the affinity of the O-substituent (H 
or substituted phenyl ring) for the metal thus changing the shape of the chiral pocket. The opposite enantioselectivity 
of CF3PhOCD compared to PhOCD is determined by the repulsion between the substituted phenyl ring and the 
surface. This movement suggests the activation and deactivation of specific adsorbed species thus determining 
which enantiomer will be produced in excess.  

 
COLL 428 Heterogeneously-catalyzed asymmetric hydrogenation of C=C bonds  
R. M. Lambert, A I McIntosh, D J Watson, and J W Burton, Department of Chemistry, Cambridge University, 
Lensfield Road, Cambridge CB2 1EW, United Kingdom, rml1@cam.ac.uk  

The proline-directed, Pd-catalyzed enantioselective hydrogenation of isophorone in the liquid state has been studied 
by variety of methods. The results unambiguously reveal the true reaction pathway and demonstrate that earlier 
mechanistic hypotheses are wrong: although a proline/isophorone condensation product is formed, it is merely a 



spectator and not a key reaction intermediate in subsequent heterogeneous hydrogenation. Enantioselectivity is the 
result of kinetic resolution—a process that occurs homogeneously in solution and not at the metal surface. Racemic 
3,3,5-trimethylcyclohexanone (TMCH) is produced by initial heterogeneous hydrogenation of isophorone; proline 
then reacts homogeneously, preferentially with one enantiomer of TMCH, leaving an excess of the other. Thus in 
complete contrast to the case of ketoester asymmetric hydrogenation, the metal surface is not involved in the crucial 
enantio-differentiation step. The mechanism we propose also explains why the maximum attainable yield of 
enantiopure TMCH cannot exceed 50%.  

 
COLL 429 Equilibrium structures of water at well-defined organic surfaces  
David L. Allara1, Thomas Boland2, Matthew Dixon3, and Maria Fortunato3. (1) Department of Chemistry and The 
Materials Research Institute, The Pennsylvania State University, 104 Chemistry Building, University Park, PA 16802, 
dla3@psu.edu, (2) Department of Bioengineering, Clemson University, (3) Department of Chemistry, Pennsylvania 
State University  

We report combined in-situ infrared vibrational spectroscopic and coverage measurements, from submonolayer to 
near condensation, of equilibrium water adsorption at well-defined organic surfaces synthesized by molecular self-
assembly. The adsorption isotherm data were used to develop thermodyamic parameters of the adsorbed films while 
the IR data give information on the water structures. The IR spectra were interpreted quantitatively by using 
modeling based on electromagnetic theory and the known optical function spectra of various phases of water. The 
results reveal a range of water structures from ice-like to clathrate-like and liquid-like depending on the water 
chemical potential, the chemical functionality of the surface and on the presence of dilute inorganic salts dissolved in 
the near water films. In the case of hydrophobic methyl-terminated surfaces, the water adopts a liquid-like structure 
from submonolayer to near-condensation coverages, contradicting views in which water is ordered at hydrophobic 
surfaces. In contrast, for polar surfaces such as CO2H, the water adopts a strongly H-bonded structure up to the 
condensation point. The incorporation of dissolved salts at the interfaces serves to broaden the range of water 
structures observed.  

 
COLL 430 Simulations of water at the interface with self-assembled monolayers  
Mark J. Stevens1, Gary S. Grest1, Mike Chandross1, Ahmed E. Ismail1, and Christian D. Lorenz2. (1) Sandia 
National Laboratories, P.O. Box 5800, MS 1411, Albuquerque, NM 87185-1411, Fax: 505-284-1323, 
msteve@sandia.gov, (2) Department of Physics and Astronomy, Ames Laboratory and Iowa State University  

Self-assembled monolayers (SAMs) are a special molecular system for controlling and studying interfaces. The 
terminal groups of the SAM molecule can be modified and the effects of the different chemical interactions can be 
studied. We have performed molecular dynamics simulations of a variety of SAMs examining the water structure and 
dynamics at the interface between bulk water and each SAM. In particular, monolayers monolayers of oligo ethylene 
glycol terminated alkanes and nylon have been studied. The main focus is how the hydrogen bonding is influenced 
by the presence of the SAM interface. This includes a geometric effect of the hydrogen bond orientation and density 
at the terminal end of the monolayer and a chemical effect due to different hydrogen bonding groups in the SAM. 
Calculations of the density profile of water at the interface give a first order measure of the degree of perturbation of 
the water structure at the interface. More detailed geometric analysis of the hydrogen bonding network at the 
interface will also be presented. The effect of the interface on water diffusion will also be discussed.  

 
COLL 431 pH-dependence of molecular structure and thickness of interfacial water layers at silica using the 
emersion approach  
Piotr Macech and Jeanne E. Pemberton, Department of Chemistry, University of Arizona, 1306 East University 
Boulevard, Tucson, AZ 85721, Fax: 520-621-8248, piotr@email.arizona.edu  

A new paradigm for the investigation of interfacial molecular structure is being developed in this laboratory that 
involves the physical separation of an interface from bulk solution at the shear plane through emersion from solution. 
The emersion geometry has been successfully coupled with ellipsometry and surface vibrational spectroscopies to 
enable emersed layer thickness and interfacial molecular structure to be deduced. This approach has now been 
successfully extended to silica surfaces using ultrathin silica films immobilized on gold substrates. In this report, 
studies of interfacial water layers at silica surfaces as a function of pH will be described. These interfaces have been 



characterized using photoelastic modulation-Fourier transform infrared reflection-absorption spectroscopy (PM-
IRRAS) and ellipsometry in an emersion configuration. The results from these studies will be discussed in terms of 
the pH-dependence of the interfacial structure and hydrodynamics and the consequences of these attributes in a 
variety of applications areas.  

 
COLL 432 Water adsorption on α-Fe2O3 (0001) and TiO2 (110) at near-ambient conditions  
Susumu Yamamoto1, Guido Ketteler2, Tom Kendelewicz3, Hendrik Bluhm4, David E. Starr4, Klas Andersson1, 
Hirohito Ogasawara1, Miquel Salmeron2, Gordon E. Brown Jr.5, and Anders Nilsson1. (1) Stanford Synchrotron 
Radiation Laboratory, 2575 Sand Hill Road, Menlo Park, CA 94025, Fax: 650-926-4100, 
susumu@slac.stanford.edu, (2) Materials Sciences Division, Lawrence Berkeley National Laboratory, (3) 
Department of Geological & Environmental Sciences, Stanford University, (4) Chemical Sciences Division, Lawrence 
Berkeley National Laboratory, (5) Department of Geological & Environmental Sciences and Stanford Synchrotron 
Radiation Laboratory, Stanford University  

Despite the importance of water-oxide interfaces in chemical, biological and environmental sciences, the adsorbed 
states of water on oxide surfaces in equilibrium with its vapor are poorly understood. Here we have utilized Ambient 
Pressure Photoemission Spectroscopy to clarify the hydroxylation and water adsorption on α-Fe2O3 (0001) and TiO2 
(110) surfaces at near-ambient conditions (relative humidity (RH) ≤ 25 %). On α-Fe2O3 (0001), the hydroxylation 
proceeds slowly at low relative humidities (10-8~10-3 %). Above ~10-3 % RH, when molecular water appears on the 
surface, its rate increases steeply. In contrast, on TiO2 (110), the coverage of OH saturates already at <10-7 % RH, 
and the onset of water adsorption occurs at much lower RHs (~10-6 %) than on α-Fe2O3 (0001). By comparing the 
different hydroxylation/hydration behaviors on these two oxides, we will discuss the important role of surface 
hydroxyl species for the adsorption of water (wetting) on oxides.  

 
COLL 433 The role of interfacial water in the tribochemical wear of mica and etching of GaAs surfaces  
James D. Batteas, Department of Chemistry, Texas A&M University, P.O. Box 30012, College Station, TX 77842, 
Fax: 979-845-4719  

Interfacial water plays a critical role in the tribological properties of many surfaces. For example, OH- in solution 
catalyzes M-O bond breaking in oxides. The introduction of a high pressure nanoscopic contact readily accelerates 
this process by inducing additional bond strain within the contact allowing the local pressure and catalytic reaction to 
work in concert to enhance wear. By controlling the combination of load and solution environment, defect nucleation 
and wear can be followed directly using AFM. Here we will discuss the interactions of mica and GaAs surfaces with 
water, where the wear of mica as well as the etching of GaAs surfaces in aqueous environments has been 
investigated by studies of topography, friction and adhesion data under controlled solution and imaging conditions. 
The ability to control these processes can also afford a means to pattern oxide and semiconducting surfaces.  

 
COLL 434 Properties of water layer adsorbed on silicon oxide - expected and unexpected  
Seong H. Kim, Department of Chemical Engineering, Pennsylvania State University, 118 B Fenske Laboratory, 
University Park, PA 16802, shkim@engr.psu.edu, and David B. Asay, Department of Chemical Engineering, The 
Pennsylvania State University  

Water and other small organic molecules have the propensity to adsorb onto solid substances with high surface 
energies and change interfacial properties. In the case of organic molecules, such as alcohols, the adhesion and 
friction forces of the silicon oxide nanoasperity contact decreases as alcohol adsorbs onto oxide surfaces. However, 
the effects of water adsorption on the adhesion and friction of hydrophilic surfaces such as silicon oxide or mica are 
quite different and complicated. This paper elucidates the effects of the surface chemistry on the thickness and 
molecular configuration the adsorbed water layer nad how these alters the adhesion and friction responses of nano-
asperity contacts.  

 



COLL 435 Interfacial water structure and dynamics probed with chemical force microscopy  
Paul D Ashby, Molecular Foundry, Lawrence Berkeley National Lab, 1 Cyclotron Rd, Berkeley, CA 94720, 
pdashby@lbl.gov  

Understanding the structure and energetics of water structure at interfaces is important for many applications 
including self-assembly of nanostructures, protein folding, tribology, and catalysis. Two novel methods for 
investigating interfacial water structure with the Atomic Force Microscope will be presented. First, Brownian Force 
Profile Reconstruction harnesses the thermal motion of the cantilever to accurately and precisely reconstruct 
equilibrium force profiles. Experiments between solvated hydroxyl terminated self-assembled monolayers revealed 
highly oriented water structure which decayed into the bulk within three molecular layers. Second, Tapping Mode 
Force Profile Reconstruction computes the forces experienced by the advancing and receding tip surface during 
high frequency oscillation. Investigation of solvated hydrophilic surfaces revealed slow reordering dynamics in 
electrostatic doubles layers and fast reordering for less long range interactions.  

 
COLL 436 Nanografting and lateral force microscopy applied to the differential study of hydroxyl-terminated 
self assembled monolayers on au(111)  
Matteo Castronovo1, Fouzia Bano2, Denis Scaini1, Martina Dell'Angela1, Robert Hudej2, Loredana Casalis3, and G. 
Scoles4. (1) Physics Department, University of Trieste, P. Europa 1, I-34127 Trieste, Italy, castronovo@tasc.infm.it, 
(2) International School for Advanced Studies (SISSA), (3) Sincrotrone Trieste, SS 14 Km. 163,5, Basovizza, I-
34012 Trieste, Italy, loredana.casalis@elettra.trieste.it, (4) Princeton University and SISSA (Trieste, Italy)  

Exchanges of matter, energy and information between living cells and the external medium necessarily take place 
through the membranes, whose structure plays therefore a decisive role. As a membrane model system, we focused 
on self assembled monolayers (SAMs) of hydroxyl terminated alkylthiols, which, like membranes, consist of 
hydrophobic chains and polar head groups. In particular we have used AFM (atomic force microscopy) to investigate 
the mechanical properties of HS-(CH2)11-OH (C11OH) SAMs on Au(111) films in different solvents (water and 2-
butanol), as a function of the applied load. Inside the C11OH SAM nanopatches of methyl terminated molecules 
[HS-(CH2)17-CH3 (C18)] in the 100 nm size range were produced as reference by nanografting (an AFM based 
nanofabrication technique), to correlate the compressibility of the SAM to the conformational structure of the film, 
through relative height measurements.We found that the mechanical resistance of the C11OH SAM to the AFM tip 
penetration in the low load regime (forces below 10 nN) is greatly enhanced when operating in water as opposed to 
2-butanol. Our interpretation is that in 2-butanol the polar hydroxyl head groups of the hydroxyl-terminated SAM form 
an hydrogen bonding network that lead disordering of the monolayer because of the incommensurability between 
the interacting dipoles distances and the size of the aliphatic chains. This is in contrast to the situation in the 
presence of water due to the fact that water molecules can mediate the interaction between the alcoholic dipoles, 
forming a solid-like layer, relaxing the surface tension of the interface.These findings make it reasonable to assume 
that a layer of water may have mechanical stabilizing effect even on more complex structures, as those in biological 
membranes where strongly polar groups are preferentially interacting with each other only in absence of water.  

 
COLL 437 Developing a nanoscale understanding of dynamic friction  
C. Mathew Mate1, Robert N. Payne1, Qing Dai1, and Kyosuke Ono2. (1) Hitachi San Jose Research Center, 650 
Harry Rd., San Jose, CA 95120, mathew.mate@hgst.com, (2) Hitachi Central Research Laboratory  

While many have endeavored to understand how frictional forces are generated at the atomic and molecular level, 
progress has been slow in a large part because friction depends on a wide array of macroscopic and microscopic 
variables. In order to help sort out these dependencies, we have developed, using technology from the disk drive 
industry, a High-Shear-Rate-Apparatus that enables us to study the frictional properties at ultra-high sliding speeds 
(2-20 m/s) of a small pad contacting a nearly atomically smooth disk surface with nanometer thick lubricant films. We 
find that the frictional behavior is strongly coupled to the vibrational dynamics of the sliding interfaces, the adhesion 
hysteresis, and the tendency for the lubricant to form a non-equilibrium meniscus between the pad and disk 
surfaces. These results are helping us develop the appropriate models for how dynamic friction occurs at the 
nanometer scale.  

 



COLL 438 Molecular aspects of vapor phase lubrication of gold contacts  
Scott S. Perry and Ian C. Laboriante, Department of Chemistry, University of Houston, 4800 Calhoun Road, 136 
Fleming Building, Houston, TX 77204-5003, perry@uh.edu  

Gold coatings represent a leading approach to the construction of RF MEMS devices under development for 
communication applications. In these scenarios, repeated intermittent contact accompanied by electrical conductivity 
upon contact must be reproduced for hundreds of millions of cycles in the absence of wear and irreversible 
interfacial adhesion. Adsorption, adhesion, and current flow measurements have been performed for a series of 
thiols deposited from both solution and the vapor phase onto contacting gold surfaces. Adhesion and current flow 
have been measured simultaneously between a Au-coated Si atomic force microscope tip and a Au substrate as a 
function of deposition method, molecular structure and composition, and the number of tip-sample contact cycles. 
Uptake measurements with a quartz crystal microbalance have allowed the determination of adsorption kinetics and 
mass uptake profiles. The results demonstrate the molecular nature of phenomena that will determine the viability of 
potential lubrication schemes.  

 
COLL 439 Making ultralow friction surfaces  
Yip-Wah Chung, Department of Materials Science and Engineering, Northwestern University, 2220 N. Campus 
Drive, Evanston, IL 60208, Fax: 847-491-7820, ywchung@northwestern.edu  

Previous studies show that hydrogenated carbon films exhibit low-friction behavior (coefficient of friction less than 
0.01) when three conditions are satisfied. First, one has to slide these films against each other. Second, the surfaces 
have to be relatively smooth. Third and most important, the testing environment must have very low levels of 
humidity. In ambients with "normal" humidity, the coefficient of friction is in the range of 0.05 to 0.1. Our work was 
focused on solving this moisture sensitivity problem by suppressing water adsorption on these carbon film surfaces. 
We found that doping hydrogenated carbon films with a few atomic percent of sulfur results in a reduction of the 
activation energy for water desorption, as evidenced by thermal desorption and quartz crystal microbalance 
measurements, as well as an increase in the water contact angle. Tribological measurements show that these sulfur-
doped carbon films maintain their low-friction properties in air from zero to 70% relative humidity.  

 
COLL 440 Adhesion of small particles on oxide surfaces  
Matti Paajanen, Jukka Katainen, and Jouko Lahtinen, Laboratory of Physics, Helsinki University of Technology, 
P.O. Box 1100, 02015 Espoo, Finland, Fax: 358-9-451-3116, jouko.lahtinen@hut.fi  

The effect of surface geometry on adhesion was studied using silica and titania model particles ranging from 30 nm 
to 5 µm. The surface composition and roughness was varied and both silica and titania surfaces were used. The 
adhesion force needed to remove attached particles from the surface was directly measured with AFM. The 
measurements were done in both dry nitrogen atmosphere and as a function of humidity. Our measurements 
covered three orders of magnitude in the ratio between the particle size and asperity size length scale and showed 
that the surface geometry has a strong effect on the adhesion. The adhesion pressure decreases by an order of 
magnitude when these length scales are equal. We also found out that the capillary force changes the adhesion 
considerably when the humidity exceeds 20-30% RH. The experiments in humid conditions were successfully 
modeled with the formation of a liquid volume attaching to the particle.  

 
COLL 441 Formation and action of self-assembled layers of friction modifying additives at sliding interfaces  
Hiroko Ohtani, Chemistry Department, Ford Motor Company, Scientific Research Lab, P.O. Box 2053, mail drop 
3083/SRL, Dearborn, MI 48121-2053, Fax: 313-594-2923, hohtani@ford.com, and Michael L. Greenfield, 
Department of Chemical Engineering, University of Rhode Island  

A combination of experiments and molecular dynamics (MD) simulations have been applied to answer fundamental 
questions underlying the tribology of advanced automatic transmissions (ATs) that involves slipping wet clutches. 
Well-defined model lubricants were designed: they consist of a surfactant-like "friction modifier (FM)" additive and 
linear hydrocarbon base fluid. Spontaneous formation of self-assembled layers of FM molecules was predicted and 
observed, as well as their energetics and remarkable stability under shear. The most energetically favorable 
structure was the one which had trapped liquid layers between the adsorbed FM layers formed on opposing sliding 



surfaces. A fluctuation analysis of the density profile detected regions with differing amounts of flexibility within the 
layered structures, especially near the boundary between the adsorbed layers and trapped liquid layers. The unique 
structures did exhibit strong velocity-dependent frictional forces which helps preventing "shudder" (friction generated 
vibration). Altogether, new combined approach has provided the clear molecular-level picture of boundary lubrication 
occurring in the AT wet clutch components.  

 
COLL 442 Methanol adsorption on clean and oxygen-predosed V(100) single-crystal surfaces  
Min Shen and Francisco Zaera, Department of Chemistry, University of California, Riverside, 900 University 
Avenue, PS 1, Riverside, CA 92521, mshen002@student.ucr.edu  

The adsorption of methanol on clean and oxygen pretreated V(100) single-crystal surfaces have been studied by 
temperature-programmed desorption (TPD) and X-ray photoelectron spectroscopy (XPS). On the clean surface, the 
adsorbed methanol follows various reaction pathways leading to the production of methane, carbon monoxide, 
formaldehyde, and ethylene as the main carbon-containing desorbing compounds. Methane desorption takes places 
mainly in two temperature regimes centered at around 350 and 500 K. Predosing of oxygen appears to enhance the 
high-temperature methane production at the expense of the one at low temperatures. In addition, an upward shift is 
seen in the desorption temperatures of methane, ethylene and hydrogen in the presence of coadsorbed oxygen. 
Finally, the coupling mechanism responsible for the formation of ethylene was investigated by using isotope labeling 
anb also by comparing the TPD spectra of several possible intermediates. Our results indicated -CH2O- and -CH2- 
are the most likely intermediates for this reaction.  

 
COLL 443 Adsorption and reactions of NO on V(110) studied by XPS and NEXAFS  
Chang Min Kim and Hyun Suk Jeong, Department of Chemistry, Kyungpook National University, Daegu 702-701, 
South Korea, Fax: 82-83-950-6330, cmk@knu.ac.kr  

Adsorption and reactions of NO on a V (110) surface were investigated using X-ray photoelectron spectroscopy 
(XPS), thermal desorption spectroscopy (TDS), and a near-edge X-ray absorption fine structure (NEXAFS) 
technique. NO decomposes on V(110) to produce N2 below 120 K. NEXAFS analysis suggests that N2 is formed via 
N2O intermediate. We will also discuss the effects of co-adsorbed N, O, and CO on the reaction of NO on V(110).  

 
COLL 444 Thermal chemistry of 1-methyl-1-cyclohexene and methylene cyclohexane on a Pt(111) single-
crystal surface  
Ricardo Morales and Francisco Zaera, Department of Chemistry, University of California, Riverside, Riverside, CA 
92521, rmora004@student.ucr.edu  

The catalytic conversion of hydrocarbons is central to many industrial processes including the reforming of crude oil 
to gasoline. Most of these reactions, hydrogenation/dehydrogenation in particular, have been shown to often involve 
the activation of hydrogens at the β position from the point of adsorption of alkyls and other surface moieties. 
However, the role of allylic H in those transformations is still uncertain. In order to address this issue, we have 
studied the thermal chemistry of 1-methyl-1-cyclohexene (1MC6

=) and methylene cyclohexane (MeC6) on a Pt(111) 
surface under ultrahigh vacuum conditions by TPD and RAIRS. These molecules have been chosen because of the 
particular lability of their allylic H, and because they may offer significance hindrance towards normal olefin 
adsorption and alkyl-alkene interconversion reactions. It was found that both molecules adsorb on the surface 
molecularly at temperatures lower than 150 K, but none by means of their C=C bond. Also, both molecules 
dehydrogenated in several steps, at 310, 500 and 660 K for 1MC6

= and 300, 405, 500 and 660 K for MeC6. 
Molecular desorption of MeC6 occurs in one single peak at 270 K, but multiple molecular desorption is observed for 
1MC6

= at 190, 230 and 280 K. Both molecules dehydrogenate to form toluene, which desorbs at 430 K if the initial 
reactants are adsorbed at room temperature. This latter result suggests the presence of an allylic intermediate 
during the aromatization of the C6 cyclic molecules, although no direct evidence for that was found in our studies. 
Two additional reactions were observed for MeC6, namely, its self-hydrogenation to form methyl cyclohexane, and 
its isomerization to 1MC6

=. Both reactions are enhanced by the presence of preadsorbed hydrogen on the surface. 
RAIRS data show changes in the vibrational modes with increase temperature indicative of complex changes on the 
surface.  



 
COLL 445 In situ sum frequency generation vibrational spectroscopy of CO oxidation and ethylene 
hydrogenation on shape controlled platinum nanoparticles  
Kaitlin M. Bratlie1, Sasha Kweskin1, Susan E. Habas1, Hyunjoo Lee1, Kyriakos Komvopoulos2, and Gabor A. 
Somorjai1. (1) Department of Chemistry, University of California, Berkeley, Berkeley, CA 94720, kmbratlie@lbl.gov, 
(2) Department of Mechanical Engineering, University of California, Berkeley  

Sum frequency generation (SFG) vibrational spectroscopy was used in-situ to study CO oxidation and ethylene 
hydrogenation on platinum nanoparticles over a range of temperatures (273-373 K). CO oxidation is a structure 
sensitive reaction whereas ethylene hydrogenation is structure insensitive making these reactions useful probes for 
studying nanoparticles. These reactions allow direct comparisons of the activation energies and surface species 
present during reaction on the preferentially exposed facets of nanoparticles to those previously identified on single 
crystals. Surface structure, as well as preparation and chemical environment, affects the adsorption of CO. SFG is 
an excellent tool to probe the adsorption of CO since it is a surface specific technique that directly probes the 
surface adsorbates without signal contribution from background gases. Determining the CO peak position upon 
adsorption can help to identify the available sites, platinum coordination number, and crystal facets.  

 
COLL 446 Reaction path of water formation on Pt (111) surface under UHV condition and alloying effects  
Liang Qi and Ju Li, Department of Materials Science and Engineering, Ohio State University, 494 Watts Hall, 2041 
College Road, Columbus, OH 43210, qi.36@osu.edu  

Hydrogen oxidation on Pt (111) surface under ultra high vacuum (UHV) condition is modeled by density functional 
theory (DFT). For the whole reaction, beside the well-known path consisting of O2 dissociation and OH formation, a 
new pathway involving hydroperoxyl (OOH) intermediate is found with smaller activation barrier. The coverage 
dependence of the reaction barriers are studied. The charge states of different intermediates are determined by 
analyzing the interaction between localized orbitals of the absorbed species and delocalized surface states. Finally 
the whole reaction paths are also studied on some binary alloy surfaces and the electron transfer analysis is used in 
these calculations to explain the reason of different reaction barriers compared to pure Pt.  

 
COLL 447 Real-time in situ microscopy and spectroscopy of the oxidation of Ru(0001)  
Jan Hrbek, Peter Sutter, J. I. Flege, Qifei Wu, and R. Q. Hwang, Brookhaven National Laboratory, Chemistry 555, 
Upton, NY 11973, hrbek@bnl.gov  

Metallic ruthenium dioxide (RuO2) has attracted significant interest recently for a variety of applications, including 
catalysis, gas sensors, and supercapacitors. While micro- or nanocrystalline RuO2 will ultimately be used in most 
practical devices, fundamental studies on single crystals in controlled environments provide quantitative information 
on the atomic-scale processes underlying Ru oxidation. Here, we discuss results from in-situ, real-time low-energy 
electron microscopy (LEEM) and photoelectron spectroscopy (XPS, UPS) of the Ru(0001) surface during oxidation 
at elevated temperatures, which we use to identify the atomistic oxidation mechanisms and the rate-limiting step of 
the oxidation reaction, and to clarify the role of sub-surface oxygen thought to be an integral part of the oxidation 
process. We study, with nanometer spatial resolution, the nucleation, growth, and coalescence of rutile RuO2(110) 
on Ru(0001). Exposure to NO2 as the oxygen-carrying precursor over a range of sample temperatures shows steps 
as preferred sites for the initial nucleation of RuO2 at low temperature, while homogeneous nucleation is observed at 
higher temperatures. By analyzing the evolution of individual RuO2 nuclei in LEEM movies as a function of 
temperature and of their local environment (i.e., in the presence of other nuclei, of surface defects and steps) we 
discuss the microscopic processes involved in RuO2 formation and compare our findings with atomistic theoretical 
models of the oxidation reaction.  

 
COLL 448 Catalytically active gold: From nano-particles to ultra-thin films  
D. Wayne Goodman and Mingshu Chen, Department of Chemistry, Texas A&M University, College Station, TX 
77842, Fax: 979-845-6822, goodman@mail.chem.tamu.edu  

Ordered Au (1x1) mono- and (1x3) bi-layer films have been synthesized on a titania ultra-thin film grown on a 
Mo(112) surface. The Au (1x3) bi-layer film has a significantly higher catalytic activity for carbon monoxide oxidation 



than does the Au (1x1) mono-layer film. This discovery is a key to understanding the nature of the active site and 
structure of supported Au catalysts. Furthermore, it is the first observation of Au completely wetting an oxide surface, 
and demonstrates that ultra-thin Au films on an oxide surface have exceptionally high catalytic activity, comparable 
to the activity observed for Au nanoparticles. Recent STM results of the (1x1) and (1x3) Au structures will be 
discussed and correlated with the structures of supported Au nanoparticles.  

 
COLL 449 Deposition of mass-selected Au and Ag nanoclusters on titania  
Lauren Benz, Xiao Tong, Steeve Chrétien, Paul R. Kemper, Horia Metiu, Michael T. Bowers, and Steven K. Buratto, 
Department of Chemistry and Biochemistry, University of California, Santa Barbara, Santa Barbara, CA 93106, 
laubin@chem.ucsb.edu  

Small clusters of gold and silver have shown size-dependent catalytic activity in a number of reactions including CO 
oxidation and the partial oxidation of hydrocarbons, stimulating interest in the investigation of cluster properties as a 
function of size. We deposit mass-selected gold and silver clusters from the gas phase onto a single crystalline, 
rutile (110)-(1x1) titania substrate, following which cluster size, shape and position can be identified in ultra high 
vacuum with scanning tunneling microscopy (STM) and compared to density functional theory (DFT) calculations. 
The depositions of Au1, Ag1, and Ag2, result in large, agglomerated clusters, indicating that these clusters have high 
mobility on the surface at room temperature. Cluster mobility can be inhibited by increasing the incoming kinetic 
energy, resulting in pinned clusters. As a result of low mobility at room temperature, Ag3-5 and Au2-7 remain intact on 
the surface of titania. Finally, using a combination of STM and temperature-programmed desorption (TPD), we probe 
the interaction of these clusters with catalytic gases.  

 
COLL 450 STM and SXRD on working catalysts: Understanding structure, reactivity and oscillations  
Joost W. M. Frenken, B. L. M. Hendriksen, S. C. Bobaru, and M. D. Ackermann, Kamerlingh Onnes Laboratory, 
Leiden University, P.O. Box 9504, Leiden, Leiden 2300 RA, Netherlands, frenken@physics.leidenuniv.nl  

We employ scanning tunneling microscopy (STM) and surface X-ray diffraction (SXRD) to obtain direct information 
on the structure and the atomic and molecular processes that occur on the surface of a catalyst while it is active in a 
chemical reaction under the high-temperatures and high-pressures conditions typical in catalysis. STM-movies 
obtained during the oxidation of CO on Pt and Pd surfaces, demonstrate that at high O2 pressures the surface 
oxidizes and the reaction changes from a Langmuir-Hinshelwood to a Mars-Van-Krevelen mechanism [1,2]. We 
resolve various ultrathin oxide structures, which only appear under high partial pressures of oxygen [3]. Finally, we 
introduce a new explanation for self-sustained oscillations in the reaction rate [2], which involves a novel role for 
atomic steps in catalysis [4].  

[1] B.L.M. Hendriksen and J.W.M. Frenken, Phys.Rev.Lett. 89, 046101 (2002). [2] B.L.M. Hendriksen et al., Surf.Sci. 
552, 229 (2004). [3] M.D. Ackermann et al., Phys.Rev.Lett. 95, 255505 (2005). [4] B.L.M. Hendriksen et al., to be 
published.  

 
COLL 451 Nanoparticles supported on thin oxide films  
Hans-Joachim Freund, Department of Chemical Physics, Fritz Haber Institut of the Max Planck Society, 
Faradayweg 4-6, D-14195 Berlin, Germany, Fax: +49(0)308413-4101  

Thin oxide films can be grown very well ordered on metallic substrates. Examples are MgO/Ag(100), 
Al2O3/NiAl(100), and SiO2/Mo(111). These substrates are very well suited to deposite metal atoms and clusters. 
We will discuss the bonding of Au and Pd atoms and aggregates on the different surfaces addressing the issue of 
the influence of thickness of the oxide film on the properties of the metal deposits. Scanning probe techniques as 
well as other methods including ESR are being used as tools for characterization.  

 
COLL 452 Structure and chemistry of Pt-Ge surface alloys  
Bruce E. Koel, Department of Chemistry and CAMN, Lehigh University, 6 E. Packer Ave., Bethlehem, PA 18015, 
Fax: 610-758-6555, brk205@lehigh.edu  



We have investigated surface structures formed by Ge deposition on Pt(111) and Pt(100) single-crystal substrates 
by using STM, LEED, Na+-ion scattering spectroscopy (Na+-ISS) and X-ray photoelectron diffraction (XPD). This 
combination provides an atomic level description of the surface necessary to understand the “site-directed” 
chemistry of these surfaces. We find large apparent differences in the behavior of Ge on the two Pt substrates. A 
p(√19x√19)R23.4°-Ge/Pt(111) surface alloy was formed on Pt(111) by annealing at 900 K. In contrast, and despite 
extensive bulk solubility of Ge in Pt, it was found that Ge remains on top of the Pt(100) surface as adatoms even 
after annealing to 1200 K. TPD shows that both CO and NO adsorb more weakly on the Pt-Ge bimetallic surfaces 
than on the clean Pt surfaces, but the bimetallic surface has a significant improvement in the selectivity for 
crotonaldehyde hydrogenation.  

 
COLL 453 Atomic processes on catalyst surfaces: Many-body interactions and high pressure effects  
Joost Wintterlin, Department of Chemistry, University of Munich, Butenandtstr. 5-13, 81377 Munich, Germany, Fax: 
+49-89-218077598, wintterlin@cup.uni-muenchen.de  

In this talk I will discuss two recent examples from our STM work on catalytic reactions on metal surfaces. It has 
been known for some time that on many metal surfaces adsorbed oxygen atoms interact attractively, causing the 
formation of islands. We have analyzed interactions between mobile O atoms in great detail using fast STM. It turns 
out that the atom distributions cannot be understood if only pair-wise attractive interactions are present. Correlating 
the data with DFT calculations and Monte-Carlo simulations shows that significant many-body interactions must be 
present. We have been able to visualize such effects for large atom ensembles in thermodynamic equilibrium. In the 
second part I present first results obtained with a newly developed STM for high pressure investigations. The setup 
allows us to perform atomically resolved experiments under pressure and temperature conditions that come close to 
those of industrial catalytic processes.  

 
COLL 454 Adsorption, hydrolysis and coordination change of Zn(II) on the rutile (110) surface: A combined 
X-ray standing wave, EXAFS, and density functional theory study  
James D. Kubicki1, Jorge O. Sofo2, A. V. Bandura3, Paul Fenter4, Zhan Zhang4, Michael J. Bedzyk5, Jeffrey G. 
Catalano4, Neil C. Sturchio6, and Shelley D. Kelley4. (1) Dept. of Geosciences, The Pennsylvania State University, 
335 Deike Building, University Park, PA 16802, Fax: 814-863-7823, kubicki@geosc.psu.edu, (2) Department of 
Physics, The Pennsylvania State University, (3) St. Petersburg State University, (4) Chemistry Division, Argonne 
National Laboratory, (5) Center for Catalysis and Surface Science, Department of Materials Science and 
Engineering, Northwestern University, (6) Department of Earth and Environmental Sciences, University of Illinois at 
Chicago  

A combination of X-ray standing wave (XSW), polarized extended absorption fine structure (EXAFS)spectroscopy, 
and plane-wave periodic density functional theory (DFT) calculations were used to study the details of Zn(II) 
adsorption onto the (110) surface of rutile (alpha titanium dioxide). The XSW data reveals that Zn(II) adsorbs as an 
inner-sphere complex at two sites: a monodentate site above an oxygen atom bonded to two titanium atoms (i.e., Ti-
O-Ti) and a site between two terminal oxygen atoms (i.e., 2Ti-O groups). EXAFS results indicate a reduction of the 
Zn coordination number from six in the aqueous phase to either 4- or 5-fold upon adsorption. Decreasing pH from 8 
to 6 does not change the structure of the surface complexes, but it does change the relative stability of the sites. The 
monodentate site is dominant at pH 8, but the two sites have approximately equal concentrations at pH 6. Periodic 
DFT calculations using the program VASP were used as a basis for models of the polarized EXAFS spectra and to 
help interpret the XSW results. In addition, the hydrolysis of Zn(II) at the surface was predicted to be the driving force 
for the reduced coordination change.  

 
COLL 455 Spectroscopic investigations of the adsorption of Fe2+(aq) to clay minerals  
Rose B. Merola, Eric D. Fournier, and Molly M. McGuire, Department of Chemistry, Bucknell University, Lewisburg, 
PA 17837, mmcguire@bucknell.edu  

Diffuse reflectance spectroscopy in the visible and attenuated total reflection Fourier-transform infrared spectroscopy 
(ATR-FTIR) were used to investigate the adsorption of Fe2+(aq) to iron-bearing clay minerals. The diffuse 
reflectance spectra of a clay suspension in dilute Fe2+(aq) are pH-dependent with new intervalence charge transfer 
(IVCT) bands appearing at pH values above ~6. These data suggest that that the ferrous iron binds to the mineral at 



higher pH values in such a way that it is able to exchange charge with the ferric iron within the mineral structure. 
ATR-FTIR spectra of these same suspensions indicate that a significant change in the Si-O stretching region 
accompanies this pH-dependent adsorption, confirming a structural modification of the clay mineral lattice. Taken 
together, the spectral data support a mechanism by which Fe2+(aq) binds to deprotonated edge sites of the clay 
mineral.  

 
COLL 456 Capillary waves at the water/hydrocarbon interface  
Janamejaya Chowdhary and Branka M. Ladanyi, Department of Chemistry, Colorado State University, Fort Collins, 
CO 80523-1872, Fax: 970-491-1801, janamej@lamar.colostate.edu  

Water/Hydrocarbon interfaces can be found in a number of environmentally important contexts, such as oil spills, 
and are also important for understanding hydrophobic interactions in biomolecular systems. Insight into their 
interfacial structure and properties is therefore of paramount importance.We have performed molecular dynamics 
simulations for a series of hydrocarbons to study the effect of hydrocarbon branching on the interface. The set of 
surface sites are identified for the two liquids forming the interface and the capillary wave spectrum calculated 
numerically for each surface. Interfacial fluctuations are usually modeled in terms of the Capillary Wave Model 
originally formulated for liquid/vapor interfaces. We modify the model and treat the water/hydrocarbon interface as 
two mutually interacting surfaces that also interact with the corresponding bulk phase as well. Predictions of the 
model for capillary wave fluctuations and interfacial width are tested against direct simulation results and found to be 
in good agreement. Estimates for the magnitude of interfacial tension based on the model are consistent with values 
obtained from the simulation.  

 
COLL 457 Modeling ligand exchange on an aluminum oxide molecular cluster from first principles  
Andrew Gregory Stack, School of Earth and Atmospheric Science, Georgia Institute of Technology, Atlanta, GA 
30309, Fax: 404-894-5638, andrew.stack@eas.gatech.edu, James Rustad, Department of Geology, University of 
California Davis, and William H. Casey, Department of Chemistry and Department of Geology, University of 
California  

Ligand exchange is often a controlling factor for a variety of environmentally important reactions, including mineral 
growth and dissolution. However, difficulty in characterizing the ligand exchange rates on surfaces has inspired us to 
develop predictive models using more easily characterized substances that contain functional groups similar to those 
of common soil minerals. Using a combination of molecular dynamics (MD) simulations and ab initio calculations, we 
model first-shell water exchange on an aluminum polyoxocation. Solvent structure and initial state for the exchange 
are inferred from the MD simulations, while the ab initio calculations give precise energetics. The calculated energy 
difference between the initial and transition states is +53 kJ/mol, close to the experimental estimate of +63 kJ/mol.  

 
COLL 458 Reduction of U6+ by magnetite and the rate of electron transfer  
Frances N. Skomurski1, Sebastien Kerisit2, Eugene S. Ilton2, Mark Engelhard3, Rodney C. Ewing1, Udo Becker1, 
and Kevin M. Rosso2. (1) Department of Geological Sciences, University of Michigan, 2534 C.C. Little Building, 1100 
N. University Ave., Ann Arbor, MI 48109, Fax: 734-763-4690, fskomurs@umich.edu, (2) Chemical Sciences Division, 
Pacific Northwest National Laboratory, (3) Environmental Molecular Sciences Laboratory, Pacific Northwest National 
Laboratory  

The reduction of U6+ to U4+ by natural magnetite (FeIIFeIII
2O4) was explored using a combination of experimental and 

computational techniques. Natural magnetite samples were cleaved and exposed to uranyl-nitrate solution at pH 4.4 
under anoxic conditions for approximately 90 hours. U4+/U6+ and Fe2+/Fe3+ ratios on both clean and U-exposed 
surfaces were measured using XPS, and the results indicate a significant amount of U6+ adsorption, accompanied by 
signs of reductive adsorption. X-ray beam-induced reduction of U6+ was ruled out. Quantum mechanical calculations 
were used to determine the charge ordering of Fe2+/Fe3+ in the octahedral sub-lattice for vacuum-terminated and 
hydrated magnetite surfaces, where the near-surface availability of Fe2+ is important for the reduction of adsorbates. 
Electron transfer rates were calculated between near-surface ferrous iron and stable uranyl (UO2

2+) surface 
complexes predicted by molecular dynamics to determine if electron transfer could be the rate-limiting step in the 
reduction of U6+ by magnetite.  



 
COLL 459 Interfacial interactions drive structural transformations in sulfide nanoparticles  
Carmen M. Goodell1, Benjamin Gilbert2, Hengzhong Zhang3, Bin Chen3, and Jillian Banfield4. (1) Earth and 
Planetary Science, UC Berkeley, UC Berkeley, Berkeley, CA 94720, (2) Earth Science Division, Lawrence Berkeley 
National Laboratory, (3) Department of Earth and Planetary Science, University of California Berkeley, 307 McCone 
Hall, Berkeley, CA 94720, heng@eps.berkeley.edu, (4) Department of Earth & Planetary Science, University of 
California at Berkeley, 307 McCone Hall #4767, Berkeley, CA 94720, Fax: 510-643-9980  

Inter-particle interactions and surface adsorption of ions can induce ordering in nanoparticles. For example, 
aggregation/disaggregation of 3 nm ZnS nanoparticles drives a reversible structural transformation (Huang et al. 
2004). In addition, experiments and simulations show that adsorption of water to ZnS nanoparticle surfaces leads to 
an irreversible increase in structural order (Zhang et al. 2003). However, water adsorption also induces aggregation. 
In order to separate the effects of adsorption and aggregation and to determine the activation energy for the 
adsorption-driven reaction, we fixed the aggregation state by vacuum-drying nanoparticles before exposure to water 
vapor at different temperatures. Results confirmed that the adsorption of water molecules is a stronger determinant 
of the nanoparticle structure than the aggregation state. In order to further evaluate structure-directing surface 
interactions, nanoparticles were exposed to a variety of inorganic and organic ligands. Higher degrees of crystallinity 
are associated with electrostatic rather than van der Waals interactions.  

 
COLL 460 Bacteriogenic Mn oxides: Structure and reactivity with metal cations  
Mario Villalobos, Environmental Bio-Geochemistry Group, Instituto de Geografía, UNAM, LAFQA, National 
Autonomous University of Mexico (UNAM), CU México 04510, Mexico, Fax: 55-5622-4352, 
marvilla@igiris.igeograf.unam.mx, Brandy Toner, Department of Marine Chemistry and Geochemistry, Woods Hole 
Oceanographic Institution, and Garrison Sposito, Division of Ecosystem Sciences, University of California  

Bacteriogenic Mn oxides, ubiquitous in terrestrial and marine environments, play critical roles in a broad variety of 
biological and chemical processes, ranging from photosynthesis to the attenuation of metal contaminants. 
Pseudomonas putida MnB1, a biofilm-forming bacteria that oxidizes Mn(II) during the stationary phase of growth, 
has been studied by us and our collaborators as a model organism for biogenic Mn oxide formation in aquatic 
systems. The oxide produced by MnB1 is a poorly-crystalline birnessite whose negative charge and nanoparticle 
size lead to an extraordinary adsorptive capacity for metal cations, a property that we and our collaborators have 
confirmed for the priority metal pollutants, Pb(II) and Zn(II), using X-ray absorption spectroscopy. Adsorbed species 
were identified at two binding sites, octahedral vacancies in the structure and particle edges. Studies of Zn 
adsorption in the presence of the biofilm showed that the organic material did not adsorb Zn until all Mn oxide sites 
were filled. That the biofilm was unable to mask adsorption by the embedded Mn oxide is highly relevant to the 
natural attenuation of metals.  

 
COLL 461 Influence of bio-surfactants adsorption on siderophore promoted dissolution of hydroxides  
Naraya Carrasco1, Ruben Kretzschmar2, and Stephan Kraemer1. (1) Department of Environmental Science, ETH 
Zurich, ETH Zentrum CHN, Zurich 8092, Switzerland, naraya.carrasco@env.ethz.ch, (2) Department of 
Environmental Sciences, ETH Zurich  

Siderophores are biogenic ligands which promote iron oxide dissolution in a surface controlled process. The 
adsorption of bio-surfactants can influence the physico-chemical properties of interfaces and therefore surface 
controlled processes. We investigated the influence of adsorbed synthetic and biogenic surfactants on the surface 
properties, the adsorption of ligands and the promoted dissolution of goethite (α-FeOOH) and boehmite (γ-AlOOH) 
in the presence of siderophores and other ligands. Surfactants adsorption on goethite reversed the surface charge 
even at low concentrations. The adsorption of different ligands in the presence of surfactant revealed that 
hydrophobic interactions contributing to ligand adsorption are more important than electrostatic interactions. The 
dissolution rates at low surfactant concentrations were increased, but they were not linearly related to the adsorbed 
ligands as predicted by the ligand-promoted dissolution law. These results provide evidence that the adsorption of 
surfactants on mineral surfaces has an important effect on siderophore-promoted dissolution.  

 



COLL 462 Adsorption of the biosurfactant rhamnolipid on alumina by ATR-FTIR spectroscopy: Effect of 
solution pH  
Ariel Lebrón-Paler and Jeanne E. Pemberton, Department of Chemistry, University of Arizona, 1306 East 
University Boulevard, Tucson, AZ 85721, Fax: 520-621-8248, alpaler@email.arizona.edu  

Remediation of pollutants in the environment is affected by the physical and chemical properties of the surrounding 
media. The use of biosurfactants as an alternative technology to conventional methods has been proposed in order 
to enhance the mobility and/or bioavailability of organic and inorganic compounds in soil systems, and thus eliminate 
any bio-incompatibilities. These processes can occur by either altering the mineral surface through sorption-
desorption processes or preventing the contaminant from direct interaction with surfaces by forming blocking 
molecular assemblies. The biosurfactant rhamnolipid produced by Pseudomonas aeruginosa is known to adsorb to 
soil, but the complexity of the surfactant system creates a major barrier to understanding the exact mechanism and 
conditions under which adsorption occurs. In this work, a monorhamnolipid mixture of known composition was 
isolated and purified from P.aeruginosa ATCC 9027 and adsorption on the model mineral oxide surface alumina was 
evaluated as a function of pH using ATR-FTIR spectroscopy. Both qualitative and quantitative results will be 
presented, and a proposed adsorption mechanism inferred.  

 
COLL 463 Surface reactivity of ferrihydrite nanoparticles toward gaseous SO2  
Daniel R. Strongin1, Gang Liu1, Sudeep Debnath2, Kristian W. Paul3, F. Marc Michel4, John B. Parise5, and Donald 
Sparks3. (1) Department of Chemistry, Center for Environmental Molecular Science, Temple University, 1901 N. 
13th St, Philadelphia, PA 19122, Fax: 215-204-1532, dstrongi@temple.edu, (2) Department of Chemistry, Temple 
University, (3) Department of Plant and Soil Sciences, University of Delaware, (4) Department of Geosciences, 
Center for Environmental Molecular Science, Stony Brook University, (5) Department of Geosciences, Department of 
Chemistry, Center for Environmental Molecular Science, Stony Brook University  

Nanoparticles with nominal sizes of 3 and 6 nm were assembled within ferritin, an iron storage protein. The 
crystallinity and structure of the particles, after removal of the protein coat by heating to 373 K in a reactive ozone 
environment, were evaluated using electron microscopy and atomic force microscopy (AFM), and scanning tunneling 
microscopy (STM). Electron microscopy showed that both amorphous and crystalline nanoparticles were present, 
with the degree of crystallinity improving with increasing size of the particles. The dominant phase of the crystalline 
nanoparticles was ferrihydrite. The morphology and electronic structure of the nanoparticles supported on Au(111) 
were characterized using a combination of AFM and STM. Scanning tunneling spectroscopy (STS) measurements of 
the band gap associated with the 6 nm nanoparticles were consistent with bulk ferrihydrite, whereas a smaller band 
gap was measured for the 3 nm nanoparticles. The interaction of gaseous SO2 with the ferrihydrite nanoparticles 
was investigated using attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy, and the 
results were interpreted with the aid of molecular orbital/density functional theory (MO/DFT) frequency calculations. 
The reaction of SO2 with the nanoparticles resulted in a variety of sulfur oxyanion surface species. In particular, the 
reaction led to the formation of a mixture of sulfite, bisulfite, sulfate and bisulfate. The relative ratio of sulfur 
oxyanions and the rate in which they formed was a sensitive function of the ferrihydrite particle size.  

 
COLL 464 A step closer to understanding catalysis: The Operando methodology  
Miguel A. Bañares, CSIC - Instituto de Catalisis, Marie Curie, 2, Madrid E-28049, Spain, Fax: (+34)915854760  

The reaction environment changes the catalyst surface as compared with its structure under vacuum, ambient or in 
situ dehydrated conditions The operando methodology combines advanced reaction in situ spectroscopy with kinetic 
measurements in the same experiment; this provides a grip on the actual structure of the catalyst during operation 
and its performance. Raman spectroscopy is particularly suited to study catalysts during reaction. The operando 
reactors were made with optical quality quartz walls; they are designed with minimum void volume to prevent 
homogeneous reactivity. The activity values did not differentiate significantly from those obtained in a conventional 
fixed-bed reactor. Operando Raman studies will be presented during the conversion of alkanes, methanol, ammonia 
and the remediation of N-containing and S-containing pollutants Changes on structure and activity are followed 
simultaneously; thus, facilitating the molecular understanding of the structure-activity/selectivity relationships.  

 



COLL 465 Smart combinatorial Operando spectroscopic catalytic reactor system  
Israel E. Wachs and Sukwon Choi, Department of Chemical Engineering, Operando Molecular Spectroscopy & 
Catalysis Laboratory, Lehigh University, 7 Asa Drive, Sinclair Lab 117, Bethlehem, PA 18015, iew0@lehigh.edu  

With the recent introduction of the operando spectroscopic methodology that involves simultaneous spectroscopic 
characterization of catalysts and reaction product analysis to develop molecular structure-activity selectivity 
relationships, there is currently a strong desire to obtain real time catalyst spectroscopic and performance 
information under relevant reaction conditions. Recent advances in optical spectroscopic instrumentation now allow 
for the collection of Raman, IR and UV-Vis spectra with temporal (~1 second) and spatial (~1 micron) resolution. 
Such a new operando spectroscopic system has been developed that can simultaneously provide multiple 
spectroscopic (IR, UV-Vis, Raman excitation from UV to visible and temperature programmed surface reaction) and 
confocal microscopic information for surface mapping. The reaction products from this operando spectroscopic 
catalytic system are monitored in real time with an online GC and mass spectrometer system. To further accelerate 
the amount of information being generated from such an operando spectroscopic catalytic system, eight multiple 
parallel fixed-bed reactors were installed to also allow for combinatorial studies. Thus, this smart combinatorial 
operando catalytic system (PCT International Patent WO 2005100993) can perform 6 spectroscopic experiments, 1 
microscopic experiment that allows for the rapid establishment of molecular/electronic structure-catalytic 
activity/selectivity relationships that will allow for the design of advanced catalytic materials. This presentation will 
discuss the design details and capabilities by discussing several examples investigated with this smart combinatorial 
operando spectroscopic catalytic system.  

 
COLL 466 Solid acidity of supported WO3/ZrO2 catalysts: A combined Raman, IR, UV-Vis and TPSR 
Operando spectroscopy study  
EI. Ross1, T. Kim1, WV. Knowles2, MS. Wong2, and Israel E. Wachs1. (1) Department of Chemical Engineering, 
Operando Molecular Spectroscopy & Catalysis Laboratory, Lehigh University, Operando Molecular Spectroscopy & 
Catalysis Laboratory, Chemical Engineering Department, Lehigh University, Bethlehem, PA 18015, (2) Departments 
of Biological & Chemical Engineering and Chemistry, Rice University, Departments of Biological & Chemical 
Engineering and Chemistry, Rice University, Houston, TX 77251, mswong@rice.edu  

The acidic characteristics of supported WO3/ZrO2 catalysts have been known for some time now, but many 
fundamental questions still remain about the origin of its interesting solid acidity characteristics. A combined Raman, 
IR, UV-Vis and temperature programmed surface reaction (TPSR) operando spectroscopy study was undertaken in 
order to better understand the solid acidity of supported WO3/ZrO2 catalysts. Both well defined model supported 
WO3/ZrO2 catalysts and calcined WO3/ZrO(OH)2 catalysts were investigated. Monolayer surface coverage was 
determined to occur at 4.5 W/nm2 and the same tungsten oxide species were found to be present in both catalytic 
systems at the same surface W density: isolated surface WO4 species, polymeric surface WO5 species, WO3 
nanoparticles (NPs) and bulk-like WO3 particles. The WOx domain size for both catalytic systems, reflected in the 
UV-Vis Eg value, was essentially identically with surface WOx coverage on ZrO2. Methanol dehydration to 
CH3OCH3 was selected as the chemical probe reaction and found to be very sensitive to the different tungsten 
oxide structures. The methanol dehydration TOF was found to increase with increasing tungsten oxide domain size: 
isolated surface WO4 species < polymeric WO5 species < WO3 NPs < bulk-like WO3. However, the number of 
catalytic active sites varied inversely: bulk-like WO3 < WO3 NPs < surface WOx species. Consequently, the turnover 
rate for methanol dehydration exhibits a maximum with surface W density at ~8-10 W/nm2. The bridging W-O-Zr 
bond is the catalytic acid site and its acidic character was found to strongly depend on the ZrO2 support domain 
size.  

 
COLL 467 Operando surface-enhanced Raman spectroscopy (SERS)  
Alyson V. Whitney1, Jeffery W. Elam1, Peter C. Stair2, and Richard P. Van Duyne1. (1) Department of Chemistry, 
Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, Fax: 847-491-7713, 
vanduyne@chem.northwestern.edu, (2) Center for Catalysis and Surface Science, Department of Chemistry, 
Northwestern University  

The work presented here employs atomic layer deposition (ALD) as a step to fabricate thermally robust surface-
enhanced Raman spectroscopy (SERS) nanoparticle substrates that have the potential to be a support for model 
catalytic reactions such as the oxidative dehydrogenation of cyclohexane. Nanosphere lithography (NSL) was used 



to produce highly uniform arrays of Ag triangular nanoparticles, which are ideally suited as SERS substrates. 
Applying a single ALD Al2O3 layer to these Ag nanoparticles results in an extremely thermally robust substrate. 
Each monolayer of Al2O3 has a thickness of 1.1 Ǻ. A SERS enhancement of molecules adsorbed on the alumina 
film in the thickness range 1 – 10 monolayers follows the predictions of electromagnetic theory based on the 
separation between the Al2O3 surface and the Ag nanoparticle. Furthermore, even after a single layer of Al2O3, the 
Ag nanoparticle arrays exhibit a substantially increased thermal stability up to temperatures of 300°C or above.  

 
COLL 468 Investigation of the oxidation mechanism of Pd in O2 by in situ XPS  
Fabio H. Ribeiro1, Andrew D. Smeltz1, Dmitry Zemlyanov2, Robert Schlögl3, Axel Knop-Gericke3, Harald Gabasch4, 
and Bernhard Klötzer4. (1) School of Chemical Engineering, Purdue University, 480 Stadium Mall Drive, West 
Lafayette, IN 47907-2100, Fax: 765-494-0805, fabio@purdue.edu, (2) Birck Nanotechnology Center, Purdue 
University, (3) Department of Inorganic Chemistry, Fritz-Haber-Institut der Max-Planck-Gesellschaft, (4) Institut für 
Physikalische Chemie, Universität Innsbruck  

The kinetics of palladium oxidation was studied by in situ XPS on Pd(111) and Pd(110) surfaces in the range 0.2-0.8 
mbar O2 and 550-700 K. The x-rays were generated in a synchrotron ring. By measuring the Pd and oxygen spectra 
as a function of temperature and O2 pressure, we were able to identify and follow the formation of the various 
intermediate phases. Variation of the x-ray energy allowed us to probe the solid composition as a function of depth. 
The oxide is formed in a series of steps including oxygen diffusion in the solid, formation of PdO seeds, and finally 
formation of the bulk oxide. The open Pd(110) surface oxidized at a higher rate and at lower temperature than the 
close-packed Pd(111).  

 
COLL 469 NMR and molecular modeling studies of geochemical aqueous interfaces  
R. James Kirkpatrick1, Andrey G. Kalinichev1, Padma Kumar P1, Marc X. Reinholdt2, and Qiang Li3. (1) Department 
of Geology and NSF WaterCAMPwS, University of Illinois at Urbana-Champaign, 1301 West Green Street, 245 
Natural History Building, Urbana, IL 61801, kirkpat@uiuc.edu, (2) Department of Geology, University of Illinois, (3) 
Department of Geology, University of Illinois at Urbana-Champaign  

Most geochemical reactions in the earth's near-surface environment that involve a solid phase occur at the interface 
between the solid and an aqueous fluid. Fundamental understanding of these diverse reactions requires molecular 
scale understanding of the near-surface fluid structure, energetics, and dynamics, and there have been significant 
advances in recent years. We describe here the results of combined NMR and molecular modeling studies of water 
and solute at geochemically important oxide and hydroxide mineral surfaces and the interfaces with natural organic 
molecules in solution. For many minerals, NMR provides otherwise unobtainable structural and dynamical data 
through the chemical shift, quadrupolar coupling, line shapes and relaxation rates. The data, however, are often 
difficult to interpret unambiguously at the molecular scale. Molecular modeling is often highly effective in interpreting 
the experimental results, as illustrated for parallel experimental and computational results for layered double 
hydroxides and natural organic matter.  

 
COLL 470 Solid state water at room temperature in kanemite and Zeolite A  
Alan Benesi1, Bernie O'Hare1, Michael W. Grutzeck2, Seong H. Kim3, and David B. Asay3. (1) Chemistry 
Department, Penn State University, University Park, PA 16802, (2) Materials Research Institute, Pennsylvania State 
University, (3) Department of Chemical Engineering, The Pennsylvania State University  

We have used deuterium NMR T1 relaxation data and transmission FT-IR to show that solid state water exists in 
kanemite and in hydrated Zeolite A at room temperature. The NMR data for the planar silicate kanemite are well 
matched with a solid state tetrahedral jump model like that used to explain temperature dependent 2H and 1H 
powder spectra in ice Ih below the freezing point. The NMR data for Zeolite A are well matched by a model in which 
a given H nucleus experiences rapid local tetrahedral jumps and longer term pseudoisotropic rotational diffusion due 
to the approximately spherical geometry of the pores.  

 
COLL 471 Ion adsorption and hydration structures at mineral-water interfaces studied with resonant 
anomalous X-ray reflectivity  



Changyong Park1, Jeffrey G. Catalano1, Paul Fenter1, Zhan Zhang1, Kathryn L. Nagy2, and Neil C. Sturchio2. (1) 
Chemistry Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439, cypark@anl.gov, 
(2) Department of Earth and Environmental Sciences, University of Illinois at Chicago  

In-situ characterization of ion adsorption structures and the associated changes to interfacial hydration structures is 
essential for a complete understanding of hydration at mineral-water interfaces. Water tends to order at common 
mineral-water interfaces with the detailed hydration structure depending on the local atomic configuration of the 
mineral surface (Fenter and Sturchio, Prog. Surf. Sci. 77, 171, 2004). Ion adsorption is expected to disrupt the 
interfacial hydration structure but the ability to observe these changes requires element-specific sensitivity. This 
difficulty can be overcome using Resonant Anomalous X-ray Reflectivity (RAXR), which combines the interface 
sensitivity of conventional X-ray reflectivity with the element-specific sensitivity of x-ray absorption spectroscopy. The 
distributions of Rb+ and Sr2+ at the muscovite (001)-water interface were determined with RAXR revealing critical 
differences between two ions: while Rb+ is adsorbs exclusively as an inner-sphere species (as expected), Sr2+ 
coexists in both inner- and outer-sphere modes. The influence of ion adsorption on interfacial hydration structure is 
also directly observed from these data, revealing a perturbation of the interfacial hydration layer that is ion-specific. 
RAXR measurements of arsenate (AsO4

3-) adsorbed on α-Al2O3, also revealed a coexistence of inner- and outer-
sphere species. The ability to directly observe outer-sphere species provides fundamentally new insights into ion 
distributions at mineral-water interfaces, and suggests that this aspect of interfacial structure may be common. More 
generally, these results show perturbation of mineral-water hydration structures by ion adsorption can be directly 
observed using this new technique.  

*Work performed under the auspices of the Office of Science, Geoscience Research Program, US-DOE under 
contract number W-31-109-ENG-38.  

 
COLL 472 Molecular dynamics of mineral-water interfaces: Structure, dynamics, energetics and hydrogen 
bonding  
Andrey G. Kalinichev1, Jianwei Wang2, and R. James Kirkpatrick1. (1) Department of Geology and NSF 
WaterCAMPwS, University of Illinois at Urbana-Champaign, Urbana, IL 61801, kalinich@uiuc.edu, (2) Department of 
Geology, University of California at Davis  

Molecular-level understanding of mineral-water interfaces is greatly important for many geochemical and 
environmental systems. To quantify the effects of the substrate mineral structure and composition on the properties 
of interfacial water, we have performed MD simulations of aqueous interfaces with several representative silicates 
(quartz, muscovite, and talc) and hydroxides (brucite, gibbsite, portlandite, hydrotalcite, and hydrocalumite). The first 
molecular layer of water at all substrates is always well ordered indicating the reduced translational and orientational 
mobility of interfacial H2O molecules, but with significant differences due to the underlying substrates. The ordering 
of interfacial water in not simply "ice-like", but rather resembles the behavior of supercooled water. The longer-time 
dynamics of interfacial H2O molecules represents a combination of slow, virtually frozen, regime due to the 
substrate-bound water and a faster regime of almost free H2O molecules farther from the surface. At shorter times 
(<10ps) the two dynamical regimes are superimposed.  

 
COLL 473 Experimental investigation of the dissolution of quartz by a muscovite mica surface: Implications 
for pressure solution  
Emily E. Meyer, Department of Physics, University of California, Santa Barbara, UCSB, Building 570, Room 1301, 
Santa Barbara, CA 93106, Fax: 805-893-7870, emmo@engr.ucsb.edu, George W. Greene, Department of Materials 
Science, University of California, Santa Barbara, James Boles, Department of Geological Sciences, University of 
California, and Jacob Israelachvili, Department of Chemical Engineering, University of California  

Using the Surface Forces Apparatus, which gives angstrom resolution of film thicknesses, we have measured 
dissolution of quartz sheets when pressed against muscovite mica surfaces in aqueous electrolyte solution, but no 
movement is observed in the dry case under similar pressures, indicating that this effect is not due to due to slow 
aging effects or plastic deformations of the quartz surface. Initial dissolution rates in the quartz-muscovite 
experiments range from 10 to 40 angstroms/minute, depending on the shape (circular or elliptical) of the quartz-
muscovite junction, and dissolution settles into a constant rate of approximately 0.1 angstroms/minute after several 
hours for all junction shapes. The dissolved quartz appears to reprecipitate outside the contact junction as a fragile 



silica gel, which may be the main factor limiting this rate of further dissolution. Rapid initial dissolution is seen despite 
the fact that these experiments are carried out at relatively low pressures (2-3 atm) and temperatures (25°C).  

 
COLL 474 Investigation of interfacial water in zeolite nanoporous spaces  
Tina M. Nenoff1, Nathan W. Ockwig2, Jason D. Pless1, Jacalyn Clawson3, Todd M. Alam4, Monika A. Hartl5, Hongwu 
Xu6, and Luke L. Daemen5. (1) Chemical and Biological Technologies, Sandia National Laboratories, PO Box 5800, 
MS 0734, Albuquerque, NM 87185-0734, Fax: 505-844-1480, tmnenof@sandia.gov, (2) Geochemistry Department, 
Sandia National Laboratories, (3) Department of Biomolecular and Chemical Analysis, Sandia National Laboratories, 
(4) Electronic and Nanostructured Materials Department, Sandia National Laboratories, (5) Manuel Lujan, Jr. 
Neutron Scattering Center, Los Alamos National Laboratory, (6) LANSCE-12, Los Alamos National Lab  

Zeolites and microporous materials are important materials for water purification. Sandia Octahedral Molecular 
Sieves (SOMS), Na2Nb1.6Ti0.4O5.6(OH)0.4·H2O, exhibits a high selectivity for divalent cations, which is orders of 
magnitude better than the sieves' end member Na2Nb2O6·H2O (103). Our research is focused on understanding 
the effect of the confined water on the ion selectivity in SOMS . Characterization methods include inelastic neutron 
scattering (INS), MAS NMR, crystallographic structure refinement, and modeling/simulation. INS and NMR data 
indicate that the water in Na2Nb1.6Ti0.4O5.6(OH)0.4·H2O is rotationally free, highly-mobile and bulk-like water 
species. The occluded water in Na2Nb2O6·H2O behaves Ice-like DFT calculations of 
Na2Nb1.6Ti0.4O5.6(OH)0.4·H2O supports the INS and NMR data of rotationally free waters in energetically 
favorable locations near the framework atoms. The correlation between structure and property of the materials 
studied will be discussed.  

Sandia is a multiprogram laboratory operated by Sandia Corporation, Lockheed Martin Company, for US DOE's 
NNSA, Contract DE-AC04-94-AL85000.  

 
COLL 475 Interfacial water in the zeolites clinoptilolite and heulandite  
Nathan W. Ockwig1, Tina M. Nenoff2, Luke L. Daemen3, Monika A. Hartl3, and Randall T. Cygan4. (1) Geochemistry 
Department, Sandia National Laboratories, PO Box 5800, MS 0754, Albuquerque, NM 87185, Fax: 505-844-7354 
NOCKWIG, NOCKWIG@sandia.gov, (2) Surface and Interface Sciences, Sandia National Labs, (3) Manuel Lujan, 
Jr. Neutron Scattering Center, Los Alamos National Laboratory, (4) Geochemistry Department, Sandia National Labs  

This study focuses on understanding the role of interfacial water in zeolite pore networks as a function of ion 
exchange ability and selectivity, as well as cation solvation. Our current efforts are concentrated on clinoptilolite-
heulandite, [Ca,Na,K,Li]4-6[Al6(Al,Si)4Si26O72]•24H2O, because of its importance in separation, ion exchange, and 
waste-water remediation technologies and the fact that little is understood about the dynamic behavior interfacial 
water plays in these materials. This presentation will focus on our efforts towards understanding the role of water in 
these materials. Large-scale MD simulations are used to derive equilibrium structures, enthalpies, and the dynamical 
behavior of various hydration states of these phases. In conjunction with VACF (velocity autocorrelation functions), 
the MD data is used to make direct comparisons to vibrational data from inelastic neutron scattering (INS) and other 
spectroscopies.  

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the US 
DOE's NNSA under contract DE-AC04-94AL85000.  

 
COLL 476 The behavior of water on rutile (TiO2) and cassiterite (SnO2) surfaces: The role of surface 
structure and bulk dielectric constant in H2O dissociation and structure  
James D. Kubicki, Dept. of Geosciences, The Pennsylvania State University, 335 Deike Building, University Park, 
PA 16802, Fax: 814-863-7823, kubicki@geosc.psu.edu, A. V. Bandura, St. Petersburg State University, and Jorge 
O. Sofo, Department of Physics, The Pennsylvania State University  

Periodic density functional theory (DFT) calculations using the programs CASTEP and VASP were carried out to 
model the H2O-TiO2 (rutile) and the H2O-SnO2 (cassiterite) (100) and (110) interfaces. These two minerals have the 
same crystal structures but different unit cell dimensions and dielectric constants. Hence, comparisons of the 



behavior of H2O at each surface can be used to test the effects of these two parameters on H2O dissociation and 
interfacial structure. Energy minimization and molecular dynamics (MD) simulations were conducted with periodic 
DFT methods to examine the relative energetic stability of a variety of configurations. In order to more completely 
sample configuration space, interatomic force fields were developed for the H2O-TiO2 and H2O-SnO2 interfaces 
using the program GULP. Thus, classical MD simulations could be carried out over longer time periods than practical 
with the DFT method. The force field reproduces structures calculated with DFT reasonably well and the relative 
energies of configurations are similar between the two methods. In addition, the effects of deprotonating the surfaces 
to mimic the negative surface charge on real surfaces are examined.  

 
COLL 477 Reconstitution of SNAREs and binding of C2 domains in supported bilayers  
Lukas K Tamm, Marta Domanska, David Murray, Chen Wan, and Volker Kiessling, Department of Molecular 
Physiology and Biological Physics, University of Virginia, PO Box 800736, Charlottesville, VA 22908  

Intracellular membrane fusion in vesicle transport and exocytosis is mediated by SNARE and several accessory 
proteins. The exact mechanism of how these various proteins interact with each other and with membranes is not 
well understood. We are attempting to reconstitute this process in a supported bilayer format. This will allow us to 
dissect the process by observing individual steps by enhanced video fluorescence microscopy. TIRF microscopy is 
used to measure the binding of soluble components to supported membranes, FLIC microscopy allows us to 
measure distances of fluorophors from the membrane surface, single molecule particle tracking is employed to 
measure lateral motions of complexes in the plane of the membrane, and FRET provides information on the local 
proximity of different molecules. Examples will be shown to demonstrate the build-up of fusion complexes in these 
membranes.  

 
COLL 478 Hydrogel stamping of bilayer arrays for screening membrane interactions and dynamics  
Michael Mayer, Department of Biomedical Engineering and Chemical Engineering, University of Michigan, 
Gerstacker Bldg., Room 1107, 2200 Bonisteel Blvd, Ann Arbor, MI 48109-2099, Fax: 734-763-4371, 
mimayer@umich.edu, and Sheereen Majd, Department of Biomedical Engineering, University of Michigan  

This talk will present a rapid, efficient, and economical method for fabricating arrays of supported lipid bilayers with 
various lipid compositions. The formation of these arrays is based on topographically patterned hydrogel stamps that 
can store small liposomes (SUVs) in the posts of the stamp. Short contact of the posts with a glass substrate 
delivers liposomes to the surface and generates arrays of fluid lipid bilayers by spontaneous spreading of the 
liposomes. The same stamp can then be used to pattern at least 100 additional substrates without the need for 
intermediate re-inking with liposomes. We demonstrate the use of the resulting membrane arrays for investigating 
drug membrane interactions, for quantifying protein membrane interactions, and for determining the effect of 
solvents, therapeutic drugs, and shear stress on the fluidity of biomembranes with various compositions.  

 

 
COLL 479 A molecular toolbox for tethered bilayer lipid membranes as a platform for membrane protein 
studies  
Inga K. Vockenroth1, Catherine Breffa1, Petia P. Atanasova1, Joanna R. Long2, and Ingo Koeper1. (1) Max-Planck-
Institute for Polymer Research, Ackermannweg 10, Mainz 55128, Germany, Fax: +49 6131 379 100, 
ingo.koeper@mpip-mainz.mpg.de, (2) Biochemistry and Molecular Biology and McKnight Brain Institute  

Tethered bilayer lipid membranes (tBLMs) present a very powerful model membrane platform. They are biomimetic 
surface architectures which allow for the systematic study of various membrane related processes, especially the 
function of incorporated membrane proteins.  



Based on a lipid bilayer membrane that is coupled via a polymeric spacer group to a solid substrate they provide not 
only excellent stability but also fluidity and high electrical resistance, necessary conditions for functional 
incorporation of membrane proteins.  

We have developed a molecular toolkit that we can use to create tBLMs which can host membrane proteins, e.g. ion 
channels. The functional incorporation of different channels, such as M2δ or alpha-hemolysin could be demonstrated 
using electrochemical impedance spectroscopy. Optical characterization of the system was achieved by surface 
plasmon resonance spectroscopy and neutron reflectivity measurements.  

 
COLL 480 Spontaneous spreading of phospholipids on low energy hydrophobic solids  
Babak Sanii and Atul N. Parikh, Applied Science, University of California, Davis, 3001 Engineering III, Davis, CA 
95616, bsanii@ucdavis.edu  

We have studied hydration-induced spreading of phospholipids from an unhydrated bulk onto wettability patterned 
surfaces. Lipids spread simultaneously as monolayers and bilayers on hydrophobic and hydrophilic regions of the 
substrate respectively. Because both morphologies spread from a single source we can perform direct quantitative 
comparisons of spreading behavior based on substrate wettability. Spatially resolved ellipsometry and 
epifluorescence measurements reveal both morphologies advance with the characteristic time dependence (~t^1/2) 
consistent with thin-film spreading analysis. The lipid monolayer morphology advances with a considerably higher 
kinetic spreading coefficient and with a different fluorescence profile. The larger spreading coefficient on low energy 
solids appears to be driven by energy released from structured, low-density water that was interacting with the 
hydrophobic substrate until lipids spread over it. We also report substrate-induced conversion of a spreading 
monolayer into a bilayer, confirming the ability of local substrate free-energy to control the spreading morphology.  

 
COLL 481 Using ionic strength to control the organization and three-dimensional shape of membranes  
Jennifer S. Hovis and Lee R. Cambrea, Department of Chemistry, Purdue University, 560 Oval Drive, West 
Lafayette, IN 47907-2084, Fax: 765-494-0239, jhovis@purdue.edu  

That membranes actively participate in cellular function is well known; however, the details of how they participate 
are, in many instances, not well understood. The cellular environment is in continual flux with molecules being 
created/imported and destroyed/exported. As such, it is interesting to consider how varying concentrations of 
molecules/ions affects cell function. In this talk we will show that ionic strength can be used to control both the 
organization and the three-dimensional shape of membranes. In particular, it will be shown that flat anionic 
membranes can be induced to form buds by changing the ionic strength on one side of the membrane. The 
implications this work has for understanding cellular processes will be discussed.  

 
COLL 482 Electrical properties of artificial bilayer membranes on solid supports  
Peter C. Searson, Department of Materials Science and Engineering, Johns Hopkins University, Baltimore, MD 
21218, searson@jhu.edu  

Artificial bilayer membranes on solid supports are model systems for biomembranes and provide a platform for 
devices based on their structural, sensing, and transport functions.  Artificial bilayers incorporating membrane 
proteins such as pores, ion channels, and receptor proteins, are important in drug discovery, biosensors, and for 
studying fundamental aspects of cell function.  In fabricating robust platforms for sensing and bioelectronic devices it 
is essential to determine the electrical properties of the membranes and their components.  Here the electrical 
properties of hybrid bilayers and supported membranes are discussed.  Hybrid bilayers were formed from self-
assembled monolayers of octadecanethiol (ODT) on gold with an outer leaflet of dioleoylphosphatidylcholine 
(DOPC).  Results are also presented for supported bilayer membranes of dioleoyltrimethylammonium propane 
formed on silicon.  As an example, Figure 1 shows the potential dependence of the admittance for a Au/ODT/DOPC 
hybrid bilayer with 9mol% gramicidin in PBS, illustrating diode-like behavior.  



 

 
COLL 483 Anomalous attraction of membrane-coated colloidal particles  
Esther M. Winter, Department of Chemical Engineering, University of California, Berkeley, 106 Lewis Hall, 
Berkeley, CA 94720, ewinter@berkeley.edu, Nathan G. Clack, Biophysics Graduate Group, University of California, 
Berkeley, and Jay T. Groves, Department of Chemistry, University of California, Berkeley  

Lipid bilayers can be assembled onto the surface of silica particles creating a continuous and fluid membrane 
coating. The collective behavior of two-dimensional dispersions of membrane-coated particles is influenced by 
properties of the membrane surface. Here, colloidal interactions in a system consisting of membrane-coated 
particles electrostatically levitated above a planar supported membrane are explored. We observe that the particle-
particle interaction is continuously tunable, from repulsive to having long range attraction depending on the net 
charge content and surface potential of the coating membrane. Results suggest a highly unusual mechanism based 
on like-charge attraction.  

 
COLL 484 Technologies for creating and strengthening artificial membranes  
Noah Malmstadt, Tae-Joon Jeon, and Jacob Schmidt, Department of Bioengineering, UCLA, 7523 Boelter Hall, Los 
Angeles, CA 90095, noahmalm@ucla.edu, schmidt@seas.ucla.edu  

Channel proteins play crucial biological roles and recent work has also shown their potential as rapid and sensitive 
single molecule sensors. Techniques conventionally used to create the freestanding lipid membranes housing these 
proteins have shortcomings. They can be problematic to form and are fragile. We have developed two new 
technologies to address these problems: in situ hydrogel encapsulation of lipid membranes and automated 
microfluidic formation. The encapsulated membranes are encased within a hydrogel which molds to it on almost 
molecular length scales. They are mechanically robust and long-lived as a result of the intimate contact, enabling 
measurements of single channel currents for a week or longer. The microfluidic formation apparatus enables the 
creation and manipulation of lipid membranes and the incorporation and measurement of channel proteins in these 
membranes through a novel two phase fluid extraction. This device geometry is particularly amenable to scaling and 
automation.  

 
COLL 485 Supramolecular templating of nanoporous catalysts  
Jackie Y. Ying, Institute of Bioengineering and Nanotechnology, 31 Biopolis Way, The Nanos, #04-01, Singapore 
138669, Singapore, Fax: 65-6478-9080, jyying@ibn.a-star.edu.sg  

Nanostructured materials are of interest for a variety of applications. This talk describes the synthesis of novel 
nanoporous materials with tailored oxidation states, coordination chemistry and electronic structure. We have found 
that sol-gel processing can be combined with supramolecular templating agents in deriving well-defined porous 
structures of a variety of metal oxides. Through ligand interaction between metal alkoxide precursors and surfactant 
head groups, we have successfully derived a family of stable mesoporous and microporous transition metal oxide 
molecular sieves (termed TMS) with hexagonally-packed cylindrical pore structures. The compositional flexibility and 
pore size tailoring of the TMS system open new possibilities for catalytic applications beyond the silicate-based 
zeolitic materials or mesoporous MCM-41 structures. Besides surfactant templates, we have also utilized triblock 
copolymers for the synthesis of mesoporous tungstated metal oxides with nanocrystalline colloidal building blocks for 
solid acid catalysis. Lastly, the combination of triblock copolymer and oil has been introduced to derive siliceous 



mesocellular foams with open, ultralarge mesopores. These unique materials have been used to immobilize various 
organometallic, organic and enzyme catalysts for a broad range of reactions. These heterogenized catalysts provide 
for excellent activity, enantioselectivity and recyclability.  

 
COLL 486 Enzyme stabilization involving molecular evolution and immobilization in mesoporous materials  
Haruo Takahashi and Chie Miyazaki-Imamura, Biotchnology Lab, Toyota Central R&D Labs., Inc, 41-1 Yokomichi, 
Nagakute, Aichi-Gun, Aichi, Japan, Fax: +81-561-63-6498, e1092@mosk.tytlabs.co.jp  

We have developed a molecular evolution system, SIMPLEX (single-molecule PCR-linked in vitro expression). Miss 
folding is a serious problem, when heterologous proteins were expressed. However, some enzymes which contain 
complex 3D-structure could be evolved its functional capability using chaperon containing extract by SIMPLEX 
system. The screening of independently expressed manganese peroxidase (MnP) mutants for improved H2O2 
stability gave four positive mutants, of which the H2O2 stability was up to nine times higher than that of the wild-type. 
On the other hand, enzymes were successfully stabilized in mesoporous materials. Surface characteristics and pore 
diameter of mesoporous materials were important for enzyme adsorption or stabilization. An immobilized MnP 
mutant in mesoporous material showed high H2O2 stability, i.e. more than 50 fold that of the wild type MnP. But the 
stability of the immobilized wild type MnP was not improved as much as that of the immobilized mutant MnP. MnP 
immobilized in mesoporous materials could be applied to a ligneous bleaching system. The combination of 
molecular evolution and immobilization in mesoporous materials would be important for enzyme stabilization.  

 
COLL 487 Hybrid molecular sieve supported biocatalysts  
Kenneth J. Balkus Jr.1, Rita Shih-Wei Huang2, Thomas J. Pisklak3, and Minedys Macias1. (1) Department of 
Chemistry and the UTD NanoTech Institute, University of Texas at Dallas, Richardson, TX 75083-0688, Fax: 972-
883-2925, balkus@utdallas.edu, (2) Department of Chemistry, University of Texas at Dallas, (3) Department of 
Chemistry, The University of Texas at Dallas  

Soon after the discovery of mesoporous molecular sieves, we recognized that the mesopore sizes are in the range 
of biomolecules, including enzymes and redox active proteins. There have been a surprisingly large number of 
studies directed at bioadsorption/ biocatalysis using mesoporous molecular sieves since our original report. The 
molecular sieve host materials have largely been composed of silica or surface functionalized silica. However, the 
family of mesoporous materials has now grown to include a wide variety of compositions and pore architectures. So 
there is now a potential for generating synergistic behavior between the enzyme and host molecular sieve. 
Semiconductor compositions such as TiO2 could facilitate photochemical or electrochemical electron transfer 
reactions. Certain periodic mesoporous organosilicas (PMOs) may also promote electron transfer and function as a 
co-factor for encapsulated enzymes. By way of example, we have immobilized micropoeroxidase (MP-11) in a 
variety of mesoporous metal oxides and PMOs as well as metal organic frameworks. Microperoxidase-11 was 
physically absorbed from solution into the mesoporous materials and characterized by XRD, UV-Vis, CD, FT-IR, N2 
adsorption and electrochemistry. The reactivity of supported MP-11 will be described for the conversion of Amplex® 
UltraRed, methylene blue and methylstyrene to their respective oxidation products.  

 
COLL 488 Proteins in mesoporous silicates  
Sarah Hudson, Simon White, Hayder Essa, Dimple Goradia, Jakki Cooney, B. Kieran Hodnett, and Edmond 
Magner, Materials & Surface Science Institute, University of Limerick, Limerick, Ireland, Fax: 3530610213529, 
sarah.hudson@ul.ie, edmond.magner@ul.ie  

Mesoporous silicates (MPS) possess large surface areas (up to 1000 m2 g-1), highly ordered pore structures and 
very tight pore size distributions; properties which have made these materials attractive candidates for a wide range 
of applications in catalysis, sensor, and separation technologies. A systematic examination of the interactions 
between proteins and MPS showed that the amount and stability of adsorbed protein depended on the MPS pore 
diameter, isoelectric point (of both the protein and MPS), degree of hydrophilicity/ hydrophobicity and on the type of 
surfactant template used to synthesise the MPS. The adsorption of a range of enzymes on to MPS has been 
examined: trypsin, pepsin, horseradish peroxidase, glucose oxidase, subtilisin, lipases, and xylanase. Surprisingly, 
the rate of reaction is not diminished when the enzymes are held within the pores, indicating that there are no 
diffusional limitations. Substantial rate enhancements (1000-fold) have been observed in non-aqueous solvents.  



 
COLL 489 Biocatalysis at nanoscale environments  
Ping Wang, Department of Chemical and Biomolecular Engineering, The University of Akron, 200 E. Buchtel 
Commons, Akron, OH 44325, wangp@uakron.edu  

Synergizing with materials chemistry, nanostructures have manifested a great potential in enabling unique 
biocatalysis beyond the scope of traditional immobilized enzymes. In most cases, nanostructures have been applied 
for large surface area per unit mass. Our recent studies showed, on the other hand, nanoscale environments also 
impact the performance of enzymes via several different mechanisms. We have observed that the mobility of 
nanoparticles may affect the intrinsic reaction kinetics of particle-attached enzymes, and the nanopores that have 
similar curvature as protein molecules can stabilize the enzyme significantly. By confine multiple enzymes into a 
nanoscale space, molecule vibration may also effect interactions between different component and thus enable 
unique multi-step reactions. All of these points to an exciting area that high efficiency of catalysis and unique 
reaction pathways can be achieved via manipulating the reaction environment at nano-scale.  

 
COLL 490 Biomimetic methods for enzyme encapsulation  
Melanie M. Tomczak1, Heather R. Luckarift2, Helen Smith1, Lawrence L. Brott1, Glenn Johnson2, and Rajesh R. 
Naik1. (1) Materials and Manufacturing Directorate, MLPJ Biotechnology Group, Air Force Research Laboratory, 
3005 Hobson Way, Wright-Patterson Air Force Base, Dayton, OH 45433, Melanie.Tomczak@wpafb.af.mil, (2) 
Tyndall AFB, FL 32403  

In nature, many organisms use peptides and proteins to template the growth of inorganic structure, the most striking 
being the intricate silica shell of diatoms. Over the past decade several groups have made advances in templating 
inorganic nanostructures with peptides and proteins, using lessons learned from nature. Using this biomimetic 
approach, nanostructures have been formed at room temperature and neutral pH in aqueous solutions. Our groups 
have advanced these studies by showing that enzymes can be encapsulated into silica structures using biomimetic 
approaches. The encapsulated enzymes are stabilized against heat, dessication and room temperature storage, and 
can be recycled. Here we will present results showing that the encapsulation matrix can be patterned using inkjet 
printing technology. This represents a significant advancement for the field of enzyme encapsulation. A patterned 
encapsulation system would allow for the system to be used as a sensor, for example. Additionally, we have 
broadened the system for enzyme encapsulation by using titanium dioxide as the encapsulation matrix. The goal of 
this system would be the coupled photocatalysis and enzyme activity through excitation of the titanium dioxide.  

 
COLL 491 Structural properties of green fluorescent protein in artificially crowded environments  
Hugh O'Neill, Latasha Garrett, Barbara R. Evans, and Elias Greenbaum, Chemical Sciences Division, Oak Ridge 
National Laboratory, P.O. Box 2008, Oak Ridge, TN 37831  

Amorphous glasses formed by the sol-gel route provide non-native environments for investigating biomolecules at 
the biotic/abiotic interface. These studies yield important information for designing novel bioinspired functional 
materials. The properties of ensembles of individual molecules can be examined in the absence of aggregation that 
can occur in solution. Wild-type green fluorescent protein from Aqueorea coerulescens was entrapped in sol-gels. 
Methyltrimethylorthosilicate and ethyltrimethylorthosilicate were used to modify the properties of the sol-gel matrix. 
The effect of solvent polarity and the pH dependent unfolding and refolding reactions of GFP were investigated by 
UV-visible absorption spectrophotometry, circular dichroism (CD) spectropolarimetry, and fluorescence 
spectroscopy. The CD and fluorescence properties of GFP in sol-gels remained unchanged in the presence of 95% 
(v/v) methanol. However the protein lost all activity in 80% (v/v) methanol in solution. The pH dependent unfolding 
and refolding kinetics of GFP the silica gels will be presented.  

 
COLL 492 Redox-active biocompatible surfactant with folded structure: Enhancing the stability of self-
inclusion complex of ferrocene in cyclodextrin  
Yan-Yeung Luk1, Yongbin Han2, Kejun Cheng2, and Yanmei Lan2. (1) Department of Chemistry; Department of 
Biomedical and Chemical Engineering, Syracuse University, 1-014 CST, 111 College Place, Syracuse, NY 13244, 
Fax: 315-443-4070, yluk@syr.edu, (2) Department of Chemistry, Syracuse University  



Biocompatible surfactants have found great utility in membrane protein recrystallization, unraveling one of the most 
fascinating structures of life machinery. In this work, we present the design and synthesis of a switchable and 
biocompatible amphiphile consists of a ferrocenyl alkene tethered to a cyclodextrin (CD). The conformation of this 
molecule can be reversibly controlled by electrochemical means. While the reduced state of this amphiphile can 
exist in a wide range of conformations, it folds into a unique structure. By comparing different covalent linkages 
between the ferrocene and CD, the stability of the self-inclusion complex is enhanced by the bond rigidity. We further 
demonstrate that the assembly of this amphiphile does not denature membrane protein – bacteriorhodopsin.  

 
COLL 493 The impact of in situ X-ray absorption spectroscopy on catalysis  
Simon R. Bare, UOP LLC, 25 East Algonquin Road, Des Plaines, IL 60016, Fax: 847-391-3719, 
simon.bare@uop.com  

The modern advent of X-ray absorption spectroscopy (XAFS) began in 1971 with the publication of the pioneering 
paper by Sayers, Stern and Lytle. It was only two years later that the first EXAFS paper was published that 
mentioned catalysis. In the last ten years there have been an average of 330 papers published per year that mention 
“XAFS and Catalysis”, with approximately 20% of these conducted under in situ conditions. So, what has all this 
research provided to the field of catalysis? What have we learned? In this talk I will present my personal view of the 
impact that this body of work has had on our understanding of heterogeneous catalysis, with particular emphasis 
that the spectroscopy has had in UOP's research. The overall goal of this work is to identify the precise atomic level 
detail of the catalytically active site, under operating conditions, and understand how the specific details of the 
catalyst preparation and catalyst activation affect the site, and moreover how different operating conditions affect the 
site. The assumption is that if we can identify this site, and understand the factors that affect it, then we can design 
from the ground up a better catalyst with improved performance. This is the so-called “structure-reactivity” 
relationship. These ideas will be explored using examples from my own research, and from the vast published body 
of work in this area.  

 
COLL 494 Surface structure under reaction conditions  
Miquel Salmeron, Materials Sciences Division, Lawrence Berkeley National Laboratory, MS 66-200, One Cyclotron 
Road, Berkeley, CA 94720, salmeron@stm.lbl.gov  

We use two microscopic and structural techniques to investigate the electronic and geometric structure of model 
catalysts under reaction conditions. Using Scanning Tunneling Microscopy we explore elementary reaction steps by 
following the diffusion and aggregation or reactants. We also use the tip of the STM to promote reactions via 
excitation of specific vibrational and electronic states. By operating under equilibrium pressure of reactant gases we 
ensure that the structures observed are the ones that are relevant under the reaction conditions. Electronic structure 
is studied in another instrument, the High Pressure Photoelectron Spectrometer, recently developed, that makes 
possible to obtain electron spectra of states in the core and valence band. The power of these methods will be 
illustrated in reactions involving NO, CO, O+H, oxidation and H2O dissociation.  

 
COLL 495 Attraction at a distance: The effects of substrate-mediated interactions on surface chemistry  
Paul S. Weiss, Departments of Chemistry and Physics, The Pennsylvania State University, 104 Davey Laboratory, 
University Park, PA 16802, Fax: 814-863-5516, stm@psu.edu  

Long-range intermolecular interactions mediated by the substrate are responsible for many effects on surfaces, 
including molecular ordering, formation of nanostructures, and aligning reactive intermediates in catalysis. We use 
scanning tunneling microscopy to probe the perturbations in the local (and extended) electronic structure directly, the 
resulting substrate-mediated interactions, and the effects of these interactions on the adsorbate structures and 
motion. We show that these interactions remain important in the placement of adsorbates at elevated temperatures 
and at ranges of tens of Ångstroms. Substrate-mediated interactions can also produce extended strings of 
intermediates that are not yet covalently bound. We describe our efforts in quantifying these interactions by 
recording both the locations and motion of many thousands of molecules. We describe a series of studies ranging in 
strength from systems with weak interactions (under 1 kJ/mole/molecule) all the way up to reactive systems.  

 



COLL 496 Surface chemistry in confined geometries  
James D. Batteas, Department of Chemistry, Texas A&M University, P.O. Box 30012, College Station, TX 77842, 
Fax: 979-845-4719  

Confined geometries present an interesting environment for the study of interfacial chemistry. For example, the 
interaction of an atomic force microscope tip with a surface provides a spatially confined interface where high 
pressures within a finite contact area of nanoscopic dimensions provide unique environments for tribochemistry to 
occur. Nanopatterning of self-assembled monolayers affords another approach to locally confining molecules and 
allows for studies of chemical self-assembly in confined geometries as well as studies of the physical behavior of 
small ensembles of molecules and particles. In this talk, examples of how spatial confinement on the nanoscale 
impacts molecular assembly and surface chemical reactions and will be discussed with applications to nanotribology 
of oxides, molecular lubricant layers and chemical assembly of molecules and nanoparticles for optoelectronic 
devices.  

 
COLL 497 Surface modification for improved charge injection in organic light emitting diodes  
Steven L. Bernasek, Department of Chemistry, Princeton University, Frick Chemical Lab, Princeton, NJ 08544, Fax: 
609-259-1593  

Barriers to charge injection occur at interfaces in novel organic/inorganic hybrid electronic devices such as organic 
light emitting diodes (OLEDs). Modification of the anode or cathode interface in such devices can be used to control 
this barrier and subsequent charge transport in the device. Surface dipole manipulation is one route to control this 
charge injection barrier. Another is to prepare strongly attached doped layers at the interface via appropriate self-
assembly routes. We describe methods of surface functionalization that allow the realization of this barrier control on 
indium tin oxide anode surfaces. These routes focus on ligand exchange chemistry or phosphonate self-assembled 
monolayer formation followed by carrier doping, and are utilized to construct OLED devices with considerably 
improved performance as compared to organic MBE produced devices. Characterization of the monolayer interfaces 
formed by these routes, and the device performance based on them are discussed.  

 
COLL 498 Nanowire self-assembly using surface forces  
Zhiyong Gu1, Hongke Ye1, and David H. Gracias2. (1) Department of Chemical and Biomolecular Engineering, 
Johns Hopkins University, 3400 N Charles Street, Fax: 410-5165510, zgu@jhu.edu, (2) Department of Chemical and 
Biomolecular Engineering and Department of Chemistry, Johns Hopkins University, 3400 N Charles Street, 125 
Maryland Hall, Fax: 410-516-5510, dgracias@jhu.edu  

Nanowires that can be fabricated with metallic and semiconducting segments provide an attractive building block for 
the fabrication of functional nanoscale integrated systems. Assembling functional nanowire structures in 2 and 3 
dimensions, however still remains extremely challenging.  

This talk will describe the strategy of surface modification and interfacial patterning of nanowires to guide their 
assembly into networks and 3D structures. We utilize interfacial molecular coupling agents and modify interfacial 
diffusion to guide the bottom-up assembly of metallic nanowires to form permanently bonded structures.  

In addition to detailing the self-assembling strategies used, the talk will describe examples of applications of 
nanowire self-assembled aggregates in electronics and 2D and 3D spatial sensors. The sensors utilize surface 
enhanced Raman spectroscopy (SERS) and electronic current-voltage measurements to detect analytes adsorbed 
on the nanowire networks. In particular we will focus on the sensing of analytes using 3D networks to facilitate 
spatial sensing of a chemical analyte with sub-micron scale resolution.  

 
COLL 499 Surface modification of nanocrystalline ZnO: Effects on optical properties  
Diane M. Steeves, U.S. Army Research, Development & Engineering Command, Natick Soldier Center, Kansas 
Street, Natick, MA 01760, Fax: 508-233-5521, Diane.Steeves@us.army.mil, and Jason W. Soares, MST/SS&TD, 
US Natick Soldier Center  



Nanocrystalline zinc oxide (nano-ZnO) is a wide bandgap semiconductor that has been the subject of much research 
due to its potential applications in the areas of photonics, electronics and sensors. One property that makes nano-
ZnO particularly desirable is its promise as a novel photonic material in the UV region. A high exciton binding energy 
of 60meV provides for an efficient excitonic emission at room temperature with low excitation energy. Although 
nano-ZnO possesses the room temperature UV excitonic emission, it is susceptible to quenching, leaving the visible 
green luminescent band as the predominant electronic transition. Our research focuses on nano-ZnO surface 
modification and its role in stabilizing and enhancing the room temperature UV emission, compared to as-produced 
material. Surface characterization techniques were utilized to provide insight into the surface stabilization 
mechanism. Furthermore, surface functionalized nano-ZnO was probed as an optical indicator for the formation of a 
nanocrystal/biomolecule complex. The investigation of surface modified nano-ZnO and its role in UV emission 
behavior provides information regarding the complex nature of nano-ZnO surface passivation and how that may be 
used to affect changes to the inherent nano-ZnO emission for the design of new optically responsive materials. An 
ancillary benefit of our studies will be discussed regarding the improved dispersion of the nanoparticles within 
various matrices as a result of the surface functionalization.  

 
COLL 500 Meniscus effects: A new model for ink transport in dip-pen nanolithography  
Brandon L Weeks, Omkar Nafday, and Mark W. Vaughn, Department of Chemical Engineering, Texas Tech 
University, Lubbock, TX 79409, brandon.weeks@ttu.edu  

Doughnut shaped dots were patterned with mercaptohexadecanoic acid ink by Dip-pen Nanolithography. These dots 
have a hollow inner core and are different from the filled dots usually obtained when writing with MHA. A new 
diffusion model will be presented suggesting that the transport of ink occurs on the surface of the meniscus. In 
addition, meniscus effects will be presented showing the condensation of the meniscus should be accounted for 
DPN ink transport. The meniscus was observed to take many minutes to reach an equilibrium state. The observed 
growth rate is similar to initial patterning rates observed from Dip-pen Nanolithography and suggest that the 
meniscus growth may be the rate limiting step in initial pattering rates.  

 
COLL 501 Catalytic nanodiode: Detection of continous hot electron current induced from exothermic 
catalytic reaction  
Jeong Y. Park, J. R. Renzas, A. M. Contreras, and Gabor A. Somorjai, Department of Chemistry, University of 
California, Berkeley, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, jypark@lbl.gov  

Exothermic catalytic reactions induce electronic excitation at the metal surface, leading to the production of energetic 
hot electrons. We monitored the flow of hot electrons for over several hours using two types of metal-semiconductor 
Schottky diodes, Pt/TiO2 or Pt/GaN, during the platinum catalyzed oxidation of carbon monoxide. The thickness of Pt 
film used as the catalyst was 5 nm, less than the electron mean free path, resulting in the ballistic transport of hot 
electrons through the metal. The electron flow was detected as a chemicurrent if the excess electron kinetic energy 
generated by the exothermic reaction was larger than the effective Schottky barrier formed at the metal-
semiconductor interface. The chemical stability and reversibility of chemicurrent were tested. The chemicurrent was 
well correlated with the turnover rate of CO oxidation separately measured by gas chromatography, suggesting the 
possibility of application as chemical sensors with high sensitivity. We will discuss the role of hot electrons in the 
metal-oxide heterogeneous catalysis.  

 
COLL 502 Influence of physical and electrical properties of Pt/TiO2 and Pt/GaN catalytic nanodiodes on 
reaction turnover and the detection of hot electron currents  
J. Russ Renzas, Jeong Y. Park, and Gabor A. Somorjai, Department of Chemistry, University of California, 
Berkeley, Lawrence Berkeley National Laboratory, Berkeley, CA 94706, somorjai@berkeley.edu  

Catalytic nanodiodes are fabricated to obtain hot electron current induced from exothermic catalytic reactions. Two 
types of nanodiodes, Pt/TiO2 and Pt/GaN, were fabricated with the deposition of layers through metallic masks. Hot 
electron chemicurrent was measured during oxidation of carbon monoxide at pressures of 100 Torr of O2 and 40 
Torr of CO at 373 ~ 523 K. Composition and morphology of metallic (Pt) and semiconducting (TiO2 and GaN) layers 
are probed using X-ray photoemission spectroscopy, scanning auger microscopy, scanning electron microscopy, 
and atomic force microscopy. Schottky barrier height and diode ideality of diodes are measured using Four Point 



Probe, and capacitance-voltage curve analysis. The influence of the physical and electrical properties of the metal-
oxide interface on reaction turnover and chemicurrent obtained during CO oxidation was studied. We will discuss the 
relationship between the chemicurrent collection efficiency, and electrical properties of metal-oxide interface and 
catalytic reaction turnover.  

 
COLL 503 Measurements of atom dynamics in atomically engineered nanostructures  
J. A. Stroscio, R. J. Celotta, J. N. Crain, F. Tavazza, and A. Chaka, National Institute of Standards and Technology, 
100 Bureau Drive Stop 8412, Gaithersburg, MD 20899-8412  

The exciting ability to manipulate single atoms with the scanning tunneling microscope (STM) stirs our imaginations 
because of the possibilities that exist in building unique nanostructures. STM atom manipulation can be 
accomplished using tunable chemical interactions between the probe and adatom and electron excitation 
mechanisms involving the tunneling electrons. Tunneling noise spectroscopy provides a convenient means of 
monitoring and studying the manipulation process [1]. Using tunneling noise spectroscopy, the quantum yield for 
exciting the motion of a single atom within a molecular nanostructure was measured with atomic spatial resolution. 
The molecular nanostructures consisted of a series of CoCun and CoCunCo linear molecules fabricated on a 
Cu(111) surface. The Co atoms at the end of the molecules were induced to switch between two lattice positions 
using electron excitation in a scanning tunneling microscope. Above an electron energy threshold, the Co atom 
motion resulted from a predominantly single electron process. By systematically varying the molecular structure, 
atom motion within the molecule was shown to be dependent on molecular length and composition. Energy barriers 
for atom motion were calculated using Density Functional Theory and compared to experiment.  

This work is supported in part by the Office of Naval Research. [1] J.A. Stroscio and R. J. Celotta, Science 306, 242 
(2004).  

 
COLL 504 Manipulation of C60 on the Si(001) surface  
Lev Kantorovich and Natalia Martsinovich, Department of Physics, King's College, Strand, London WC2R 3LS, 
United Kingdom, lev.kantorovitch@kcl.ac.uk  

We use ab initio density-functional theory (DFT) to demonstrate for the first time the crucial role played by the 
STM/AFM tip in manipulating a molecule on a chemically active surface. By analysing adsorption sites, we predict all 
transition paths for the C60 molecule across the anisotropic Si(001) surface. We find tip-C60 bond formation across 
all simulated manipulation paths which affects the atomic-scale detail of the pivoting mechanism. Finally, we propose 
a dynamic model for AFM manipulation for vertically oscillating tip. We show that at some specific lateral tip positions 
the barrier for the molecule to pivot to another stable adsorption site is greatly reduced. The crucial role played by 
temperature and AFM electronics is discussed using combined virtual AFM and Kinetic Monte Carlo modelling, 
revealing manipulation signatures to be expected in real AFM experiment.  

 
COLL 505 Manipulation of individual water molecules and its dissociative products by scanning tunneling 
microscopy  
Aitor Mugarza, Tomoko K. Shimizu, D. Frank Ogletree, and Miquel Salmeron, Materials Sciences Division, 
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, Fax: 510-486-6044, 
amugarza@lbl.gov  

Individual water molecules adsorbed on the Ru(0001) surface, and hydroxyl and hydrogen resulting from water 
decomposition, have been manipulated using the tip of a scanning tunneling microscope at 6 K. Mixtures of H2O, OH 
and H were obtained by annealing the surface above 140K. When the O-H stretch mode of H2O was selectively 
excited by tunneling electrons, water molecules either diffused on the surface or desorbed, the probability for each 
case depending on the tunneling parameters. Excitation of lower-energy vibrational modes did not lead to diffusion. 
For water clusters, excitation of the O-H stretch mode induced, apart from diffusion, the formation or breaking of 
hydrogen bonds. In this way clusters of several molecules could be created or dissociated. OH could be dissociated 
by multiple excitation of the O-H stretch mode, desorbing the hydrogen and leaving a chemisorbed oxygen atom. H 
diffusion or desorption could also be induced by the tip.  



 
COLL 506 Exploring and manipulating fullerenes at the single molecule level  
M. F. Crommie, Department of Physics, University of California at Berkeley, 366 LeConte Hall #7300, Berkeley, CA 
94720, crommie@berkeley.edu  

Fullerene molecules provide powerful building blocks for creating nanostructures with unique electronic properties. 
The flexible nature of these molecules arises from a combination of molecular orbital geometry, Coulomb 
interactions, and electron-phonon coupling. We have used scanning tunneling microscopy to examine and 
manipulate these factors in order to explore fullerene molecules in different physical regimes. We find that it is 
possible to reversibly change the charge and magnetic state of individual C60 molecules through single-atom 
doping, and we have spatially mapped electron-phonon interaction strengths over the surface of single fullerene 
molecules. We find that when fullerenes are packed into 2-dimensional assemblies then molecular electron-electron 
and electron-phonon effects combine to create novel long-range order.  

 
COLL 507 Tracking chemical bond formation between a metallic probe and a single molecule  
John J. Boland1, Borislav Naydenov1, Peter Ryan1, and Lucile C. Teague2. (1) School of Chemistry and Centre for 
Research on Adaptive Nanostructures and Nanodevices (CRANN), Trinity College Dublin, College Green, Dublin, 
Ireland, jboland@tcd.ie, (2) National Institute of Standards and Technology  

We present a study that maps out chemical bond formation between a Pt-inked probe and a single 1,3-
cyclohexadiene (1,3-CHD) molecule on Si(100). By defining an appropriate tunneling energy window we separate 
the mechanical and electronic contributions to the current during the approach to contact and bond formation. We 
show that there are significant forces between the probe and the C=C of the molecule and we track the relaxation of 
the molecule, the emergence of a chemical bond feature in the LDOS and the quenching of specific molecular 
vibrations during bond formation. We discuss the application of this method to surface reaction dynamics.  

 
COLL 508 Scanning tunneling microscopy of adsorbates on insulating films: From the imaging of individual 
molecular orbitals to the manipulation of the charge state  
Jascha Repp, IBM Zurich Research Laboratory, Saeumerstrasse 4, 8803 Rueschlikon, Switzerland, Fax: +41 44 
724 8966, jre@zurich.ibm.com  

Ultrathin insulating films on metal substrates are unique systems to use the scanning tunneling microscope to study 
the electronic properties of single atoms and molecules, which are electronically decoupled from the metallic 
substrate. Individual gold atoms on an ultrathin insulating sodium chloride film supported by a copper surface exhibit 
two different charge states, which are stabilized by the large ionic polarizability of the film. The charge state and 
associated physical and chemical properties such as diffusion can be controlled by adding or removing a single 
electron to or from the adatom with a scanning tunneling microscope tip. In the case of molecules on ultrathin NaCl 
films the electronic decoupling allows the direct imaging of the unperturbed molecular orbitals, as will be shown in 
the cases of individual pentacene and oligothiophene molecules. Scanning tunneling spectroscopy of these double-
barrier tunneling-junctions reveals strong electron-phonon coupling to NaCl phonons.  

 
COLL 509 Reduction of chromate by ferrous iron and green rust: A comparison of homogeneous vs. 
heterogeneous electron transfer rates  
Matthew C. F. Wander, Department of Geosciences, Stony Brook University, Center for Environmental Science 
(CEMS), Stony Brook, NY 11743, mwander@notes.cc.sunysb.edu, Kevin M. Rosso, Pacific Northwest National 
Laboratory, and Martin A Schoonen, Department of Geosciences, Center for Environmental Molecular Science, 
Stony Brook University  

Chromate is a significant component of many radioactive pollutant plumes. One favored remediation technique is the 
addition of scrap metal iron. The reactive surface of zero valent iron in alkaline waters is a ferrous iron coating such 
as “green rust” [Fe(II)2Fe(III)4(OH)12An, where An= Cl-1,SO4

-2, CO3
-2 etc.].  Using a combination of density functional 

theory calculations and electron transfer theory, we have modeled the adsorption and reduction kinetics of chromate 
at the basal surface of Fe(OH)2, a green rust analogue.  We compare rates in this heterogeneous system to rates 
predicted for homogeneous reduction of chromate by Fe+2

(aq) in an effort to understand chemical mechanisms and 



identify fastest pathways for this type of remediation system.  Homogeneous reduction proceeds through an inner-
sphere mechanism whereas an outer-sphere mechanism involving proton coupled electron transfer is followed for 
the heterogeneous reduction case.  Overall experimentally observable chromate reduction rates for the two cases 
will be presented.  

   

 
COLL 510 Mössbauer investigation of Fe(II) reactions with hematite  
Philip Larese-Casanova and Michelle M. Scherer, Civil and Environmental Engineering, University of Iowa, 4015 
Seamans Center, Iowa City, IA 52242, plaresec@engineering.uiowa.edu  

To better understand the availability of Fe(II) for contaminant reduction in subsurface environments, we are using the 
isotope specificity of 57Fe Mössbauer spectroscopy to study the reactions between aqueous Fe(II) and hematite 
(alpha-Fe2O3). Fe(II) adsorption isotherms and pH edges were measured using aqueous 57Fe(II) exposed to 
56Fe(III)-hematite. We observed oxidation of the 57Fe(II) over the entire adsorption isotherm and pH edge. An Fe(II) 
species was observed at surface-bound Fe(II) concentrations greater than 140 umole Fe(II) / g hematite, which 
corresponds with a leveling in the isotherm and an estimated monolayer coverage. The results suggest that electron 
transfer to structural Fe(III) has a limit above which surface Fe(II) may form. Mössbauer spectra at 13 K reveal the 
bulk 57hematite alone transitions from a weakly ferromagnetic to an antiferromagnetic state, but the adsorption of 
56Fe(II) on 57hematite resulted in the preservation of a weakly ferromagnetic phase at 13 K.  

 
COLL 511 Pathways for reductive transformation of hematite: Surface specific iron cycling  
Svetlana V. Yanina1, Kevin M. Rosso1, and Paul Meakin2. (1) Chemical Sciences Division, Pacific Northwest 
National Laboratory, 3335 Q Avenue, K8-96, Richland, WA 99352, Fax: 509-376-3650, svetlana.yanina@pnl.gov, 
(2) Idaho National Laboratory  

Redox transformation of iron-oxide minerals is a ubiquitous process that is central to the biogeochemical cycling of 
iron. Iron oxides can be transformed by reductive dissolution followed by precipitation of new phases. The process is 
thought to involve an autocatalytic stage when released Fe(II) re-encounters and reduces the hematite surface. We 
have investigated the reductive dissolution of a number of specific hematite single crystal surfaces with selective 
control of surface exposure. Our results show that in this system dissolution is uniquely coupled to simultaneous 
crystal growth, and overall dissolution dynamics is determined by the relative abundance of dissolving and growing 
crystal faces. The (012) and the (113) surfaces undergo both the nonspecific and defect-driven dissolution, whereas 
the (001) surfaces grow. We propose that the growth of the (001) hematite involves preferential re-adsorption of the 
dissolved iron onto the (001) surface, where it re-oxidizes and is incorporated back into the hematite structure.  

 
COLL 512 Pathways for reductive transformation of iron oxides  
Kevin M. Rosso1, Sebastien Kerisit2, Svetlana V. Yanina2, and Paul Meakin3. (1) Pacific Northwest National 
Laboratory, Richland, WA 99352, (2) Chemical Sciences Division, Pacific Northwest National Laboratory, (3) Idaho 
National Laboratory  

Reductive transformation of Fe(III)-oxides by dissolution/re-precipitation is an important part of the biogeochemical 
iron cycle, but mounting evidence suggests that transformation mechanisms are not as simple as once thought. 
Some Fe(III)-oxides such as hematite have a propensity for fast charge redistribution by solid-state electron 
transport. Recent evidence suggests that hematite reduction involves the segregration of mobile charges to specific 
crystallographic regions. Using atomic force microscopy, we have found that the reductive dissolution of specific 
hematite single-crystal surfaces at low pH involves simultaneous surface-specific dissolution and surface-specific 
growth. Using a combination of molecular dynamics simulations and ab initio calculations to parameterize a kinetic 
Monte Carlo model, we determined that electron transport by Fe(II/III) valence interchange through the near-surface 
layers of hematite is facile, but differences exist between specific surfaces. We will present the evidentiary 
transformation mechanism, which involves surface-specific Fe(II/III) valence cycling via oxidative Fe(II) adsorption 
and solid-state electron migration.  



 
COLL 513 Water-induced reconstruction that affects mobile ions on the surface of calcite  
Scot T. Martin and Treavor A. Kendall, Division of Engineering and Applied Sciences, Harvard University, 
Cambridge, MA 02138, Fax: 617-495-9837, scot_martin@harvard.edu  

Time-sequenced contact-force micrographs show that the calcite cleavage surface reconstructs in humid air through 
pit formation and film growth. After 8 hours at 80% relative humidity (RH), 50% to 80% of the surface is covered by 
islands that are flat-topped and 1-nm high. The lateral growth rates of individual islands are 4.2 ± 0.4 nm min-1 in the 
4[bar]41 direction and 1.8 ± 0.4 nm min-1 in the 481[bar] direction, resulting in islands having distinct major and 
minor axes. On some samples, a 1.5-nm, contiguous film rapidly grows between the islands and the pits. The areal 
expansion rate of the film is 500 times faster than that of the islands. Gaps between the contiguous film and the 
islands expand and contract, which suggests that mass is exchanged between them and that both are loosely 
bound. Complementing the topographic images, polarization heights are simultaneously measured by polarization-
force microscopy. The polarization heights of the islands and the contiguous film are -6 to -10 nm and -4 to 5 nm, 
respectively, compared to their respective topographic heights of +1.0 and +1.5 nm. Under our experimental 
conditions, the polarization heights are a surrogate for the local dielectric constant of the sample ε and arise from a 
convolution of the mobility and the density of surface ions. The polarization heights imply that εsubstrate > εfilm > εisland. 
Changes in topographic and polarization heights at 20% and 50% RH suggest that the structures of the islands are 
in dynamic equilibrium with the adsorbed water. Our evidence suggests that the islands contain loosely bound water 
and may therefore be a hydrated calcium carbonate phase stabilized by the calcite surface.  

 
COLL 514 Lateral force contrast mechanisms and chemical inhomogeneities at mineral-water interfaces  
Steven R. Higgins, Department of Chemistry, Wright State University, 3640 Colonel Glenn Highway, Dayton, OH 
45435, Fax: 937-775-2717, steven.higgins@wright.edu  

The composition of mineral-water interfaces play a significant role in governing/indicating the chemistry of the local 
aqueous environment. Using Lateral Force Microscopy (LFM), we have studied a model system exhibiting 
nanometer scale chemical inhomogeneity on an atomically flat surface, namely an ionic monolayer on a freshly 
cleaved, highly ordered CaMg(CO3)2 (dolomite) surface. Calibrated LFM measurements show distinct contrast 
between the ionic monolayer and the original substrate, while both surfaces appeared to be in the same ionic plane 
in the topographic images. From the observed increase in friction on the monolayer, we designed investigations to 
test the mechanism responsible for the friction contrast. Initial results suggest that the vertical stiffness of the 
monolayer is lower than the dolomite surface, giving rise to a larger contact area between the LFM tip and 
monolayer. These experiments also revealed negligible difference in the tip-surface adhesion, pointing to vertical 
stiffness as the determining mechanism for friction contrast.  

 
COLL 515 Investigation of polyelectrolyte interactions with hydrophobic interfaces using atomic force 
microscopy and sum-frequency vibrational spectroscopy  
Joshua D. Wnuk1, Hongke Ye2, David H. Gracias3, and Howard Fairbrother1. (1) Department of Chemistry, Johns 
Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, wnukjd@jhu.edu, (2) Department of Chemical 
and Biomolecular Engineering, Johns Hopkins University, (3) Department of Chemical and Biomolecular Engineering 
and Department of Chemistry, Johns Hopkins University  

The interaction of polyelectrolytes with hydrophobic interfaces is important in many environmental processes, 
including the carbon fouling of water membrane polymers and activated carbons. Although these systems have been 
studied extensively on the macroscopic level, they have received only limited attention on a molecular level due to 
the difficulties of probing the liquid/solid interface. To address this issue tapping mode atomic force microscopy has 
been utilized to investigate, in situ, the physical structure of natural organic matter adsorbed onto HOPG. Our results 
reveal the importance of pH in controlling the concentration of adsorbed polyelectrolytes. Under certain fluid phase 
conditions discrete aggregates are also observed that exhibit a degree of surface ordering and registry with respect 
to the underlying HOPG substrate. Complementary information obtained from sum-frequency vibrational 
spectroscopy has been used to probe the liquid/solid molecular interface, specifically the influence of 
polyelectrolytes of the interfacial water layer present at hydrophobic surfaces.  

 



COLL 516 Suppression of pyrite oxidation by lipid coating: Kinetics, mechanism, surface structures, and 
implications in acid mine drainage  
Xiang V. Zhang1, Treavor A. Kendall1, Daniel R. Strongin2, Martin Schoonen3, and Scot Martin1. (1) Division of 
Engineering and Applied Sciences, Harvard University, 40 Oxford St., Cambridge, MA 02138, 
xzhang@deas.harvard.edu, (2) Department of Chemistry, Center for Environmental Molecular Science, Temple 
University, (3) Department of Geosciences, SUNY Stony Brook  

Pyrite (FeS2) oxidation in nature has severe environmental implications such as acid mine drainage. The adsorption 
of lipids on pyrite surface has been found to be an effective way to suppress the oxidation chemistry. The 
effectiveness depends on the chain length of the hydrocarbon tail of the lipids. Surface vibrational spectroscopy 
shows the electrostatic interaction between lipids and pyrite surface. Surface structures of the lipid layer on the pyrite 
are observed by atomic force microscopy (AFM). Lipid forms bilayer structure on pyrite surface. This bilayer 
structure creates a hydrophobic “blanket” on the surface, isolating the pyrite from oxidants such as water and Fe3+ 
ions. Through surface spectroscopic and microscopic studies, we are able to develop a mechanistic understanding 
of the suppression of pyrite oxidation by lipid coating.  

 
COLL 517 Mechanisms of interfacial electron transfer mediated by two decaheme cytochromes from 
Shewanella oneidensis  
Nicholas S. Wigginton, NanoGeoscience and Technology Laboratory, Department of Geosciences, Virginia 
Polytechnic Institute and State University, 4044 Derring Hall, Blacksburg, VA 24061, Fax: 540-231-3386, 
wigginto@vt.edu, Kevin M. Rosso, Pacific Northwest National Laboratory, and Michael F. Hochella Jr., 
NanoGeoscience and Technology Laboratory, Dept. of Geosciences, Virginia Tech  

The goal of this study is to understand rates and mechanisms of elementary electron transfer (ET) processes 
between multi-center enzymes and solid surfaces during bacterial metal reduction. Previously measured single-
molecule tunneling spectra of two outer-membrane decaheme c-type cytochromes (OmcA and MtrC) from 
Shewanella oneidensis were analyzed using STM-specific ET models. Tunneling spectra clearly show the presence 
of multiple redox centers for each cytochrome. Reorganization energies influencing redox center participation in tip-
substrate electron tunneling were computed from model fits to the tunneling spectra. Redox center energy levels and 
reorganization energies are similar to those normally assigned to heme groups in metalloproteins. From this 
analysis, we find that (i) MtrC and OmcA have distinctly different electronic structures in terms of the numbers and 
the energetic distribution of redox centers within the probed energy interval and (ii) the density of oxidized/reduced 
states qualitatively correlates to their measured electrochemical redox potentials.  

 
COLL 518 From gas to liquid-phase reactions: Widening the application potential of modern Operando 
methods  
Angelika Brückner, Leibniz-Institut für Katalyse an der Universität Rostock, Branch Berlin, P. O. Box 961156, Berlin 
D-12474, Germany, Fax: +49-(0)30-6392-4454, brueckner@aca-berlin.de  

New trends in operando spectroscopy comprises the simultaneous coupling of several operando techniques for 
monitoring the same catalytic system at the same time to derive more reliable and comprehensive information. 
Moreover, closing the gap between experimental conditions of lab-scale operando studies and reaction conditions in 
true industrial processes being frequently performed at elevated pressure and/or in liquid phases is an urgent 
requirement. Selected examples illustrating these new trends will be presented: i) operando EPR/UV-vis/Raman 
studies of active sites for the selective oxidation of isobutane in polyoxometallates as a basis for identifying more 
effective catalysts within the MoVNbTeO system including a study of the influence of preparation sequences on the 
properties of the latter using a novel fibre-optical ATR sensor based on silver halide fibres and ii) the use of 
operando high-pressure liquid-phase EPR for identifying active sites in supported Ni catalysts during oligomerization 
of butenes.  

 
COLL 519 Vanadium supported catalyst doped with alkali metals, an Operando study with methanol as a 
probe molecule  
E. Lozano Diz, E. J. Vico-Ruiz, and Miguel A. Banares, Instituto de Catalisis y Petroleoquimica, CSIC E-28049-
Madrid, Spain, CSIC E-28049, Madrid, Spain, banares@icp.csic.es  



The presence of alkali metals on the surface drastically changes the properties of the catalyst. Alkali metal dopants 
on vanadium supported catalyst strongly affects the reactivity (decrease) and selectivity (increase). The effect of the 
doping agent in the reactivity of the MeOH in the presence/absence of water is reported. Series of vanadium oxide 
supported over alumina doped with different concentrations of lithium, sodium, and potassium have been studied, in 
the range from 0 to 4 alkali atom/nm2. The temperature was raised up to 500 ºC (50°C steps). The reaction products 
were simultaneously analyzed by online mass spectrometry. Formaldehyde is the main product in both environments 
(redox). The catalyst works differently in the presence and absence of O2. In a non-oxidant environment, the 
presence of acidic products (dimethyl ether) becomes significant. Under oxidazing feed, the conversion shifts to 
combustion. Simultaneous Raman spectra underline the presence of chemisorbed poly-acid and /or polyketones 
species on the surface remain important at the temperatures under study. are the most sensitive to the reaction 
environment (oxidant vs. non-oxidant). The V-O-Me Raman band is most intense in the absence of oxygen. The 
regeneration of the V=O bond is limited by O2 availability Reaction mechanism can be proposed in function of the 
active centres and main products of reaction.  

 
COLL 520 Selective oxidation of propylene to acrolein/acrylic acid over supported vanadia catalysts: An 
Operando Raman, IR, UV-Vis and TPSR spectroscopic investigation  
C. Zhao, Department of Chemistry and Chemical Engineering, Lehigh University, chz5@lehigh.edu, and Israel E. 
Wachs, Department of Chemical Engineering, Lehigh University, iew0@Lehigh.EDU  

The selective oxidation of propane to acrylic acid proceeds via propylene and acrolein reaction intermediates. The 
first reaction step in propane oxidation reactions is the activation of propane and its conversion to propylene with all 
subsequent products being derived from propylene. The propylene oxidation reaction was investigated over model 
supported vanadia catalysts with combined operando Raman, IR, UV-Vis DRS and temperature programmed 
surface reaction (TPSR) spectroscopy in order to better understand the selective oxidation of propylene to 
oxygenates. The oxidation of propylene to oxygenate was found to involve two surface VO4 sites and proceeds via 
Langmuir-Hinshelwood surface reaction mechanisms. The selective oxidation of propylene to oxygenate requires the 
presence of gas phase molecular O2 and the presence of surface V+5 sites. Additional insights about the 
participation of gas phase molecular O2 in this reaction were obtained from transient isotopically labeled 18O2 and 
C3D6 studies. The most abundant surface reaction intermediate on the catalyst surface during propylene oxidation 
is the surface allyl (H2CCHCH2) intermediate. The elementary reaction steps and surface reaction kinetics involved 
in the selective oxidation of propylene over the model supported vanadia catalysts will also be discussed.  

 
COLL 521 Kinetic evidences/Operando ESR spectroscopy study concerning mesostructual evolution of 
vanadium species during catalytic active phase formation process from gel to hybrid mesostructured oxide 
catalyst for SO2 oxidation reaction  
Rodica-Mirela Nita and Aurelia Meghea, Department of Applied Physic-Chemistry, University Politehnica of 
Bucharest, Faculty of Applied Chemistry and Material Science, Polizu str., no. 1, Bucharest RO-011061, Romania, 
Fax: +4 021 315 41 93, rodican@icemenerg.ro  

For the first time operando ESR spectroscopy is used to investigate the mesostructural transformations of vanadium 
species from gel state to final mesostructure of vanadium-titania-silica mesoporous catalysts during in-situ 
calcinations process coupled with catalytic activation in a SO2 oxidation reaction. Specific for calcinations process: 
at the room temperature ESR spectrum shows a broad and partial unresolved signal at g =1.95. The presence of 
this signal indicates a high local spin concentration of VO2+ species in a square pyramidal coordination and the 
existence of nanodomains in the gel structure. With the increase of the temperature the spectra evolution is very 
interesting, an additional signal with g=2.0 is observed. This is most probably due to the clustered V4+. Between 
300-400C the recorded spectra show a composed signal from two different V4+ sites.The most probable these 
species appear during removal of the template occluded in the mesopores. Activation under SO2 oxidation reaction: 
after wet Cs2SO4 impregnation the ESR collected spectra at 100C show a very well resolved signal with g=2.0 with 
a characteristic hyperfine structure for a isolated VO2+ species in square pyramidal coordination. From a 
comparison between industrial sample and mesoporous catalysts, great differences were registered in the active 
dominium of temperature. The starting point associated in the literature with the process of active pyrosulfatic melt 
formation is situated with 30-400C in low temperature range for mesopor-ous tested samples. The differences 
persist even in the corresponding ESR spectrum. Considering all kinetical and structural available data we can 



suppose important modification in the active site structure reflected in a new kinetic picture due to the structural and 
geometrical re-direction of active melt growing by mesostructural forces induced in the synthetic steps.  

 
COLL 522 In situ and Operando Raman spectroscopy of lubricated sliding contacts  
Peter C. Stair, Center for Catalysis and Surface Science, Department of Chemistry, Northwestern University, 2145 
Sheridan Road, Evanston, IL 60208-3113, Fax: 847-467-1018, pstair@northwestern.edu, C. U. Amanda Cheong, 
and Evangeline Y. Su, Department of Chemistry, Northwestern University  

Raman spectroscopy is a powerful technique for the characterization of physical and chemical properties in reacting 
systems under realistic and operando conditions. At Northwestern University, UV Raman spectroscopy has been 
employed to study the chemical reactions of practical and model lubricating films in a pin-on-disk tribology 
experiment. The formation of polycyclic aromatic films by a perfluoropolyalkyl ether lubricant, sometimes referred to 
as “friction polymers”, has been directly observed during sliding between a chrome steel pin and a sapphire disk. 
The absence of friction polymer formation when using a sapphire-sapphire contact suggests that chrome steel acts 
as a catalyst for this reaction. The capability of Raman spectroscopy for measurements of lubricant temperature and 
pressure in the contact region, important parameters for understanding lubricant chemisgtry, has also been 
demonstrated and will be discussed.  

 
COLL 523 Molecular beam studies of nanoscale films of amorphous solid water  
R. Scott Smith1, John L. Daschbach2, Tykhon Zubkov1, and Bruce D. Kay1. (1) Fundamental Science 
Directorateand and Institute for Interfacial Catalysis, Pacific Northwest National Laboratory, 902 Battelle Blvd., P.O. 
Box 999, M/S K8-88, Richland, WA 99352, Fax: 509-376-6066, zorro@pnl.gov, bruce.kay@pnl.gov, (2) 
Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory  

Molecular beam scattering, programmed desorption (both TPD and isothermal), and vibrational spectroscopy are 
used to study the chemical kinetics and reaction dynamics of molecular processes occurring both on the surface and 
within the bulk of amorphous and crystalline ice films. Molecular beams are used to synthesize chemically and 
structurally tailored thin films. These films can have morphologies ranging from dense and smooth, to highly porous 
depending on growth conditions. The precise control of the film structure allows physiochemical processes such as 
densification, crystallization, diffusion, isotope exchange, and solvation to be studied in detail. The experimental 
methods, results, and their relevance to supercooled water, astrophysical icy bodies, and nanoporous materials will 
be presented.  

Pacific Northwest National Laboratory is a multiprogram national laboratory operated for the U.S. Department of 
Energy by Battelle Memorial Institute under contract DE-AC06-76RLO 1830.  

 
COLL 524 Mechanism of defect dynamics in crystalline ices and clathrate hydrates  
Burkhard Geil, T. Kirschgen, and F. Fujara, Fachbereich Physik, Universität Dortmund, Otto-Hahn Straße 4, D-
44221 Dortmund, Germany, Fax: (+49) 231- 755 3516, burkhard@e3.physik.uni-dortmund.de  

Molecular dynamics and material transport in crystalline ices and ice-like hydrogen bond networks are known to be 
intimately related with the occurence of disorder in the proton sub-lattice. Special ice-typical lattice defects, so-called 
"Bjerrum defects" and "ionic defects", coexist with other solid-state defects (interstitials or vacancies) and originate 
from local distortions in the random conformation of the hydrogen bond network. Using deuteron NMR stimulated 
echo experiments we identify the mechanism of (defect and) proton translational diffusion. In hexagonal ice and in 
clathrate hydrates this mechanism turns out to be a concerted two-step process: A fast, Bjerrum defect mediated, 
local reorientation is followed by a much slower translational diffusion event. The temperature dependence of both 
processes in combination with literature data of tracer diffusion coefficients reveals that in ordinary ice the material 
transport must originate from interstitial mediated diffusion of intact water molecules. In clathrate hydrates, on the 
other hand, the elementary step of translational proton diffusion seems to be an exchange of the covalent O-H bond 
between two neighbored water molecules.  

 



COLL 525 Thermal desorption from a porous solid: N2 on amorphous solid water  
Tykhon Zubkov1, Todd R. Engstrom2, R. Scott Smith1, and Bruce Kay1. (1) Pacific Northwest National Laboratory, 
902 Battelle Blvd., P.O. Box 999, M/S K8-88, Richland, WA 99352, tykhon.zubkov@pnl.gov, (2) Department of 
Chemistry and Biochemistry, University of Texas at Austin  

Desorption of a weakly bound adsorbate from a porous solid was studied for the case of N2 on amorphous solid 
water (ASW). Porous ASW films of different thickness were grown on Pt(111) by ballistic deposition. N2 adsorption 
and desorption kinetics were monitored mass-spectrometrically. Temperature programmed desorption spectra show 
that with the increasing film thickness, the N2 desorption peak systematically shifts to higher temperatures. The 
results are explained and quantitatively reproduced by a simple model, which assumes that the N2 transport within 
the film is faster than the depletion rate to vacuum. The local coverage at the pore mouth determines the desorption 
rate. For thick ASW films (>1 μm), the assumption of the fast equilibration within the film is shown to be no longer 
valid due to diffusion limitations. The mechanisms of the adsorbate transport are discussed.  

Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of Energy. 

 
COLL 526 Stochastic model for proton dynamics in water at interfaces  
Jorge O. Sofo and Ajay S. Chaudhari, Department of Physics, The Pennsylvania State University, 104 Davey Lab, 
PMB#172, University Park, PA 16802, Fax: 814-865-1216, sofo@psu.edu  

We developed a stochastic model for the diffusion of extra protons added to water at liquid densities. The model is 
motivated on the results of ab-initio molecular dynamics simulations and it is used to analyze them. It accounts for 
the relaxation time of the hydrogen bonded lattice and the lifetime of the hydronium ion. We apply our model to the 
study of proton transport at the interface of water and different ionic materials including metal oxides and sulfonic 
groups attached to polymers. Our model shows that the ionic character of the material in contact with water affects 
the local proton mobility by changing the dynamics of the hydrogen-bond network. This has important implications 
for several applications like fuel cells and biological systems.  

 
COLL 527 Dissociation of "buried water" under ice on Pt(111)  
James P. Cowin, Yigal Lilach, and Martin J. Iedema, Environmental Molecular Sciences Laboratory, Pacific 
Northwest National Laboratory, Box 999, M/S K8-88, Richland, WA 99352, Fax: 509-376-6066, jp.cowin@pnl.gov  

After decades of study water adsorbed on Pt(111) , whether in sub-monolayer, or multiplayer amounts, crystalline or 
amorphous, has been firmly established as non-dissociative, with water dissociation being energetically multiple kT's 
uphill. We show here, via carefully staged thermal desorption, compelling evidence that when buried under 
multilayer ice, water readily dissociates on Pt(111) between 151 and 170 K, and in monolayer amounts. This is 
supported by work function measurements, showing selective transport of a small fraction of the hydroniums 
produced, via an apparent surface potential minimum, upwards as the films are grown . This dissociation, easily 
understood to have been missed earlier, may now permit some reassessing the dissociation energy on Pt(111). 
Dissociation is permitted because either: the blocking of the desorption channel permits crossing a high activation 
barrier, and/or the overlying ice favors the dissociated state due to solvation, strain, or interfacial energy.  

 
COLL 528 Oxygen-induced dissociation and stabilization of water on Ru{0001}  
M J Gladys1, A El Zein1, A. Mikkelsen2, Jesper Andersen2, and G. Held1. (1) Department of Chemistry, Cambridge 
University, Lensfield Road, Cambridge CB2 1EW, United Kingdom, mjg95@cam.ac.uk, gh10009@cam.ac.uk, (2) 
Synchrotron Radiation Research Department, Lund University  

The reactivity of water on Ru{0001} changes drastically in the presence of oxygen. Small amounts of oxygen below 
0.25ML induce partial dissociation and the formation of a stable H2O-OH layer, which desorbs at around 210K. At O-
coverages above 0.25ML, however, no dissociation occurs; instead, an intact water species is observed in high 
resolution XPS up to 220K, which is significantly more stable than intact water on the clean surface. A shift in the 
O1s binding energy of the pre-adsorbed oxygen indicates the formation of hydrogen bonds between the water and 
oxygen atoms. This leads to a very different adsorption geometry of the water molecule, as the comparison of 



NEXAFS spectra from this layer and the partially dissociated water bilayer indicates. The fact that in both cases 
water desorbs in same temperature range illustrates that desorption temperatures alone cannot be used to 
determine whether water is molecularly intact or not.  

 
COLL 529 Water adsorption on Pd(111) and Ru(0001): Formation of double layers  
Mous Tatarkhanov, Evgueni Fomin, D. Frank Ogletree, and Miquel Salmeron, Materials Sciences Division, 
Lawrence Berkeley National Laboratory, 66-208, 1 Cyclotron Road, Berkeley, CA 94720, mbsalmeron@lbl.gov  

Water adsorption on clean Pd(111) and Ru(0001) surfaces has been studied using home-built variable temperature 
ultra-high vacuum scanning tunneling microscopy. Clusters with honeycomb internal structure were formed after low 
coverage and low temperature adsorption. Increasing the coverage unique double layer structures were observed 
for both Pd(111) and Ru(0001), where second layer is rotated relative to the first by 30º. This double layer exists 
only below 150K temperatures, after which it transforms into elongated clusters with bright perimeter for increased 
temperatures.  

 
COLL 530 Effect of oxygen pre-adsorption on the formation of water clusters on Ru(0001) studied by 
scanning tunneling microscopy  
Tomoko K. Shimizu1, Aitor Mugarza2, D. Frank Ogletree3, and Miquel Salmeron3. (1) Department of Materials 
Science and Engineering, University of California at Berkeley, Berkeley, CA 94720, Fax: 510-486-6044, 
tshimizu@lbl.gov, (2) Materials Science Division, Lawrence Berkeley National Laboratory, (3) Materials Sciences 
Division, Lawrence Berkeley National Laboratory  

Water adsorbed on Ru(0001) with 0.03ML of pre-adsorbed oxygen atoms has been studied using a home-built low 
temperature ultra-high vacuum scanning tunneling microscope (STM). We found two types of water clusters after 
annealing at different temperatures. Although both form hexagonal structures, the low temperature phase consists of 
two-dimensional extended clusters while the higher temperature phase is characterized by elongated clusters with 
brighter perimeters. Hydrogen atoms were observed outside the clusters, some of which react with pre-adsorbed 
oxygen atoms, forming hydroxyl molecules. By comparing the experimental data with STM simulations, we conclude 
that the clusters of the higher temperature phase are made of mixed water and hydroxyl molecules lying flat. The 
partial dissociation of water starts at lower temperatures than that on clean Ru, suggesting that the dissociation 
barrier is decreased in the presence of pre-adsorbed oxygen.  

 
COLL 531 Probing lipid membrane structure and domains using novel X-ray scattering methods  
Tonya L. Kuhl, Department of Chemical Engineering and Material Science, UC Davis, One Shields Ave, Davis, CA 
95616, Fax: 530-752-1031, tlkuhl@ucdavis.edu, Chad Miller, University of California, Davis, and J. Majewski, Los 
Alamos National Laboratory  

In nature, membranes perform several functions of the living cell from selective transport and recognition, to simple 
sequestration. In general, the membrane consists of a single bilayer or in special cases, such as the lung 
surfactants, a single monolayer. Using powerful new neutron and x-ray sources, the techniques of reflectivity and 
grazing incidence diffraction permit us to obtain structural information on single lipid monolayers and supported 
bilayers in an aqueous environment. Recently, we demonstrated that 18 keV x-rays can be used to study lipid 
bilayers at the solid-liquid interface by x-ray reflectivity. We establish that this is a powerful technique for 
investigating biological systems in a previously inaccessible manner. Our measurements enabled the density 
distribution of single phospholipid bilayer membranes in bulk water to be measured with unprecedented precision 
enabling subtle variations in leaflet segregation to be resolved. Recent results on grazing incidence diffraction from 
single, supported bilayers will also be highlighted. In this case, scattering techniques enable us to exquisitely probe 
the structure of solid regions of the membrane.  

 
COLL 532 Sub-micron organization of cell membranes: Insights from FRET  
Anne K. Kenworthy, Department of Molecular Physiology and Biophysics, Vanderbilt University School of Medicine, 
718 Light Hall, Nashville, TN 37232, Fax: 615-322-7236, anne.kenworthy@vanderbilt.edu  



A current debate in the field of membrane biology is whether cholesterol-enriched microdomains termed lipid rafts 
exist in cell membranes. Identification of lipid rafts in cells has been particularly difficult due to their small size, 
postulated to be between < 100 nm in diameter. Fluorescence resonance energy transfer (FRET), a technique that 
reports on the proximity of fluorescently-labeled molecules over distances of < 10nm, can provide insight into the 
organization of lipid rafts in cell membranes. I will discuss ongoing studies in our laboratory that couple FRET 
measurements in living cells with in silico simulations of FRET to provide new information about the structural 
features of putative lipid rafts in vivo.  

 
COLL 533 Electrostatic effects on the shape of charged lipid membranes  
Graziano Vernizzi and Monica Olvera de la Cruz, Department of Materials Science and Engineering, Northwestern 
University, 2220 Campus Dr, Evanston, IL 60208, Fax: 847-491-7820, g-vernizzi@northwestern.edu  

It is known that cationic-anionic amphiphilic molecules can self-assemble into vesicles and membranes of different 
shapes and sizes. We present a model for studying the interplay between the fluctuating vesicle surface, and the 
effect of electrostatic interactions. We show the results of a numerical simulation of our model,and discuss possible 
experimental links.  

 
COLL 534 Spontaneous formation of asymmetric supported bilayers by binary phospholipid mixtures  
Hanna Wacklin, Institute for Environmental Sciences, Australian Nuclear Science and Technology Organisation, 
New Illawarra Road, Lucas Heights, New South Wales 2234, Australia, and Robert K Thomas, Physical and 
Theoretical Chemistry, University of Oxford  

We have investigated the adsorption of binary phospholipid mixtures to silica using neutron reflection. Small 
sonicated unilamellar vesicles (SUV) composed of DOPC and d62-DPPC were incubated at 50°C in contact with a 
silica-surface using a method commonly employed to form supported model membranes. An asymmetric bilayer 
arrangement was discovered in all the cases studied, with a clear preferential adsorption of DPPC to the side of the 
silica surface. The total bilayer composition differed by as much as 35 mol% from that of the SUVs, but the 
composition of the distal monolayer was approximately the same. To our knowledge, this is the first direct 
determination of the structure and lipid composition of a mixed supported bilayer. The bilayer compositions indicate 
that equilibrium between the vesicles and the surface bilayer must be at least partially established during adsorption 
above the lipid phase transition temperature. The current models of vesicle fusion to surfaces do not consider the 
rupture and spreading of vesicles to be an equilibrium process. We discuss possible mechanisms for establishing 
the lipid asymmetry and their implications for the properties of supported bilayers as model membranes.  

 
COLL 535 T-cell receptor recognition of molecular clusters: For better or for worse  
Michael Edidin1, Gigi Gronvall2, and David Fooksman1. (1) Biology, Johns Hopkins University, Biology- Johns 
Hopkins U, 3400 N. Charles St., Baltimore, MD 21218, edidin@jhu.edu, (2) Center for Biosecurity of UPMC  

The distribution of proteins in cell surface membranes is typically patchy and inhomogeneous. These patches may 
arise through a combination of confinement of diffusing molecules, vesicle traffic and specific interactions between 
their component proteins. We have found that the patchiness of class I MHC molecules, characterized by lateral 
diffusion, FRET and imaging, affects their recognition in immune responses by T-cells. We modulate patch size in 
several ways – by depleting cell membrane cholesterol, or by cross linking engineered class I MHC molecules. 
These modulations enhance T-cell recognition of class I MHC molecules, especially those molecules that are only 
weakly stimulatory when presented by unmodified cells. Our experiments suggest that antigen-presenting cells could 
be engineered to enhance responses, for example against, or to suppress responses, for example in autoimmunity.  

 
COLL 536 Dynamic membrane interactions during receptor-mediated signaling  
Barbara Baird, Department of Chemistry and Chemical Biology, Cornell University, 460 Spencer T. Olin Laboratory, 
Ithaca, NY 14853-1301, bab13@cornell.edu, and David Holowka, Chemistry and Chemical Biology, Cornell 
University  



Authors: Barbara Baird and David Holowka  

Affiliation: Cornell University, Ithaca, NY  

The complex role of plasma membrane structure in orchestrating receptor-mediated signal transduction is addressed 
in collaborative studies investigating how antigen crosslinking of IgE-receptors on mast cells initiates signaling 
pathways leading to multiple cellular responses. Segregation of liquid ordered regions from disordered regions of the 
plasma membrane provides protection from transmembrane phosphatases and thereby a mechanism for 
crosslinking-dependent phosphorylation of IgE-receptors by active Lyn kinase. Fluorescence correlation 
spectroscopy reveals that antigen crosslinking reduces the diffusion of receptors and also Lyn, with temporally 
resolved interactions occurring between these two components. Defined clustering of IgE-receptors on the micron 
scale with patterned lipid bilayers enables visualization of interacting components with spatial and temporal 
resolution. With total internal reflection fluorescence microscopy we find that stimulated exocytosis of secretory 
granules and recycling endosomes are targeted differently with respect to the clustered receptors. Electron spin 
resonance allows the phase behavior of plasma membranes to be examined in purified preparations and living cells 
and reveals distinct ordered and disordered regions. Giant plasma membrane vesicles uncoupled from the 
cytoskeleton, undergo large scale phase separation and can be used to investigate partitioning of lipids and proteins 
between coexisting fluid phases. This provides a new approach for investigating membrane structural heterogeneity.  

 
COLL 537 Incorporation of neoglycolipids into phospholipid monolayers and liposomes, and their 
interaction with specific lectins  
Véronique Rosilio1, Vincent Faivre1, Patrycja Dynarowicz-Latka2, Adam Baszkin1, and Paul Boullanger3. (1) UMR 
8612 CNRS, Physico-Chimie des Surfaces, Univ Paris-Sud, 5 rue J-B. Clément, F-92296 Châtenay-Malabry, 
France, veronique.rosilio@cep.u-psud.fr, (2) Faculty of Chemistry, Jagiellonian University, (3) UMR 5181 CNRS, 
Univ Lyon-1, CPE-Lyon  

Attachment of recognition ligands to drug delivery systems may significantly improve the uptake of drug carriers by 
target organs or cells. Among them, glycolipids may be recognized by lectin-like proteins present at the surface of 
cells. In the recent years we focused on efficient drug targeting, using neoglycolipids constituted of a lipid anchor, a 
tri-ethylene oxide spacer and various saccharide moieties, incorporated into monolayers and liposome bilayers. We 
studied the effect of the neoglycolipids on the structure of phospholipid membranes, and their interaction with both 
specific and non-specific lectins at the air-water interface and in bulk solution.  

 
COLL 538 Nanometer-scale imaging of membrane-anchored mucin glycoprotein mimics  
Raghuveer Parthasarathy, Department of Physics, University of Oregon, Eugene, 1371 E 13th Avenue, Eugene, 
OR 97403, Fax: 510-643-6232, raghu@physics.uoregon.edu, David Rabuka, Department of Chemistry, University of 
California at Berkeley, Carolyn R. Bertozzi, Departments of Chemistry and Molecular and Cell Biology, Howard 
Hughes Medical Institute, University of California, Berkeley, and Jay T. Groves, Department of Chemistry, University 
of California, Berkeley  

Mucin glycoproteins contribute to a variety of cell-surface phenomena. Their dense glycosylation is believed to 
confer structural rigidity as well as molecular extension beyond the glycocalyx, crucial to interaction with the cellular 
environment. However, controlled investigations of connections between glycosylation, rigidity, and extension of 
membrane-bound mucins have so far been lacking, largely because of the absence of tractable experimental 
models. We have therefore synthesized and investigated synthetic lipid-anchored mucin mimics, in which the "core" 
alpha-GalNAc sugar of natural mucins is conjugated to a polymer backbone. These molecules, we show, can be 
anchored to lipid membranes, are mobile in the membrane plane, and bind proteins that recognize the appropriate 
natural mucins. Furthermore, using interferometric methods, we are able to measure the orientation of the mucin 
mimics relative to the membrane with few-nanometer precision. Mucin mimics provide a new platform for studies of 
the structural and biochemical properties of cell-surface sugars.  

 
COLL 539 Biologically-enabled and inspired design of hierarchically-organized functional and responsive 
materials  
Jonathan S. Dordick, Rensselaer Nanotechnology Center and Department of Chemical and Biological Engineering, 



Rensselaer Polytechnic Institute, 4005E Biotechnology and Interdisciplinary Studies Building, Rensselaer 
Polytechnic Institute, Troy, NY 12180-3590, dordick@rpi.edu  

The interface of biology and materials science has led to new materials with unique structural and functional 
properties, and new process technologies with the ability to produce, from “bottoms up”, a wide range of biomimetic 
structures. These materials and their designs have broad application as catalysts, sensors, and devices for use in 
synthesis, cell and tissue engineering, bioanalysis and screening, and nanoelectronics. We have focused on the 
generation of nanostructures that are functionalized with and in some cases constructed from biological molecules, 
complete with tailored selectivities and biocatalytic activities at the molecular and nanoscales. In one example, we 
have incorporated enzymes attached to carbon nanotubes and further embedded into polymeric films, coatings, and 
paints to form biocatalytically active surfaces. In another case, we have used biocatalysis to generate small 
molecules that self-assemble with high precision to give novel architectures with functional properties. This talk 
highlights our recent efforts to exploit the interface of biology with materials science.  

 
COLL 540 Nano-sized matrix determines the behavior of proteins (enzymes) entrapped in ternary systems of 
"Surfactant-water-oil" type  
Natalia L. Klyachko and Andrey V. Levashov, Department of Chemical Enzymology, M.V.Lomonosov Moscow 
State University, Leninskie Gory, 1-11, 119992 Moscow, Russia, Fax: 495-939-5417, 
klyachko@enzyme.chem.msu.ru  

Ternary systems of ‘Surfactant-water-oil' type are convenient nanocontainers for encapsulation of compounds of 
different nature and carrying out various chemical and enzymatic reactions. The surfactant molecules in such 
systems (including membrane lipids) can form aggregates of different structure where proteins (enzymes) can be 
solubilized and found to function in different mesophases: normal and reverse micelles, lamellar, reverse hexagonal, 
cubic, etc. Surfactants both low molecular mass and polymeric, lipids, polysaccharides and polyelectrolytes, all can 
be used as a matrix building material, and the size and properties of the matrix can be easily varied by changing the 
nature and concentration of components. It will be shown in the work presented that nanosized matrix wrapping 
tightly an enzyme (protein) molecule become playing an important role both on activity and conformational level. 
Peculiarities in an enzyme activity, oligomeric composition and stability regulation will be discussed on different 
examples.  

 
COLL 541 Engineering nano-structured adhesive polymer coatings for high intensity multi-phase 
biocatalysis  
Michael C Flickinger1, Jimmy L. Gosse2, Marcello Fidaleo3, Salim Charaniya4, Chris W Solheid5, Satish Kumar4, 
and L. E. Scriven4. (1) Department of Biochemistry, Molecular Biology and Biophysics; BioTechnology Institute, 
University of Minnesota, 240 Gortner Lab, 1479 Gortner Avenue, St. Paul, MN 55108, Fax: 612-625-1700, 
mflick@cbs.umn.edu, (2) Department of Biochemistry, Molecular Biology and Biophysics; BioTechnology Institute, 
University of Minnesota-Twin Cities, (3) Department of Food science and Technology, University of Tuscia, (4) 
Department of Chemical Engineering and Materials Science, University of Minnesota, (5) BioTechnology Institute, 
University of Minnesota  

Nano-porous, adhesive latex coatings containing concentrated, viable, nitrogen-limited microorganisms entrapped in 
20-65 µm thick coatings (<40 nm pores) are investigated to engineer high intensity multi-phase biocatalysts. 
Biocatalyst nano-porosity is generated using carbohydrates to arrest polymer particle coalescence during film 
formation; measured/visualized by diffusivity and cryogenic-SEM. Reactivity is a function of diffusion resistance, 
microbial viability and in vivo enzyme activity. A model reductive anaerobic coating is Rhodopseudomonas palustris 
producing H2 by nitrogenase in response to light. Rps. palustris is being engineered for optimal in vivo nitrogenase 
stability, and H2 production rate. Light harvesting mutants will also be investigated to optimize absorption per square 
meter by combining strains into a multi-layer, translucent perfusive coating. Gluconobacter oxydans containing 
membrane-associated sorbitol dehydrogenase is a model for high intensity oxidations. G. oxydans oxidizes D-
sorbitol --> L-sorbose and is used to model channel geometry, coating thickness, reactivity/intensity, oxygen transfer 
and multi-phase fluid flow in micro-channel bioreactors.  

 



COLL 542 Relationships between protein insertion and surfactant monolayer curvature  
Jun Y Kim, Department of Food Science and Technology, University of California, Davis, One Shields Ave., Davis, 
CA 95616, Fax: 530-752-4759, snukim@ucdavis.edu, and Stephanie R. Dungan, Department of Chemical 
Engineering and Materials Science, University of California, Davis  

We found that the globular protein α-lactalbumin could alter the phase behavior of an anionic surfactant, AOT, in 
equal volume mixtures of oil and water, in which surfactants can adopt their spontaneous curvature. Small angle x-
ray scattering (SAXS) experiments have revealed an interesting relationship between the protein and the monolayer 
curvature in these systems. α-Lactalbumin interaction with w/o microemulsion droplets formed in isooctane 
increased the droplet size, thus increasing the droplet's interfacial curvature. However, smaller w/o microemulsion 
droplets formed by AOT with cyclohexane exhibited a reduced effect of the protein. We hypothesize that protein 
insertion increases the monolayer curvature, but the protein is only able to insert if the monolayer curvature is 
sufficiently high. In this presentation, we will examine this hypothesis in light of influences of ionic strength, solvent 
and surfactant type on protein/surfactant self-assembly, including comparisons of AOT to phospholipids.  

 
COLL 543 Using light to control the form-function relationship of enzymes  
C. Ted Lee, Andrea Hamill, and Serena Wang, Department of Chemical Engineering and Material Science, 
University of Southern California, 925 Bloom Walk, HED 207, Los Angeles, CA 90089, Fax: 213-740-8053, 
tedlee@usc.edu  

A means to control alpha-chymotrypsin association and activity with light illumination has been developed using the 
interaction of the protein with a photoresponsive surfactant. Upon exposure to the appropriate wavelength of light, 
the azobenzene surfactant undergoes a reversible photoisomerization, with the visible-light (trans) form being more 
hydrophobic than the UV-light (cis) form. As a result, surfactant binding to the protein and, thus, protein association 
and activity can be tuned with light. Small-angle neutron scattering (SANS) data indicate that under visible light the 
protein exists as the monomer (active site exposed), while under UV-light the hexamer form is present (preventing 
access to the active site). Thus, this novel ability to control enzyme form with light (i.e., quaternary structure) can in 
turn be used to photo-control enzyme function (i.e., activity). This control of the enzyme form-function relationship is 
completely photo-reversible, providing a novel method to initiate turnover.  

 
COLL 544 Biomimetic heterogeneous catalysis: A new approach  
Mark Turner, Owain P. H. Vaughan, Federico J. Williams, Greg J. E. Davidson, Jeremy K. M. Sanders, and Richard 
M. Lambert, Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United 
Kingdom, mt287@cam.ac.uk  

Oxygenated hydrocarbons, and especially epoxides, are high value chemical intermediates; however, no convenient 
heterogeneous route exists for epoxidation of propene and higher alkenes. Bioinorganic chemists, modelling the 
active site of cytochrome P450 enzymes, have discovered the remarkable homogeneous catalytic activity of Fe, Mn 
and Ru-based metalloporphyrins in epoxidation – though practical adoption of the processes is economically and 
environmentally limited since oxygen must be supplied to the catalytic cycle via the stoichiometric addition of 
sacrificial reductants, or single oxygen donors. By harnessing the intrinsic catalytic chemistry of active 
metalloporphyrins with that of silver, a novel bio-mimetic, metal-based, heterogeneous system may be developed, 
capable of selective epoxidation of higher alkenes, using only dioxygen as the oxidant.  

We present significant progress in each of the three stages of our current experimental programme: (i) Synthesis of 
novel metalloporphyrins for surface attachment and epoxidation catalysis (ii) Model single crystal UHV studies (iii) 
Reactor testing of practical dispersed metalloporphyrin catalysts.  



 

 
COLL 545 Biocatalysis in a switchable peptide-stabilized emulsion  
Annette F. Dexter and Anton PJ. Middelberg, Centre for Biomolecular Engineering, The University of Queensland, 
St Lucia QLD 4072, Australia, Fax: +61-7-3346-8783, a.dexter@uq.edu.au  

Productivity in enzyme-catalyzed transformations of organic chemicals is often limited by sparing solubility of the 
starting materials in water, where enzymes are most active. Common means of addressing this oil-water 
incompatibility problem include the use of lyophilized enzyme in dry organic solvents, admixture of water-miscible 
organic solvents, and use of microemulsions. We here report the use of switchable oil-in-water emulsions as novel 
media for biocatalytic transformations. The emulsions are stabilized by a stimuli-responsive peptide surfactant, and 
can be coalesced on demand to allow facile work-up of product from a clean solvent or water phase. Pilot studies 
were carried out using kinetic resolution of racemic methyl mandelate with Candida rugosa lipase. The results 
showed increased productivity, enantioselectivity and enzyme stability in a toluene-in-water emulsion stabilized by 
the designed peptide surfactant, relative to media containing a water-miscible solvent. In addition, product work-up 
was facilitated by controlled emulsion breaking.  

 
COLL 546 Stabilization of functional nanoparticles in textile  
Sang Beom Lee1, Lacramioara Trofin1, and Alan Rae2. (1) NanoDynamics Life Sciences, Inc, 100 technology drive, 
Suite 420, Pittsburgh, PA 15219, Fax: 412-770-1638, SBLEE@nanodynamics.com, (2) NanoDynamics, Inc  

We describe here the stabilization of functional nanoparticles such as antimicrobial Ag and photocatalytic TiO2 
nanoparticles in porous substrates. The novel process consists of a UV permanent stabilization of nanoparticles 
embedded in substrates. By using this technology the loading capacity of the substrates with nanoparticles can be 
increased up to 30 fold. After stabilization in substrates, the nanoparticles preserve and enhance their properties. 
This technology was applied to obtain durable, non-leaching systems with high antibacterial and sporicidal 
performances. Textiles prepared with ND Silver and TiO2 nanoparticles using this technology are very efficient 
against Escherichia coli and Bacillus cereus, maintaining the photocatalytic activity; 100% of the E. coli was killed 
after 1 h incubation with silver nanoparticles-textile composite, and 98% of the Bacillus cereus spores was killed 
after 24 h incubation. Potential markets for this technology are health care (personal protection, wound healing), 
defense (chemical and biological decontamination), medical devices (systems with built-in sensors), and fabrics.  

 
COLL 547 Modification of organic thin films by atomic radicals  
Howard Fairbrother, Justin Gorham, Anthony Wagner, and Jessica Torres, Department of Chemistry, Johns 
Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, Fax: 410-516-8420, howardf@jhu.edu  

The reactions of atomic radicals with organic materials are of central importance to plasma processing and polymer 
surface modification techniques, with the ability to tailor interfacial properties. Using a suite of selected self 
assembled monolayers (SAMs) as model systems for polymeric interfaces we will present results that illustrate how 
the interplay between the nature of the atomic radical and the chemical/structural properties of the SAM determines 
the sequence of elementary reaction steps that define the modification process. Examples include: 1.The influence 
of chain length in the reaction of alkanethiolates with atomic hydrogen. 2.The effect of fluorine on the reactivity of 
atomic oxygen with thin film assemblies. 3.Site selective C-C bond cleavage in the modification of semifluorinated 
SAMs with atomic hydrogen. In addition, we will show how information obtained from these studies can be used to 
provide a more detailed mechanistic understanding of polymer modification processes.  

 



COLL 548 SFG studies on buried interfaces involving polymers and biological molecules  
Zhan Chen, Department of Chemistry, University of Michigan, 930 North University Avenue, Ann Arbor, MI 48109, 
Fax: (734)-647-4865, zhanc@umich.edu  

Sum frequency generation (SFG) vibrational spectroscopy has been applied to investigate molecular surface 
structures of various polymethacrylates with different side chain lengths in air, in water, and in contact with protein 
solutions. Very different surface restructuring behaviors in water have been observed on different polymer surfaces, 
indicating that it is crucial to study polymer surfaces in situ. Interfacial interactions between polymer materials and 
biological molecules such as proteins and peptides have also been studied. SFG amide I signals from various 
secondary structural motifs such as alpha-helices and beta-sheets have been analyzed in detail using irreducible 
representations and projection operators. SFG measurements have been correlated to results obtained from 
molecular dynamics simulations. Time-dependent structural changes of proteins after adsorption to polymer surfaces 
have been monitored using SFG. This research demonstrates that SFG is a powerful technique to elucidate 
molecular structures of polymers and biomolecules at interfaces.  

 
COLL 549 Surface electronic states of MEH-PPV studied by 2D IR-visible sum frequency generation  
Keng C. Chou, Department of Chemistry, University of British Columbia, 2036 Main Mall, Vancouver, BC V6T1Z1, 
Canada, kcchou@chem.ubc.ca  

Conjugated polymers are of great interest for a wide range of applications such as chemical sensors, light-emitting 
devices, solar energy harvesting, and molecular electronics. To optimize the organic devices, it is important to 
understand their interfacial electronic states as the injected current has to flow through the interfaces. Studies using 
UV/visible absorption and photoluminescence spectroscopy have shown that the electronic states of conjugated 
polymers are sensitive to the physical conformation of polymer chains. At a polymer/solid interface, the polymer 
conformations are different from those in the bulk because the sold enforces a boundary condition. Two-dimensional 
(2D) IR-visible sum frequency generation (SFG) will be applied to study the surface electronic states of poly[2-
methoxy, 5-ethyl (2'-hexyloxy) para-phenylenevinylene] (MEH-PPV). By tuning both the IR and visible frequencies 
and detecting SFG, the 2D spectroscopic technique allows a highly selective probe for the surface electronic states 
associated with a specific surface functional group.  

 
COLL 550 Adsorption studies of biomolecules at interfaces using sum frequency generation vibrational 
spectroscopy, quartz crystal microbalance, dielectric spectroscopy, and conducting-probe atomic force 
microscopy  
Roger L. York1, Ozzy Mermut1, Diana C. Phillips1, Jeong Y. Park1, Keith R. McCrea2, Robert S. Ward2, and Gabor 
A. Somorjai1. (1) Lawrence Berkeley National Laboratory, Department of Chemistry, University of California, 
Berkeley, CA 94720, somorjai@berkeley.edu, (2) Polymer Technology Group, Berkeley CA 94710  

A combination of different surface-specific techniques (probing macroscopic and molecular-scale properties) was 
employed to examine the adsorption characteristics of biomolecules onto surfaces of variable chemistry and 
hydrophobicity. Various short-chain model peptides, composed to two types of amino acids (hydrophilic and 
hydrophobic) were synthesized to investigate the effect of the amino acid side-chain chemistry on their interfacial 
behavior. Sum Frequency Generation (SFG), a non-linear optical spectroscopic tool, provided molecular-level 
information on the orientation of adsorbed biomolecules. Quartz Crystal Microbalance (QCM) allowed quantitative in 
situ determination of the mass of adsorbed material. Impedance measurements were obtained using Dielectric 
Spectroscopy, to investigate perturbations of the electrical double layer, in the presence of adsorbed biomaterial. 
Lastly, we measured the morphological properties (topography, aggregation), mechanical properties (adhesion and 
friction force), and electrical transport properties (conductance) of adsorbed biomolecules at various liquid-solid 
interfaces using a Conducting Probe-Atomic Force Microscopy (CP-AFM).  

 
COLL 551 Odd-even effects in structures and properties of oganic self-assembled thin films on solid 
surfaces  
Feng Tao and Steven L. Bernasek, Department of Chemistry, Princeton University, Frick Chemical Lab, Princeton, 
NJ 08544, Fax: 609-258-6746  



Organic self-assembled thin films exhibit promising applications in a wide spectrum of advanced technological areas 
including molecule-based device and sensing techniques, various lubricating systems, nanopatterning and thin film 
material synthesis. Understanding the growth mechanism and formed structure and developing functional organic 
assembled thin films are crucial for realizing these technological applications. A great number of odd-even structure 
effects of organic self-assembled monolayers have been revealed in this field in the recent decade. They originate 
from various complex molecule-molecule and/or molecule-substrate interactions in the monolayer. These structural 
odd-even effects induce odd-even alternations of chemical, physical, surface and interfacial properties such as 
chemical reactivity, electronic property, friction behavior and thermal stability. Various structure and property odd-
even effects for organic monolayers self-assembled on different categories of solid surfaces will be presented. The 
difference in odd-even effects of different categories of solid surfaces will be discussed.  

 
COLL 552 Structural dependence of charge transport in organic molecular films  
Yabing Qi1, Bas Hendriksen2, Dani Esteban2, Imma Ratera3, Jeong Y. Park4, D. Frank Ogletree2, and Miquel 
Salmeron2. (1) Applied Science and Technology Graduate Group, University of California, Berkeley, Berkeley, CA 
94720, Fax: 510-486-6044, (2) Materials Sciences Division, Lawrence Berkeley National Laboratory, (3) (C.S.I.C) 
Campus Universitat Autonoma de Barcelona, Institut de Ciencia Materials de Barcelona, (4) Department of 
Chemistry, University of California, Berkeley, Lawrence Berkeley National Laboratory  

The charge transport properties and mechanical properties of alkanethiol and trans-stilbene based self-assembled 
molecules on Au(111) have been investigated by using a conducting probe atomic force microscope (CP-AFM) in 
ultrahigh vacuum. We found that there exists a clear correlation between them. The step-wise change previously 
found in alkanethiol molecular film thickness and friction upon pressing the molecules with atomic force microscope 
tip was observed in the tip-sample current. Increasing of tip-sample current is mainly due to tilt of molecules under 
the high pressure. We measured the decay constant β=0.58/Å for hexadecanethiol, significantly smaller than decay 
constant (~ 1/Å) that is caused by shortening the alkanethiol molecule length. Our calculation based on the two-
pathway model is in good agreement with the current measurement upon molecular tilt. We will discuss the new 
scheme of Field Effect Transistor (FET) configuration that allows us to measure the electron transport parallel to the 
self-assembled monolayer.  

 
COLL 553 Heat of adsorption and structure of calcium on poly(methyl methacrylate) (PMMA) surfaces  
Junfa Zhu, Paul Goetsch, Nancy Ruzycki, and Charles T. Campbell, Department of Chemistry, University of 
Washington, Seattle, WA 98195, Fax: 206-616-6250, jfzhu@u.washington.edu  

The interactions of Ca gas atoms with pristine and electron-irradiated PMMA surfaces have been measured by 
adsorption microcalorimetry, low energy He+ ion scattering spectroscopy (ISS) and sticking probability 
measurements. The initial sticking probability is only 0.5 for pristine PMMA, increasing to 0.75 for electron-irradiated 
PMMA (~1016 e-/cm2). The initial heat of Ca adsorption on pristine PMMA is ~750 kJ/mol, much higher than Ca's 
sublimation energy (178 kJ/mol), indicating that Ca bonds very strongly to PMMA. The initial heats of adsorption for 
electron-damaged surfaces are slightly lower than that for pristine PMMA. On all PMMA surfaces, the heat of 
adsorption approaches Ca's bulk heat of sublimation after depositing >3 monolayers, as a pure Ca overlayer grows. 
However, ISS shows that the PMMA surfaces still terminate in methyl groups after deposition of the first Ca 
monolayer, indicating that the Ca layer sits just below the surface (presumably bonding to ester groups).  

 
COLL 554 Overcoming 1ML limit in surface chemistry: Ullmann coupling reactions to >100nm thick 
oligothiophene films  
Seong H. Kim, Department of Chemical Engineering, Pennsylvania State University, 118 B Fenske Laboratory, 
University Park, PA 16802, shkim@engr.psu.edu  

One of the necessary conditions for the continuous progress of a heterogeneous reaction at the solid surface is the 
formation of the readily desorbing products. If the products do not desorb readily from the solid surface, they act as a 
barrier for further access to the active surface sites and this can stop further progress of the heterogeneous reaction. 
In other words, the surface chemistry is limited to the synthesis of only one monolayer thick product. This can be 
overcome if the desorption of the reaction product from the reaction sites is facilitated while the desorbed products 
are contained on the surface under the reaction condition. This paper describes the details of surface reactions 



producing >100 nm thick conjugated polymer films. When 2,5-diiodothiophene films deposited on copper are 
irradiated with UV at room temperature in Ar environments, oligothiophene films are synthesized. The average 
conjugation length of the produced film varies from ~7 to 3~4 as the film thickness increases from ~100 nm to ~500 
nm. In this process, organo-copper intermediate species are formed at the copper–monomer film interface and 
diffuse into the monomer film during the photochemical process.  

 
COLL 555 Characterization of surface bound thiolated single-stranded DNA mixed monolayers on gold  
Lara J. Gamble, NESAC/BIO, University of Washington, Box 351750, Seatle, WA 98195, David G. Castner, 
Departments of Bioengineering and Chemical Engineering, University of Washington, and Chi-Ying Lee, Department 
of Chemical Engineering, University of Washington  

DNA-modified surfaces have received considerable attention in the fields of bio- and nanotechnology due to their 
importance in the development of biosensing and diagnostic devices. Often these surfaces contain single-stranded 
DNA (ssDNA) that can hybridize with the appropriate complementary strand with background chemistry that will 
prevent non-specific adsorption of non-complementary DNA or other non-specifically adsorbed species. Many 
factors may affect the hybridization efficiency of these surfaces including DNA orientation and interference from the 
background chemistry. In this study, we investigate self-assembled thiolated ssDNA 20mer monolayers on gold 
containing different –OH terminated surface diluents. These diluents include varied hydrocarbon or 
oligo(ethyleneglycol) (OEG) containing chain lengths. Surface composition and orientation of these mixed DNA 
monolayers are characterized with X-ray photoelectron spectroscopy (XPS) and near-edge X-ray absorption fine 
structure (NEXAFS). DNA target hybridization on these different surfaces was monitored by SPR. The effect of the 
background diluent on the DNA orientation and hybridization efficiency is compared.  

 
COLL 556 Patterning proteins and cells using switchable superhydrophobic surfaces  
Peilin Chen, Research Center for Applied Sciences, Academia Sinica, 128, Sect2, Academia Rd., Nankang, Taipei 
115, Taiwan, peilin@gate.sinica.edu.tw  

Superhydrophobic surfaces, with a water contact angle larger than 150 degree, have attracted a lot of research 
attentions recently. The study of superhydrophobic surfaces dose not only allow investigating the influence of 
surface nanostructures on the water-repellent behavior similar to those observed in many living organs, but it may 
also lead to new industrial applications such as self-cleaning, anti-adhesion and oxidation resistant coating. It has 
been shown that the surface nanostructures amplify both hydrophobic and hydrophilic effect. Based on this 
observation, we have designed a switchable superhydrophobic surface using electrowetting effect. To fabricate 
switchable superhydrophobic surfaces, thin films of Teflon were spin-coated on the ITO glass and treated by oxygen 
plasma. Superhydrophobic surfaces with water contact angle up to 170 degree were obtained by this approach. 
When applying voltage, the water contact angle can be tuned systematically from 167 degree to <10 degree and 
switched from the superhydrophobic state to the superhydrophilic state within a few tens of seconds. Using an array 
of switchable superhydrophobic surfaces, we are able to pattern proteins such as IgG and cells such as HeLa cell on 
the superhydrophobic microarrays.  

 
COLL 557 Bond-selective single molecule manipulation at room temperature  
Richard E Palmer, Nanoscale Physics Research Laboratory, School of Physics and Astronomy, University of 
Birmingham, Birmingham B15 2TT, United Kingdom, Fax: +44 121 414 7327, R.E.Palmer@bham.ac.uk  

Bond-selective molecular manipulation is one of the frontiers of atomic manipulation with the Scanning Tunnelling 
Microscope (STM). Traditionally such experiments are conducted in the stable, low temperature regime; room 
temperature manipulation presents new challenges. Here we demonstrate room temperature, bond selective 
manipulation (“molecular dissection”) in a polyatomic molecule, chlorobenzene (C6H5Cl), anchored to the Si(111)-
7x7 surface by chemisorption. Recently we showed that electron (or hole) injection from the STM tip into the p* 
LUMO (p HOMO) orbitals of the benzene ring leads to controlled molecular desorption beyond a threshold voltage of 
+2.5V (-1.5V) [1]. Desorption is a one electron process. In this work we explore C-Cl bond dissociation in the 
chemisorbed chlorobenzene molecule [2]. Detailed STM images identify the azimuthal orientation of the individual 
chlorobenzene molecules and allow us to correlate the final location of the liberated chlorine “daughter” atoms with 
their parents. We identify Cl atoms up to 50Å from the parents. We also find that dissociation is a two-electron 



process and propose a vibrationally-mediated electron attachment mechanism. Finally, the branching ratio between 
desorption and dissociation is shown to depend on the STM tip configuration [3].  

1. P.A. Sloan, M.F.G. Hedouin, R.E.Palmer and M. Persson, Phys. Rev. Lett. 91 118301 (2003). 2. P.A. Sloan and 
R.E. Palmer, Nature 434 367 (2005). 3. P.A. Sloan and R.E. Palmer, Nano Lett. 5 835 (2005). www.nprl.bham.ac.uk 

 
COLL 558 Real-time single molecule imaging of alkene oxidation by manganese porphyrins at a liquid-solid 
interface  
Johannes AAW. Elemans1, Bas Hulsken2, Duncan den Boer2, Richard van Hameren1, Maxwell J. Crossley3, Alan 
E. Rowan2, Roeland JM. Nolte2, and Sylvia Speller1. (1) Institute for Molecules and Materials, Radboud University 
Nijmegen, Toernooiveld 1, 6525 ED Nijmegen, Netherlands, Fax: (+31) 24 3652929, J.Elemans@science.ru.nl, (2) 
Institute for Molecules and Materials, Radboud University, (3) School of Chemistry, University of Sydney  

Many chemical reactions are catalyzed by metal complexes and insight in their reaction mechanisms is of 
fundamental importance for designing new chemical processes. A host of conventional spectroscopic techniques is 
available to study mechanisms at the ensemble level, but with the advent of scanning probe microscopy it has 
become possible to obtain insight at the level of single molecules. We present an in situ Scanning Tunneling 
Microscopy (STM) study of a heterogeneous catalyst prepared by self-assembling manganese porphyrins at the 
interface of Au(111) and n-tetradecane in a liquid-cell STM. The activation by individual manganese porphyrin 
catalysts of molecular oxygen and the distribution of both its oxygen atoms over two adjacent porphyrins was 
observed. The resulting activated surface was capable of catalyzing the epoxidation of stilbene. This unique new 
method, in which all steps of a chemical reaction can been monitored in real-space at the single catalyst level, will be 
reported.  

 
COLL 559 STM investigation of the structure, dynamics and reactivity of porphyrins on Ag(100)  
R. M. Lambert1, O P H Vaughan1, M Turner1, F J Williams1, A Hille1, N Bampos1, and Jeremy K. M. Sanders2. (1) 
Department of Chemistry, Cambridge University, Lensfield Road, Cambridge CB2 1EW, United Kingdom, 
rml1@cam.ac.uk, (2) Department of Chemistry, University of Cambridge  

Bottom-up fabrication of nanoscopic devices such as gears, ratchets, turnstiles, switches and elevators attracts 
much attention. Here we are concerned with chemically switchable surface-tethered rotors created by a self-
assembly method. These molecular pinwheels were made by mounting Zn tetra-[3,5-di-tert-butylphenyl]porphyrin 
(Zn-TBPP) molecules (the “wheels”) on the Ag(100)-adsorbed bi-functional ligand 4-methoxypyridine (the “axles”). 
Rotation of all the pinwheels can be switched on or off simultaneously by addition or removal, respectively, of the 4-
methoxypyridine axles. Thus a well-chosen ligand can be used to convert a static array of metalloporphyrin 
molecules into an assembly of surface mounted rotors. Related work on the reversible capping/uncapping of Zn-
TBPP by the ligand DABCO is also discussed. Finally, we demonstrate covalent tethering of the protected 
tetra(thioacetyl) porphyrin to Ag(100) by surface-activated cleavage of the acetyl protecting groups, which disperse 
over the surface with exposure to oxygen, leaving static porphyrin molecules bound to Ag by thiol linkages.  

 
COLL 560 Bimolecular supramolecular templates  
Peter H Beton1, Luis MA Perdigao1, Paul A Staniec1, Giselle Fontes1, Richard HJ Fawcett1, Ben L Rogers1, Neil R 
Champness2, Gudrun Goretski2, and David R Ring2. (1) School of Physics & Astronomy, University of Nottingham, 
Nottingham NG7 2RD, United Kingdom, peter.beton@nottingham.ac.uk, (2) School of Chemistry, University of 
Nottingham  

The formation of bimolecular supramolecular networks stabilised by triple hydrogen bonds is described. The 
templates form spontaneously when perylene tetracarboxylic di-imide and melamine are deposited on a gold or 
passivated silicon surface. The network consists of an array of nanoscale pores in which other molecules such as 
fullerenes or planar pi-congugated molecules may be trapped. Other molecules with different sizes and geometries 
which display similar hydrogen bonding, such as cyanuric acid, also form networks and the spacing of pores is 
controlled through the choice of molecule. We disucss the range of novel materials which may be grown within the 
nanoscale pores together with switching effects and transfer of material from pore to pore. Modification, through 
molecular manipulation, of the network arrangement is also discussed.  



 
COLL 561 Self organized aromate phases: From intermolecular interactions to monolayer architecture  
J. E. Reutt-Robey, Dept. of Chemistry & Biochemistry, U of Maryland, College Park, MD 20742, Fax: (301) 314-
9121, rrobey@wam.umd.edu  

Aromatic molecular film architecture is of intense fundamental and technological interest. We report first on the 
structure and evolution of single-component films of related anthracene- and acridine- derivatives. We show how 
slow physical vapor deposition (~ 0.1 ML/s) at room temperature on Ag(111) yields molecular films with near-
equilibrium structures. We report coverage-dependent 2-D phase diagrams for acridine-carboxylic acid and 
anthracene-carbonitrile, as obtained from STM images. We present structural models for all ordered phases and 
corroborate these structural models with IRRAS and XPS spectroscopy. We then describe how rapid vapor 
deposition (>10 ML/s) yields metastable films structures. In the case of anthranoic acid (AA), metastable phases 
undergo 2-D phase transformations to yield more stable phases, as monitored with time-lapsed STM. Finally, we 
demonstrate how equilibrium 2-D phases of single-component molecular films can be harnessed to fabricate novel 
binary molecular films structures. In particular, we fabricate robust C60-ACA films with either chiral C60-ACA or 
chain-C60 arrangements, as directed by the predeposited ACA 2-D phase.  

 
COLL 562 STM- and AFM-based nanolithography and characterization of model molecular electronics  
Gang-Yu Liu1, Guohua Yang2, Alex Riposan2, and Li Tan2. (1) Department of Chemistry, University of California, 
Davis, One Shields Ave, Davis, CA 95616, Fax: 530-752-8995, liu@chem.ucdavis.edu, (2) Chemistry, University of 
California  

In the last decade, scanning tunneling microscopy (STM) and atomic force microscopy (AFM) have revealed new 
information regarding self-assembled monolayers (SAMs) and metal nanoparticles at the molecular level. New 
insights of SAM structures and electronics properties are revealed from the perspective of potential applications in 
molecular devices. This presentation reports investigations of various SAM nanostructures (or model molecular 
electronics) produced using STM- and AFM-based lithography. The electronic properties such as current versus 
voltage (I-V) measurements are systematically taken for SAM nanostructures and nanoparticles. These studies 
reveal the conductivity of SAMs and single electronic tunneling properties of nanoparticles. In addition the systematic 
I-V studies also provide new means for STM nanofabrication.  

 
COLL 563 An investigation of electrocatalytic activities and stability of Pt nanoparticles of different size and 
shape  
Ceren Susut1, George B Chapman2, and YuYe Tong1. (1) Department of Chemistry, Georgetown University, 37th & 
O Streets, NW, Washington, DC 20057, cs345@georgetown.edu, (2) Department of Biology, Georgetown University  
This oral communication will present new data on the electrocatalytic activity and stability of Pt nanoparticles of 
different size (3-10 nm) and shape (cubic, octahedral/tetrahedral or mixed) synthesized by a modified polyol-based. 
The statistic partition among different single crystal surface planes of the particles was characterized using high-
resolution TEM pictures and irreversible Bi and Ge adsorption. The electrocatalytic activities of the particles were 
monitored by electrochemical CO stripping and methanol electro-oxidation. Clear and sensitive shape and size 
dependences of the CO stripping peak potential and the methanol electro-oxidation peak current were observed. 
Additionally, the stability of these particles after being subject to multiple (~ 200) CV cycling was investigated using 
both TEM and electrochemical methods. It was observed that octahedral/tetrahedral particles preserved their shapes 
the most during electrocatalysis.  

   

 
COLL 564 Electro-oxidation of formic acid catalyzed by FePt nanoparticles  
Wei Chen1, Jaemin Kim2, Shouheng Sun2, and Shaowei Chen1. (1) Department of Chemistry and Biochemistry, 
University of California, Santa Cruz, 1156 High Street, Santa Cruz, CA 95064, Fax: 831-459-2935, 
chenwei@chemistry.ucsc.edu, chenwei@chemistry.ucsc.edu, (2) Department of Chemistry, Brown University  

The electrocatalytic oxidation of formic acid at a gold electrode functionalized with FePt nanoparticles was studied by 
cyclic voltammetry and electrochemical impedance spectroscopy (EIS). The FePt bimetallic nanoparticles (dia. ~3 



nm) were prepared by a chemical reduction method. The Au/FePt nanostructured electrode was prepared firstly by 
the deposition of FePt nanoparticles onto a clean Au electrode surface, followed by ultraviolet-ozone treatment to 
remove the organic coatings. In CV measurements, two well-defined anodic peaks were observed which were 
attributed to the oxidation of HCOOH to CO2 on surface unblocked by CO, and the oxidation of surface-adsorbed 
CO and further oxidation of bulk HCOOH, respectively. From the onset potential and current density, FePt 
nanoparticles exhibit excellent electrocatalytic activities as compared to Pt and other metal alloys. EIS 
measurements were carried out to further examine the reaction kinetics involved in the HCOOH electro-oxidation. 
The EIS responses were found to be strongly dependent on electrode potentials. The mechanistic variation was 
attributed to the formation of different intermediate (CO or oxygen containing species) on the electrode surface in 
different potential regions. Two equivalent circuits were proposed to model these impedance behaviors.  

 
COLL 565 Enhanced characterization of non-platinum electrocatalysts using multivariate analysis  
Svitlana Pylypenko, Kateryna Artyushkova, Julia E. Fulghum, Timothy S. Olson, and Plamen Atanassov, Chemical 
& Nuclear Engineering, University of New Mexico, 209 Farris Engineering Center, Albuquerque, NM 87131, Fax: 
505-277-5433, spylypen@unm.edu  

A new class of non-platinum electrocatalysts, based on pyrolysed porphyrins, was studied using X-ray photoelectron 
spectroscopy (XPS) in combination with multivariate analysis. Analysis of chemical bonding information from XPS 
spectra frequently utilizes deconvolution of the spectra into multiple peaks, resulting in significant interpretational 
ambiguities. Multivariate analysis techniques, in combination with conventional curve fitting, facilitate both 
interpretation of the data and the development of structure-property correlations. Principal component analysis was 
applied to the XPS curve fit results from electrocatalyst enabling identification of Co, O, N and C species, grouping of 
chemical species as a function of catalyst treatment, and correlation with electrochemical performance.  

 
COLL 566 High speed voltammetric analysis of time constants for water activation and CO island formation 
during methanol electro-oxidation  
Eugene S. Smotkin, Department of Chemistry, University of Puerto Rico at Rio Piedras, PO Box 23346, San Juan, 
PR 00931-3346, esmotkin@cnnet.clu.edu, and Eugene Kernerman, NuVant Systems Inc  

Methanol oxidation is studied on 10 µm polycrystalline Pt electrodes at scan rates from 10 mV/sec to 100 
volts/second. At 200 mV/sec a peak begins to appear on the forward scan of the methanol oxidation cyclic 
voltammogram. The peak current increases with a power law until about 25 to 30 volts per second, where the peak 
current then decreases with increasing scan rate. Finally at 100 volts/second, there is no evidence of methanol 
oxidation. Interference from IR drop and double layer capacitance are mitigated by the use of micro-electrodes. This 
data is consistent with several time constants that include island formation of adsorbed CO, and a time constant 
associated with the water activation process. The analysis of deuterium isotope high speed voltammetric studies of 
methanol oxidation on Pt will also be discussed.  

 
COLL 567 Mesoscale simulations of hydrated Nafion membranes  
Aleksey M Vishnyakov, TRI?Princeton, 601 Prospect ave, Fax: 609-683-7149, avishnja@triprinceton.org, and 
Alexander V. Neimark, Center for Modeling and Characterization of Nanoporous Materials, TRI/Princeton, 601 
Prospect Avenue, Fax: 609-683-7149, aneimark@triprinceton.org  

We report mesoscale simulations of hydrated Nafion using dissipative particle dynamics (DPD) method. The charges 
are "smeared out" over the effective spherical bead [1]. Parameters for ionic species are fitted to activity coefficients 
of ions in aqueous solutions. When no experimental data is available, we employ COSMO model [2]. The 
parameters for the fluorocarbon skeleton are chosen to reproduce skeleton rigidity and conformations in water 
obtained in molecular dynamics simulation on atomic level [3].  

We performed 3 simulations with the water content of 3, 6, 12, and 17 wt %. 12% wt approximately corresponds to 
the saturation. The total number of beads was about 67,000. At the water content of 3 wt%, we observed formation 
of separated hydrophilic clusters, containing water and sidechains. At higher water contents, a continuous 
hydrophilic subphase was formed. No particular segregation morphology in any of the systems was detected. 
However, the tessellation analysis shows that the hydrophilic subphase is comprised of a three-dimensional network 



of irregular channels of the average diameter of 2, 2.5 and 3 nm at 6, 12 and 17 wt% of water, respectively. The 
modeling allows one to estimate the structural parameters (volume fraction or porosity, surface area, channel 
diameter) and the transport coefficients (permeability, conductivity) in the hydrophilic subphase. Also, it is possible to 
mimic SAXS, SANS, and NMR experiments to discriminate the structural models used for interpretation of the 
experimental data.  

(1) GROOT R. D. J.Chem.Phys. 2003, 118, 11265 (2) Eckert, F. and A. Klamt, , AlChE Journal, 48, 369 (2002) (3) 
VISHNYAKOV A.; NEIMARK A. V. J.Phys.Chem.B 2000, 104, 4471.  

 
COLL 568 Phosphine-stabilized platinum nanoparticles as electrocatalysts for fuel cells  
Cynthia N. Kostelansky1, Jeremy J. Pietron2, Mu-San Chen1, Walter J. Dressick1, Karen Swider-Lyons3, David E. 
Ramaker4, Rhonda M. Stroud5, Christopher A. Klug1, Brian S. Zelakiewicz6, and Terence L. Schull7. (1) Center for 
Bio/Molecular Science & Engineering, Naval Research Laboratory, 4555 Overlook Avenue, SW, Code 6910, 
Washington, DC 20375, ckostelansky@cbmse.nrl.navy.mil, (2) Surface Chemistry Branch, Code 6170, Naval 
Research Laboratory, (3) Surface Chemistry Branch, Naval Research Laboratory, (4) Department of Chemistry, 
George Washington University, (5) Code 6360, Materials and Sensors Branch, Naval Research Laboratory, (6) 
Chemistry Division, Naval Research Laboratory, (7) Center for Bio/Molecular Science and Engineering, US Naval 
Research Laboratory, 4555 Overlook Avenue, SW, Code 6900, Washington, DC 20375, Fax: 202-767-9594, 
schull@nrl.navy.mil  
   

   

   

Many examples have been reported of ligand-stabilized metal nanoparticles being used as electrocatalysts as well 
as catalysts for organic synthesis.  Typically, though, the ligand is a polymer or surfactant whose primary function is 
to provide chemical stabilization to the nascent metal particles as they are formed.  Subsequently, the ligand is either 
removed or ignored as a component of the catalyst system.  However, not only can the ligand control the size and 
morphology of metal nanoparticles, it offers the potential to alter the electronic states of the surface atoms of metal 
nanoparticles, thereby changing their chemical activity, much like in molecular transition metal complexes.   We wish 
to report some of our work in preparing well-characterized platinum nanoparticles stabilized with water-soluble 
phosphines such as tris(4-phosphonatophenyl)phosphine (TPPTP), and their characterization by TEM, EXAFS, 
XPS, and multinuclear NMR.  We also report on the inclusion of these particles in polyelectrolyte multilayers and 
their resulting electrochemistry.  

 
COLL 569 X-ray photoelectron spectroscopy and reactivity of metal/alloy nanoparticles  
W. Zhou, A. Lewera, H. Duong, and Andrzej Wieckowski, Department of Chemistry, University of Illinois at Urbana-
Champaign, 600 South Mathews Avenue, Urbana, IL 61801, andrzej@scs.uiuc.edu  

In the HNM theory, Hammer, Norskov and Mavrikakis using DFT calculations demonstrated that the shift in the 
metal d-band center, e.g., due to metal surface structure change and/or alloying, could be directly linked to the 
activity in heterogeneous catalysis. The experimental observable to correlate with the center of the d-band excursion 
is the electron core level binding energy shift accessible from XPS measurements. Our group specializes in such 
measurements using apparatus connecting electrochemistry and electron spectroscopy of surface science, either of 
a laboratory scale on in a synchrotron setting. We study a range of electrocatalysts (usually fuel cell catalysts) to see 
if we could use the theory to interpret the data and predict unknown behaviors. We know, for instance, that the 
combination of Ru and Pt yields a potent Pt/Ru catalyst for methanol oxidation to carbon dioxide. In the catalyst, Pt 
sites break the methanol molecule to CO through a series of C-H bond scissions and the CO is oxidized to CO2 at 
the Ru sites. The question is: will the HNM theory help us to understand the data we obtain? We also know that 



formic acid oxidation on unsupported nanoparticle catalysts shows the reactivity dependence on the Pd particle size. 
The question is: can the HNM theory be used to explain this behavior? And: can new designs of fuel cell catalysts be 
derived from the “theory/experiment interface”? The seminar will center on addressing these critical issues in 
modern fuel cell science.  

 
COLL 570 Looking at liquid-phase heterogeneous catalysts at work: An ATR-IR approach  
Davide Ferri, Department of Chemistry and Applied Biosciences, ETH Zurich, Institute for Chemical and 
Bioengineering, HCI, Zurich 8093, Switzerland, davide.ferri@chem.ethz.ch  

The investigation of liquid-phase heterogeneous catalysts under working conditions is receiving increasing interest 
due to the development of adequate spectroscopic techniques overcoming problems related to the presence of the 
solvent. Attenuated total reflection infrared spectroscopy (ATR-IRS) is a tool of choice to follow surface processes at 
solid-liquid interfaces and recent studies demonstrated its potential for catalytic applications. The complex reaction 
mechanism of alcohol oxidation on Pd/Al2O3 has been characterized using ATR-IRS in combination with GC and 
online FTIR for activity measurements. Monitoring the evolution of surface species and differentiating active metal 
sites for dehydrogenation and decarbonylation can be achieved during reaction. Moreover, important differences in 
the abundance of surface species in presence of Bi reveal the likely origin of the promoter effect on Pd. A second 
significant example is given by the determination of the surface imino-intermediate involved in the Knoevenagel 
reaction over aminopropyl-modified silica.  

 
COLL 571 Attenuated total reflection infrared spectroscopy for in situ studies of photo-catalytic reactions  
Thomas Bürgi, Institut de Chimie, University of Neuchatel, Rue Emile-Argand 11, Neuchatel 2009, Switzerland, 
Fax: ++41 32 718 25 11, thomas.burgi@unine.ch  

Modulation excitation spectroscopy (MES) in combination with attenuated total reflection infrared spectroscopy 
(ATR-IR) is used to selectively spot the species at the solid-liquid interface that are involved in the catalytic cycle. 
MES uses the periodic change of a reaction parameter, such as temperature, pressure or concentration of a 
reactant, to stimulate the catalytic system. We present a further improvement of ATR-IR MES, namely the 
simultaneous stimulation of the catalytic system by two independent parameters. The relative phase of the two 
stimulations is a new experimental variable, which allows discriminating between different species at the catalytic 
solid-liquid interface. To demonstrate the power of the technique we present a study on the photo-catalytic 
degradation of carboxylic acids on TiO2. The two parameters that are simultaneously and independently changed 
are the light flux and the concentration of the acid in solution.  

 
COLL 572 In situ studies of supported catalysts in the liquid phase using ATR-IRS and TIR-SFS  
S. Beau Waldrup, Ivelisse Ortiz-Hernandez, and Christopher T. Williams, Department of Chemical Engineering, 
University of South Carolina, Swearingen Engineering Center, Columbia, SC 29208, Fax: (803)777-8265  

Solid-catalyzed liquid-phase reactions are playing an increasingly important role in the fine chemicals and 
pharmaceuticals industries. In order to elucidate how such heterogeneous catalysts function, there is a clear need 
for in-situ surface chemical information to be obtained. Compared with gas-phase systems, there are relatively few 
vibrational studies of solid-liquid catalytic systems. This is largely due to the inherent difficulties of studying such 
“buried” interfaces, including the large spectral interference caused by the bulk phase. We have been exploring two 
novel surface vibrational approaches to the study of solid-liquid catalytic interfaces: attenuated total reflection 
infrared spectroscopy (ATR-IRS) and total internal reflection sum-frequency spectroscopy (TIR-SFS). The 
advantages and disadvantages of each approach will be highlighted using recent results obtained for Pt/Al2O3 
during nitrile adsorption/hydrogenation in hexane and ethanol, and nitrophenol adsorption/hydrogenation in water. 
The prospects of using these approaches for future in-situ and operando catalytic investigations will be briefly 
discussed.  

 
COLL 573 The effect of water on the adsorbed NOx species over BaO/Al2O3 NOx Storage Materials: A 
combined FTIR and in situ time-resolved XRD study  
Charles H. F. Peden1, Janos Szanyi1, Do Heui Kim1, Ja Hun Kwak1, XianQin Wang1, William S. Epling2, and 



Jonathan C. Hanson3. (1) Institute for Interfacial Catalysis, Pacific Northwest National Laboratory, EMSL, MS K8-93, 
P. O. Box 999, Richland, WA 99352, Fax: 509-376-1044, chuck.peden@pnl.gov, (2) Department of Chemical 
Engineering, University of Waterloo, (3) Chemistry Department, Brookhaven National Laboratory  

New approaches toward NOx reduction in fuel-efficient oxygen-rich environments are being explored with one of the 
most promising being the NOx storage/reduction technology based on barium oxide-based materials. In a combined 
spectroscopic study, we identified the nature of NOx species formed on BaO storage materials during NO2 
adsorption. Two fundamentally different nitrate species were identified; surface nitrates on the monolayer of BaO 
covering the Al2O3 support surface, and bulk-like Ba(NO3)2 that forms in the reaction of NO2 with BaO in excess of 
that needed for the monolayer coverage. We also discuss how the morphology of the Ba-containing phase changes 
during the catalyst activation/NO2 uptake/NOx release cycle. Water, a major component of the exhaust gas mixture, 
is known to significantly affect the NOx storage process. In this study we investigated the effect of water on nature of 
the adsorbed NOx species (FTIR, TPD), and the BaO morphology after NOx uptake (TR-XRD).  

 
COLL 574 Combined IR, Raman and MS Operando spectroscopic study of supported Pt/Ba/K/Al2O3 NOx 
storage catalysts in lean and rich conditions  
Wenyong Lin and Israel E. Wachs, Department of Chemical Engineering, Operando Molecular Spectroscopy & 
Catalysis Laboratory, Lehigh University, 7 Asa Drive, Sinclair 117, Bethlehem, PA 18015, wel204@Lehigh.edu  

A combined IR, Raman and MS operando spectroscopic strategy was employed to examine the NOx storage and 
reduction process of supported Pt/Ba/K/Al2O3 catalysts in real time in the 25-400 oC temperature range and 
different environments (lean and rich gas compositions). Raman spectroscopy provided molecular structural 
information about the oxidation state of the supported Pt and formation of bulk crystalline nitrate and carbonate 
species. The complementary IR spectroscopy provided molecular structural information about the surface adsorbed 
NOx and COx species and the online mass spectrometer provided the real time product evolution from the catalytic 
bed. The platinum component was present as PtOx, indicated by Raman band at 500-600 cm-1, under lean 
conditions and metallic Pt under rich conditions. Exposure to NO2 flow resulted in both surface and bulk nitrate 
formation with the latter being accelerated in the presence of PtOx. Exposure to CO2 resulted in the formation of 
surface and bulk carbonates, IR bands at 1300-1500 cm-1 and Raman band at 1060 cm-1, respectively, which were 
partly depleted in the presence of NO2 flow. The NOx storage-reduction mechanism over supported Pt/Ba/K/Al2O3 
catalysts will be discussed from these new fundamental molecular level insights.  

 
COLL 575 Nanochemistry approach to amplification for biological detection  
Chad A Mirkin, Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, Fax: 
847-467-5123  

An ultrasensitive method for detecting protein analytes has been developed. This system relies on magnetic 
microparticle probes with antibodies that specifically bind a target of interest, nanoparticle probes encoded with DNA 
that is unique to the protein target of interest, and antibodies that can sandwich the target captured by the 
microparticle probes. Magnetic separation of the complexed probes and target, followed by dehybridization of the 
oligonucleotides on the nanoparticle probe surface allows one to determine the presence of the target protein by 
identifying the oligonucleotide sequence released from the nanoparticle probe. Because the nanoparticle probe 
carries a large number of oligonucleotides per protein binding event, there is substantial amplification and protein 
targets in the 500 zeptomolar to picomolar concentration range can be detected. Comparable clinically accepted 
conventional assays for detecting the same targets have sensitivity limits of ~ 3 pM, 6 orders of magnitude less 
sensitive than what is observed with this method. The assay has been developed for prostrate cancer, ovarian 
cancer, HIV, cardiac markers, and Alzheimer's disease. We will also discuss how this assay has been transitioned to 
nucleic acids, small molecules, and metal ion detection.  

 
COLL 576 Growth of metal nanostructures on templates of RNA-aptamer catalysts formed by scanned probe 
nanolithography  
Sung-Wook Chung1, John V. LaTour1, James J. DeYoreo1, Ted M. Tarasow2, Lina A. Gugliotti3, Daniel L 
Feldheim3, and Bruce E. Eaton4. (1) Chemistry and Materials Science, Lawrence Livermore National Laboratory, 
P.O.Box 808, L-233, 7000 East Ave., Livermore, CA 94551, Fax: 925-422-2041, chung20@llnl.gov, (2) Chemistry & 



Materials Science Directorate, Lawrence Livermore National Laboratory, (3) Department of Chemistry, North 
Carolina State University, (4) Department of Chemistry and Biochemistry, University of Colorado  

Organizing nanostructures into deterministic patterns at surfaces is a fundamental challenge of nanoscience. 
Combining self-assembly with nanolithography in which chemical patterns serve as templates to define the locations 
of nanoparticle attachment has been investigated as one potential solution. But to be generally applicable to multi-
component systems, this approach requires a variety of linker molecules that can be used to selectively template a 
wide range of materials. Moreover, these compounds must be amenable to nanoscale patterning on surfaces in a 
functional state. Recently, RNA-aptamers were demonstrated as catalysts for synthesis of metal nanoparticles. Here 
we report results using scanned probe nanolithography to create patterns of RNA-aptamers that serve as catalytic 
templates for the growth of metal nanoparticles. We also present results from atomic force microscopy studies on 
nucleation and growth of nanoparticles at these templates and electron microscopy investigations of the resulting 
morphologies and structures.  

This work was performed under the auspices of the U. S. Department of Energy by the University of California, 
Lawrence Livermore National Laboratory under Contract No. W-7405-Eng-48. 

 
COLL 577 Nanostructures for enzyme stabilization  
Jungbae Kim, Pacific Northwest National Laboratory, Richland, WA 99352, Jungbae.Kim@pnl.gov  

Single-enzyme nanoparticles (SENs), a unique nanostructure, dramatically stabilized alpha-chymotrypsin by 
surrounding each enzyme molecule with a porous composite organic/inorganic network of less than a few 
nanometers thick. The synthetic procedure, entailing enzyme modification and two orthogonal polymerization steps, 
yields nanoparticles containing a single enzyme, which can be observed by transmission electron microscopy and 
atomic force microscope. In experiments with alpha-chymotrypsin, incorporation into the nanostructure dramatically 
increased the enzymatic stability. Furthermore, the nanoscale structure around the enzyme is sufficiently thin that it 
does not impose a significant mass transfer limitation on the substrate. As an application of SENs, we have prepared 
SENs containing trypsin for the protein digestion in proteomic analysis. Because these nanoparticles remain soluble 
or suspended in solutions, they can be further processed into a variety of forms. They can be used in solution, cast 
into thin films, or immobilized onto nanostructured matrices such as nanoporous materials, nanowires and carbon 
nanotubes. The combination of SENs and nanostructured matrices with a large surface area will make an ideal 
system for many applications including remediation, decontamination, antifouling, biosensors, bioreactors, 
microfluidic devices, and protective layers. Several examples of successful processing will be given in this 
presentation. Several other nanostructures such as nanofibers and nanoporous media will also be discussed for the 
development of stable enzyme system.  

 
COLL 578 Construction of a novel bio-reactor by combining nano-biotechnology and micro-encapsulation 
method  
Guanghui Ma1, Fei Gao1, Ping Wang2, and Zhiguo Su1. (1) National Key Laboratory of Bio-chemical Engineering, 
Institute of Process of Engineering, Chinese Academy of Sciences, Zhong-Guan-Cun, Beijing 100080, China, Fax: 
86-10-82627072, ghma@home.ipe.ac.cn, (2) Department of Chemical and Biomolecular Engineering, The University 
of Akron  

A novel bio-reactor (artificial cell) was constructed by combining nano-technology and micro-encapsulation method. 
The enzyme was first immobilized on nano-particle, which was further encapsulated in a microcapsule with nano-
porous wall by W/O/W emulsion – polymerization process. That is, the enzyme-immobilized nano-particles were 
dispersed in inner water phase, which was emulsified in methyl methacrylate (MMA)/diluent to form W1/O primary 
emulsion. Then, the W1/O was dispersed further in outer water phase to form W/O/W emulsion. After multi-inner 
water phase coalesced to single phase, polymerization was carried out. The nano-porous wall allowed the substrate 
to pass through the wall freely. Nano-particles contributed to maintain the enzyme stability, and could move freely in 
the inside of the microcapsule. Furthermore, the high mechanical strength of microcapsules would allow it to be used 
in chromatographic column, as well as in a reactor, compared with conventional gel microcapsules.  

 



COLL 579 Applications of biomolecular motors in nanotechnology  
Henry Hess, Ashutosh Agarwal, Thorsten Fischer, Parag Katira, Michelle Kinahan, Isaac T Luria, and Robert 
Tucker, Dep. of Materials Science and Engineering, University of Florida, 160 Rhines Hall, Gainesville, FL 32611, 
Fax: 352-846-3355, hhess@mse.ufl.edu  

Biomolecular motors efficiently convert chemical energy into mechanical work by hydrolyzing ATP. This talk will 
review recent advances in the design of hybrid devices and materials which integrate in particular the motor protein 
kinesin. Molecular motors enable in principle new approaches to a wide range of applications, including activated 
self-assembly, nanorobotics, self-healing, adaptive materials, nanofluidics, and biosensing. However, a gain in 
performance compared to existing approaches depends on a fundamental understanding of the flow of reactants 
and energy through these non-equilibrium systems of soft materials.  

 
COLL 580 Protein cage architectures as biomimetic scaffolds for catalytic nanoparticles  
Trevor Douglas, Department of Chemistry & Biochemistry, Montana State University, Center for Bioinspired 
Nanomaterials, Gaines Hall, Bozeman, MT 59717, Fax: 406-994-5407, tdouglas@chemistry.montana.edu, and Mark 
J. Young, Center for Bio-Inspired Nanomaterials, Montana State University  

We have developed synthetic strategies for the formation of size-constrained nanoparticles of metals, metal oxides, 
and metal sulfides, using a range of protein cage architectures. The size of these particles can be varied in the range 
from 1 to 30 nm in diameter allowing us to explore the size dependent properties of the nanoparticles.  

This biomimetic approach is inspired by the encapsulation strategies exhibited by biomolecular systems such as iron 
storage in ferritin and nucleic acid packaging in viruses. We have demonstrated the synthesis of metal oxide 
nanoparticles (Mn, Fe, Co) and shown their photocatalytic activity towards Cr(VI) reduction. Also, we have well 
defined metallic clusters of Pt-group metals, synthesized within protein cage architectures, have been shown to be 
very active catalysts for H+ reduction in the synthesis of H2.  

 
COLL 581 Magnetic nanoparticle-supported enzymatic and biomimetic catalysis  
Yong Gao, Department of Chemistry and Biochemistry, Southern Illinois University, 224 Neckers Hall, Carbondale, 
IL 62901, Fax: 618-453-6408, ygao@chem.siu.edu  

Our research group has recently investigated magnetic nanoparticle-supported enzymatic and biomimetic catalyses. 
Lipase and acylase enzymes immobilized on the surface of a maghemite nanoparticle of various dimensions were 
utilized for catalyzing two types of asymmetric resolution reactions. Under an external magnetic field, supported 
enzymes could be facilely recovered for repeated uses. Chemical immobilization led to the decrease of the activity of 
the enzyme, but its long-term stability was improved. The structure of the nanoparticle host (e.g. size) has strong 
effects on the catalytic activity of the supported bio-catalysts. In addition, our group has studied a series of 
biomimetic nano-catalysts. Amino acid analogues anchored on the surface of a 12 nm maghemite nanoparticle were 
found to work collaboratively as biomimetic nano-catalysts for cleaving phosphoester and carboxylic ester bonds 
under mild conditions without employing extremes of pHs or heavy metals.  

 
COLL 582 Deposition of gold nanoparticles over silicon-based substrates patterned with peptides  
Hassan M. Borteh1, Nicholas Ferrell2, Randall Butler3, Derek Hansford2, and Susan Olesik4. (1) Biophysics, The 
Ohio State University, 1381 Kinnear Rd., Columbus, OH 43212, borteh.2@osu.edu, (2) Biomedical Engineering, The 
Ohio State University, (3) Materials Science and Engineering, The Ohio State University, (4) Chemistry, The Ohio 
State University  

In this work we demonstrate the deposition of gold nano-particles from an aqueous solution of HAuCl4 on peptide or 
protein patterns. Gold templates have been used widely in biosensors and micro- and nano-wires. This approach 
tries to obtain dense and uniform patterned deposition of gold on the substrates. First, silicon substrates with 
thermally grown oxide layer, coated Ni, and native oxide were patterned with a polymer in the clean room. Then a 
solution of 3X FLAG peptide or bovine serum albumin was applied on the patterned samples, and the polymer layer 
was removed with an organic solvent (lift-off process). Finally, an aqueous solution of HAuCl4 was reacted with the 



protein template. The protein template acted as a catalyst in gold reduction, and gold particles were deposited on top 
of the protein template. Scanning electron microscopy (SEM) and atomic force microscopy (AFM) were used to 
evaluate the results.  

 
COLL 583 Energetics of receptor tyrosine kinase dimerization  
Edwin Li, Kalina Hristova, and Mikhail Merzlyakov, Materials Science and Engineering, Johns Hopkins University, 
3400 N. Charles Street, Baltimore, MD 21218, eli5@jhu.edu  

The lipid bilayer is widely used as a simple model environment to study events that occur in biological membranes. 
We are developing methods to probe the interactions of membrane proteins in this mimetic system. In the cell 
membrane, lateral dimerization of receptor tyrosine kinases (RTKs) has evolved as a means of signal transduction to 
regulate cell proliferation, motility and differentiation. The transmembrane (TM) domains of these receptors are 
proposed to play an important role in the dimerization process. We have shown that the TM domains of one RTK, 
fibroblast growth factor receptor 3 (FGFR3), dimerize in bilayers in the absence of the extracellular domains and 
ligands. We have also determined the change in dimerization free energy due to a single amino acid pathogenic 
mutation. Dimerization propensity was assessed using Forster resonance energy transfer (FRET) in various bilayer 
systems, such as lipid vesicles and surface supported bilayers. The developed method is useful for quantifying the 
free energy of dimerization of weak dimers, and the changes in dimer stability due to sing amino acid mutations in 
transmembrane helices.  

 
COLL 584 Amphiphilicity and the folding of helical peptides in membrane interfaces  
Stephen H. White1, Mónica Fernández-Vidal1, and Alexey S. Ladokhin2. (1) Dept. of Physiology and Biophysics, 
University of California at Irvine, Med. Sci I D346, University of California at Irvine, Irvine, CA 92697, 
blanco@helium.biomol.uci.edu, (2) Department of Biochemistry and Molecular Biology, KUMC  

Amphipathic helical peptides bind strongly to membranes. But what is the role of amphiphilicity in interfacial 
partitioning, and how can it be quantitated? In order to answer these questions we have established (1) a 
quantitative relationship between hydrophobic moment (mH) and peptide binding, and (2) the per-residue free 
energy reduction that drives interfacial peptide folding. We used a family of model peptides that contain Ala, Leu and 
Gln, in which we varied the sequence while keeping the amino acid content constant in order to change the 
amphiphilicity. Although mH clearly influences helix formation in water and in the membrane interface, as well as the 
total free energy of binding to the membrane, the per-residue free energy of folding into the membrane interface was 
found to be the same for all peptides regardless of the lipid composition. An algorithm for predicting the partitioning 
and folding of helical peptides in membrane interfaces will be presented. Supported by NIGMS.  

 
COLL 585 Adsorption of amyloid beta-peptide at modified surfaces  
Gerald Brezesinski, Department of Interfaces, Max Planck Institute of Colloids and Interfaces, Research Campus 
Golm, Potsdam 14424, Germany, Fax: 0049 (0)331 567 9202, Gerald.Brezesinski@mpikg.mpg.de, and Helmuth 
Moehwald, Department of Interfaces, MPI of Colloids and Interfaces  

Amyloid beta (1-40) peptide folding into beta-sheet containing fibrils is thought to play a causative role in Alzheimer's 
disease. Due to its amphiphilic character the peptide interacts with phospholipid membranes. Langmuir monolayers 
of charged as well as of zwitterionic phospholipids have been used to study the adsorption of the peptide by means 
of IRRAS (Infrared Reflection Absorption Spectroscopy) and GIXD (Grazing Incidence X-ray Diffraction). The 
peptide adsorbs at the air/water (buffer) interface. It also inserts into uncompressed phospholipid monolayers. Being 
adsorbed at a hydrophobic interface, the peptide adopts beta-sheet conformation oriented parallel to the surface. 
Compression of the lipid monolayers leads to the squeezing out of the peptide at higher surface pressures. The 
peptide desorbs completely from the monolayers on buffer, although it remains adsorbed in beta-sheet conformation 
at negatively charged monolayers on water. Additionally, we have investigated the adsorption of the peptide at 
polymeric hydrophobic and hydrophilic surfaces.  

 
COLL 586 In vitro synthesized membrane proteins: Simple answer to complex questions  
Rudolf Robelek1, Eva S. Lemker2, Birgit Wiltschi2, Vinzenz Kirste3, R. Naumann4, Dieter Oesterhelt2, and Eva-



Kathrin Sinner2. (1) Departments of Chemistry and of Materials Science, National University of Singapore, 10 
Science Drive 4, Singapore 117543, Singapore, (2) Max-Planck-Institute for Biochemistry Martinsried, Am 
Klopferspitz 18A, Martinsried D-82152, Germany, (3) Material Science, Max Planck Insitute for Polymer Research, 
(4) Max-Planck-Institute for Polymer Research  

The use of cell free expression systems for the in vitro expression of proteins is a rapidly growing area, with 
applications in basic research, molecular diagnostics and high – throughput screening. Specific protein-protein 
interactions can be detected using membrane proteins with subtle sensoric functions. These interactions may 
include specific binding (such as antibody-antigen and ligand-receptor binding), macromolecular assembly, and 
formation of functional transcription complexes. The immobilization of membrane proteins on planar surfaces paves 
the way for a general approach to obtain complex membrane proteins in an experimental environment applicable for 
various analytical techniques.  

 
COLL 587 Lipid flip-flop: The search for flippases  
Anant K. Menon, Department of Biochemistry, Weill Medical College of Cornell University, 1300 York Ave., New 
York, NY 10021, akm2003@med.cornell.edu  

Glycerophospholipids such as phosphatidylcholine are synthesized on the cytoplasmic face of the endoplasmic 
reticulum (ER) and must be flipped across the bilayer to populate the exoplasmic leaflet for uniform bilayer growth. 
Phospholipid flip-flop does not occur spontaneously at a biologically relevant rate. However, flip-flop is rapid in the 
ER membrane: it requires the presence of membrane proteins or flippases that facilitate the transverse diffusion of 
phospholipids in the absence of a source of metabolic energy. The ER glycerophospholipid flippase has yet to be 
identified. Genetic approaches in yeast point to Rft1p, a polytopic membrane protein that appears to be able to flip 
dolichol-PP-GlcNAc2Man5, an isoprenoid-based glycophospholipid intermediate in the pathway of protein N-
glycosylation. I will present data on recent biochemical reconstitution studies aimed at identifying the ER 
phospholipid flippase and testing the role of Rft1p in flipping dolichol-PP-GlcNAc2Man5 across the ER membrane. 
Supported by NIH GM071041.  

 
COLL 588 Chaperoning of membrane protein insertion into lipid bilayers by fluorinated surfactants  
Alexey S. Ladokhin, Department of Biochemistry and Molecular Biology, KUMC, 3901Rainbow Blvd., Mailstop 
3030, Kansas City, KS 66160, Fax: 913-588-7440, aladokhin@kumc.edu  

Fluorinated (e.g. F-TAC) and hemifluorinated compounds (e.g. HF-TAC) are a novel class of non-detergent 
surfactants designed to keep membrane proteins soluble under non-dissociating conditions. Because fluorinated and 
hydrogenated chains do not mix well, supramicellar concentrations of these surfactants are expected to cause 
minimal membrane perturbation while ensuring solubility of membrane proteins. To test the ability of (H)F-TAC to 
assist proper membrane insertion of proteins, we examined its effect on the pH-triggered insertion of diphtheria toxin 
T-domain. The function of the T-domain is to translocate the catalytic domain across the lipid bilayer in response to 
acidification of the endosome. This translocation is accompanied by the formation of a pore, which we used as a 
measure of activity in a vesicle leakage assay. We have also used FRET to follow the effect of (H)F-TAC on 
aggregation of aqueous and membrane-bound T-domain. We characterized membrane interactions of the T-domain 
in the presence of surfactants by means of fluorescence correlation spectroscopy. Our data indicate that the pore-
forming activity of the T-domain is affected by the dynamic interplay of two principal processes: productive pH-
triggered membrane insertion and nonproductive aggregation of aqueous at low pH. Addition of fluorinated 
surfactants to the buffer prior to acidification is demonstrated to suppress aggregation in solution and ensure correct 
insertion/folding of the T-domain into the lipid bilayer. This chaperone-like activity of fluorinated surfactants opens up 
the possibility for their use in thermodynamic characterization of membrane folding/insertion of both constitutive and 
non-constitutive membrane proteins. Supported by NIH grants GM-069783, RR-016443.  

 
COLL 589 Antimicrobial peptide interactions with model lipid membranes  
Mitaben D. Lad1, Fabrice Birembaut1, and Rebecca J. Green2. (1) School of Chemistry, University of Reading, PO 
Box 224, Whiteknights, Reading RG6 6AD, United Kingdom, m.d.lad@reading.ac.uk, (2) School of Pharmacy, The 
University of Reading  



The selectivity of antimicrobial peptides towards different cell membrane types is not clearly understood. Therefore, 
the interaction of three antimicrobial peptides (melittin, magainin II and cecropin P1) with phosphatidylcholine (PC) 
and phosphatidylglycerol (PG) lipid monolayers at the air/water interface has been studied by the use of three 
complementary techniques: surface pressure measurements, external reflectance Fourier transform infrared (ER-
FTIR) spectroscopy and neutron reflectivity. For each peptide, a stronger interaction and significant adsorption below 
the lipid layer was evident with the anionic PG surface. However, the degree of binding and the extent of disruption 
of the PG layer varied for each peptide depending on the preferred mode of interaction. To the zwitterionic PC layer, 
peptide penetration rather than adsorption below the layer was observed and the surface coverage of peptide was 
less than 6%. Addition of cholesterol to the lipid layers increased the peptide binding to PC, and decreased binding 
to PG. Changes in peptide and lipid layer structure has been determined and related to the mode of binding and lipid 
binding selectivity of the peptide.  

 
COLL 590 Membrane-peptide interactions studied by sum frequency generation vibrational spectroscopy  
Zhan Chen, Department of Chemistry, University of Michigan, 930 North University Avenue, Ann Arbor, MI 48109, 
Fax: (734)-647-4865, zhanc@umich.edu  

Sum Frequency Generation (SFG) vibrational spectroscopy has been applied to investigate structures of model cell 
membranes (supported lipid bilayers) and their interactions with biological molecules at the molecular level in situ. 
Various supported lipid bilayers, with one hydrogenated leaflet and one deuterated leaflet, have been used. Detailed 
structural information of biomolecules and both lipid bilayer leaflets can be probed simultaneously by monitoring 
amide I, C-D stretching, and C-H stretching SFG signals during the interaction. Different compounds interacting with 
lipid bilayers, such as alpha-helical magainin, MSI594, and melittin, beta-sheet tachyplesin I, various proteins, as 
well as a simple antibiotic molecule, have been examined. Our research demonstrated that SFG is a powerful 
technique which can probe molecular level information regarding single lipid bilayer, and its interactions with various 
biological molecules.  

 
COLL 591 Direct utilization fuel cells: Efficient conversion of carbon and hydrocarbons to electricity  
Iouri Balachov, Materials Research Laboratory, SRI International, iouri.balachov@sri.com, and Lawrence H. 
Dubois, Physical Sciences Division, SRI International, Fax: 650-859-3250, larry.dubois@sri.com  

We will describe the technical performance, scalability and competitiveness of a novel direct carbon utilization fuel 
cell (DCFC) based on a solid oxide ion conducting electrolyte (typically yitria stabilized zirconia) and a liquid anode 
(for example, eutectic mixtures of molten alkali carbonates). Electricity is generated through the direct 
electrochemical oxidation of carbon at 700-950„aC with the release of electrons. Fuel and oxygen (air) are supplied 
continuously to the system. Many forms of carbon fuel (including carbon black, coal, tar, petroleum coke, biomass 
and waste paper/plastic) without any pretreatment have been tested and yield power densities >120 mW/cm2. Fuel 
oxidation products (CO2) and potentially toxic byproducts are captured internally in a pure and concentrated form. 
The system is based on proven technologies, is straightforward to construct and readily scalable to many hundreds 
of kilowatts. Calculated system efficiencies are greater than 70%. Finally, our demonstrated system overcomes 
many of the limitations of existing DCFC concepts.  

 
COLL 592 Double layer structure at the ionic liquid-electrode interface using sum frequency generation 
spectroscopy and electrochemistry  
Steven Baldelli, Selimar Rivera, and Cesar Aliaga, Department of Chemistry, University of Houston, Houston, TX 
77204, sbaldelli@uh.edu  

The arrangement of ions at the platinum electrode in the room-temperature ionic liquid 1-butyl-3-methylimidazolium 
BF4-, PF6- , N(CN)2- and imide. Have been determined using sum frequency generation vibrational spectroscopy 
(SFG), electrochemical impedance spectroscopy (EIS), and the vibrational Stark effect. The results indicate that CO 
adsorbed on the Pt electrode has a Stark shift of 30-35 cm-1/V in the ionic liquid. The PZC of the ionic liquid-Pt 
system is approximately -500 mV (vs. Ag wire), with a capacitance of 0.10 F/m2. Further, polarization dependent 
SFG experiments suggest the ions re-organize at the surface depending on the electrode charge. Combining all 
these results indicate that the ions of a neat ionic liquid are organized in a Helmholtz layer at the electrified metal 
electrode interface.  



 
COLL 593 The formation of chromium rich particles by the dissolution of red clays in groundwater 
monitoring wells  
Dane W. Scott1, Allen Apblett1, and Nicholas Materer2. (1) Department of Chemistry, Oklahoma State University, 
107 Physical Science, dane.scott@okstate.edu, (2) Department of Chemistry, Oklahoma State University, 107 
Physical Science Building, materer@okstate.edu  

At a military installation in Oklahoma, elevated chromium concentrations were found in monitoring wells located 
away from obvious industrial sources. Two reports, contracted from an environmental firm, indicate that chromium is 
present in suspended particles found in the well water. Adsorption of chromium onto these particles from external 
sources were ruled out. To identify the source, well water was collected from 12 monitoring wells with and without 
chromium contamination. The suspended particles were separated from the water by submicron filtration. The 
particles were studied using X-ray photoelectron spectroscopy, X-ray powder diffraction spectroscopy and atomic 
absorption spectroscopy. The elemental composition of these particles are inconstant with that expected if the 
source was from bio-well corrosion of the well head. In addition, inspection of the dedicated well pumps indicates 
little corrosion. Although X-ray photoelectron spectroscopy found CrVI on the surfaces of these particles, the bulk of 
the chromium is CrIII and is primarily located within the particles. X-ray diffraction measurements indicate the 
presence of goethite, an iron oxide hydroxide. The most probable explanation for the observed chromium is the 
dissolution of the clay soil to form the observed goethite. In Oklahoma, the soil is known to contain chromium which 
is expected to be concentrated in the goethite particles by the dissolution process. Analysis of the core soil obtained 
from four drill sites also contains trace amounts of naturally occurring chromium.  

 
COLL 594 Opportunities for new catalysis research related to energy  
Raul Miranda, Chemical Sciences, Geosciences, and Biosciences Division , Office of Basic Energy Sciences, U.S. 
Department of Energy, SC-22.1/Germantown Building, 1000 Independence Avenue, SW, Washington, D.C, DC 
20585-1290, Raul.Miranda@science.doe.gov  

An era of increased awareness of our limited fossil energy future and our delicate global equilibrium (both 
environmental and political) is driving a strong public demand for alternatives to traditional fuels and for more 
efficient ways to utilize our energy sources. Research on the basic science of catalysis has traditionally had direct 
impact on energy technologies, but the opportunities for dramatically increasing such impact on the future of our 
civilization have seldom been as pronounced as they are now. This talk outlines the latest thoughts (policies and 
facts) guiding public funding of energy-related catalysis research. It also ponders on future trends in direct and 
indirect chemical and thermal energy conversion, including the current advances being pursued by our distinguished 
honoree, Prof. Gabor Somorjai.  

 
COLL 595 Modified inulin and polydextrose  
Nabil Naouli, R & D, TIC Gums, 4609 richlynn drive, Belcamp, MD 21017, Fax: 410 273 6469, 
nnaouli@ticgums.com  

The emulsifying properties of novel octenyl succinic anhydride (OSA) hydrocolloid prepared with inulin and 
polydextrose were studied. The particle size of model beverage emulsions (0.01 wt% orange oil-in-water emulsions, 
d < 1 µm) stabilized by modified inulin or polydextrose demonstrates that the stability of these emulsions are mainly 
electrostatic repulsions and depend on the type of weighting agent, dye, and the hydrocolloid used. Surface tension 
measurements show that modified inulin and polydextrose behave as a surfactant. Incorporation of modified inulin in 
spray drying flavor show high oil retention and stability compared to modified starch or gum Arabic.  

 
COLL 596 Interfacial pKa values of carboxylic acid-functionalized quartz/water interfaces  
Michael J. Musorrafiti1, Christopher T Konek1, Andrea B. Voges1, Paul A. Bertin1, SonBinh T. Nguyen2, and Franz 
M. Geiger1. (1) Department of Chemistry, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, 
mjm168@chem.northwestern.edu, (2) Department of Chemistry and the International Institute for Nanotechnology, 
Northwestern University  



Carboxylic acid groups are an important functional group in the environment. The thermodynamic properties of 
carboxylic acid moieties are of interest because they can control transport through soils by binding species at the 
mineral-water interface. Using second harmonic generation, we measured interfacial pKa values, protonation states, 
surface free energy densities, surface charge densities, and surface potentials for a monoprotic carboxylic acid 
functionalized silica/water interface. We observe two pKa values: one at 9(1), which is consistent with a lateral 
hydrogen-bond stabilized network, and one at 5.6(2), which is similar to pKa values of monoprotic organic acids in 
solution. Between pH 2 to pH 12, the interfacial potential changes over 3 orders of magnitude, from 10-2 mV to 
several millivolts, and the interfacial energy density changes by 7 orders of magnitude, from 10-7 mJ/m2 to several 
mJ/m2. Also presented are complementary sum frequency generation studies to characterize the interface.  

 
COLL 597 Production of carbon nanofibers using sodium chloride supported metal catalysts  
Yuda Yurum and Ahu Gumrah Dumanli, Faculty of Engineering and Natural Sciences, Sabanci University, Orhanli, 
Tuzla, Istanbul 34956, Turkey, Fax: 216-483-9550, yyurum@sabanciuniv.edu  

Carbon nanofibers were synthesized by thermal chemical vapor deposition (CVD) method over transition metal 
based catalyst by using acetylene as the synthesis gas. The transition metals used in this study were chromium, 
manganese, iron, cobalt, nickel, copper and zinc in the metal complex form with sodium chloride as the support. 
Sodium chloride was preferred as a support material, since it is nontoxic and soluble in water, thus it can be easily 
removed without changing the structure of the nanofibers and causing any harm for the environment. In this study, a 
new approach of simultaneous synthesis of the support material and the catalyst was used. The obtained catalysts 
were characterized by using X-Ray diffraction (XRD), scanning electron microscopy (SEM) combined with energy 
dispersive spectroscopy (EDS), proton 1H-NMR and carbon 13C-NMR, BET surface analyzer and thermal 
gravimetric methods. In addition, the effects of catalyst on CVD for production of carbon nanofiber using the same 
conditions were compared.  

 
COLL 598 XPS Studies of surface structures with external stimuli  
Gulay Ertas and Sefik Suzer, Chemistry Department, Bilkent University, Ankara 06800, Turkey, Fax: +90 312 
2665097, gulay@fen.bilkent.edu.tr  

X-ray Photoelectron Spectroscopy (XPS) is a powerful analytical technique for characterizing various 
chemical/physical forms of elements in 0-20 nm surface structures. It is possible to control the extent of charging and 
extract various analytical information by recording XPS spectra while applying external d.c. and/or pulsed voltage 
stimuli. The d.c. bias controls the extent of differential charging leading to total spectral separation of the XPS peaks 
of gold in two different physical forms (metallic gold and gold nanoclusters) present on the same surface as shown in 
Figure 1. We have also demonstrated that XPS data, recorded under external d.c. together with pulsed voltage 
stimuli, can yield valuable information related to dielectric properties of the SiO2/Si system. Another application of 
our method is to obtain time-resolved spectra by recording XPS spectra in different time windows after the 
application of a pulse. Time-resolved spectra can be used to detect, locate and quantify the charges developed in 
various surface structures like gold(core)/silica(shell) nanoparticles on a copper substrate.  

 

 
COLL 599 Drop's line energy as a function of drop size: Reconciling a long standing problem  
Rafael Tadmor, Preeti S. Yadav, and Prashant Bahadur, Dept. of Chemical Engineering, Lamar University, 4400 
Martin Luther King Parkway, Beaumont, TX 77710, Fax: 409-880-2197, rafael.tadmor@lamar.edu  



The relation between drop radius, r, the force to slide it, and the advancing and receding contact angles, θA and θR, 
is studied. To keep the line energy (energy per 2πr) independent of r, the modified Young equation predicts that θA 
and θR change considerably with r. However, as shown by many investigators, θA and θR change negligibly, if at all, 
with r. We show why the modified Young equation is correct and still θA and θR should hardly change with r. Our 
results suggest that the Laplace pressure is a significant parameter in inducing the line energy (also called line 
tension).  

 
COLL 600 Microwave-assisted synthesis and characterization of AlPO4-5  
Billur Sakintuna, Faculty of Engineering and Natural Sciences, Sabanci University, Tuzla, Istanbul 34956, Turkey, 
billur@su.sabanciuniv.edu, Esra Altuntas, Department of Chemistry, Hacettepe University, and Yuda Yurum, 
Faculty of Engineering and Natural Sciences, Sabanci University, Orhanli, Tuzla, Istanbul 34956, Turkey, Fax: 216-
483-9550, yyurum@sabanciuniv.edu  

Effect of organic gel composition and the crystallization conditions on the synthesis of AlPO4-5 by using microwave 
heating technique were investigated. The AlPO4-5 samples were obtained by hydrothermal synthesis at 150-200°C 
in a Teflon autoclave in microwave oven. Samples prepared by different molar compositions of the reactants; 85% 
H3PO4, aluminium isopropoxide, tripropylamine hydroxide, tripropylamine, triethylamine and 40% HF and water. 
Influence of heating power (120-800 W), heating times (60-180 s) and simultaneous heating modes on the 
crystallization were investigated. Samples were analysed by SEM, XRD, surface analysis techniques. Usage of 
microwave heating drastically reduced the crystallization times compared with conventional methods. Morphology 
and phase purity of the AlPO4-5 molecular sieves strongly depended on the initial gel composition and heating 
periods. Perfect hexagonal AlPO4-5 products with good crystallinity with rod-like shape, well-defined edges and 
faces formed, were synthesized. The average crystal sizes in length along the c-axis were obtained ca. 5 mm length 
from the SEM images. In the XRD patterns recorded for the AlPO4-5 crystals, the (100), (210), (002) and (211) 
peaks were detected at d values 11.92 Ǻ, 4.51 Ǻ, 4.19 Ǻ and 3.97 Ǻ respectively, in addition to small features 
around 15° 2q. Average BET surface area of AlPO4-5's were 107 m2/g and average pore diameter was 1.7 nm.  

 
COLL 601 Quantum rotational dynamics of H2 adsorbates on MgO(100) surfaces  
Robert J. Hinde and Benhui Yang, Department of Chemistry, University of Tennessee, Knoxville, TN 37996, Fax: 
865-974-3454, rhinde@utk.edu  

Inelastic neutron scattering spectroscopy of monolayer H2 films adsorbed on MgO(100) provides a sensitive probe of 
the rotational dynamics of individual H2 adsorbate molecules, and reveals that the adsorbates' rotational states are 
strongly perturbed by the H2-MgO interaction potential. Analysis of the neutron scattering spectra thus permits us to 
extract information about this potential from the experimental data, providing a method for determining quantities 
such as the effective atomic charge of Mg and O ions in the surface layer of the MgO(100) substrate. We present 
fully quantum mechanical calculations of the rotational energy levels of H2 adsorbates on MgO(100) surfaces, show 
that the experimental observations are consistent with a monolayer structure in which each adsorbate molecule sits 
above a Mg cation, and use our results to estimate the effective charge of the MgO(100) substrate's surface-layer 
ions.  

 
COLL 602 A quasielastic neutron scattering study of the dynamics of alkane and ether molecules tethered to 
the surface of MCM-41  
Edward J. Kintzel Jr.1, Kenneth W. Herwig1, Michelle K. Kidder2, A. C. Buchanan III2, Phillip F. Britt2, and Alan L. 
Chaffee3. (1) Spallation Neutron Source, Oak Ridge National Laboratory, Experimental Facilities Division, P.O. Box 
2008, MS-6475, Oak Ridge, TN 37831, Fax: 865-576-6080, kintzelej@ornl.gov, (2) Chemical Sciences Division, Oak 
Ridge National Laboratory, (3) School of Chemistry, Monash University  

The influence of hydrogen bonding on the molecular dynamics of tethered organic molecules to a silica surface is 
being examined using quasielastic neutron scattering. The motion of 1,3-diphenylpropane (DPP, ≡Si -O-
C6H4(CH2)3C6H5) and phenethyl phenyl ether (PPE, ≡Si -O-C6H4(CH2)2OC6H5 and ≡Si-O-C6H4O(CH2)2C6H5) tethered 
to the interior pore surface of MCM-41 was investigated. Quasielastic scans over an energy range of ± 17 µeV were 
carried out at several temperatures in the range 240-320 K. Preliminary analysis of the quasielastic data has been 



carried out using a stretched exponential in the time domain. A comparison of the average relaxation times will be 
presented.  

 
COLL 603 Collision-induced migration of octanethiol molecules on Au(111)  
Daniel P. Fogarty and S. Alex Kandel, Department of Chemistry and Biochemistry, University of Notre Dame, 251 
Nieuwland Science Hall, Notre Dame, IN 46556, dfogarty@nd.edu  

Hyperthermal xenon atoms are scattered off of an octanethiol self-assembled monolayer, and the effects of 
gas/surface collisions on the local environment of the film are studied using an in situ scanning tunneling 
microscope. Octanethiol molecules located near vacancy sites within a close-packed domain diffuse across the 
Au(111) surface as a result of 1.3-eV xenon bombardment. This collision-induced migration is observed to be 
dependent upon the direction of the molecular beam, and causes vacancy defects to change their position and 
geometry, with multiple defects coalescing to form single defect sites. The overall effect of gas bombardment is to 
anneal the surface, with the rate of migration slowing and eventually ceasing as octanethiol molecules assume 
stable geometries.  

 
COLL 604 Metal reactivity of aliphatic chains tethered to silicon and silicon oxide  
Christina A. Hacker1, Curt A. Richter1, and Lee J. Richter2. (1) Semiconductor Electronics Division, National 
Institute of Standards and Technology, 100 Bureau Drive, Mail stop 8120, Gaithersburg, MD 20899, Fax: 301-975-
8069, christina.hacker@nist.gov, (2) Surface and Microanalysis Science Division, National Institute of Standards and 
Technology  

The interaction of metals, such as Au, Ti, and Al, with organic films is critical to an understanding of device contact 
formation for molecular electronics and, more generally, organic electronics. In a previous study of the reaction of 
these three metals with model octadecyl alkane films, a striking variability in reactivity was observed for alkane films 
attached to oxide and H-Si. This talk will address detailed studies of the origin of this reactivity difference. Thorough 
chemical and physical characterization was achieved by investigating the system with FTIR, contact angle, 
ellipsometry, AFM, and XPS. Organic films under bulk metal were investigated with p-polarized backside reflectance 
absorption infrared spectroscopy (pb-RAIRS). Systematic studies of thin metal (semi-transparent) films were made 
to characterize the mechanism of displacement of the directly attached films. All physical characterization was 
correlated to the electrical behavior (current-volatage and capacitance voltage) of metal-molecule-substrate test 
capacitors.  

 
COLL 605 Density functional theory and FEFF8 calculations on adsorbed carbon monoxides on platinum 
and alloy clusters  
Nicholas Dimakis, University of Texas-Pan American, Edinburg, TX 78541, dimakis@utpa.edu, and Eugene S. 
Smotkin, Department of Chemistry, University of Puerto Rico at Rio Piedras, PO Box 23346, San Juan, PR 00931-
3346, esmotkin@cnnet.clu.edu  

The C-O stretching frequency (ω�) of CO adsorbed on Pt in PtRu alloys is used as a probe for analyzing the 
electronic effects alloying. The Blyholder-Bagus mechanism (BBM) that refers to increased back-donation from the 
metal d-band to the hybridized 2π* CO molecular orbitals is the dominant mechanism for explaining the electron 
transfer process during CO chemisorption over the anode surface. However application of BBM has been 
paradoxical due to 1) Pt-C bond contraction, expected with increased back-donation as the Pt mole percent is 
reduced, and (2) the lowering d-band center and increased d-band vacancies upon alloying must be reconciled with 
the alloy-induced red shift of the ω� . Using Density Functional Theory electronic and phonon property calculations 
on a library of spin optimized CO/Pt, and CO/PtRu clusters coupled with Mulliken/FEFF8 population analysis and 
FEFF8 local density of states it is revealed that when Pt is allowed with Ru atoms and although the center of the Pt 
d-band is shifted towards more negative energies an asymmetric increase in the dispersion of the d-band is 
accompanied by a broadening of the 5≤m/2π* manifold with additional lower energy states closer to the HOMO of 
the alloy cluster. This effect enhances the 2π* backdonation and thus lowering the ω� . The localized electron density 
is manifested as an electrostatic wall effect, preventing the Pt-C bond contractions expected with increased back-
donation to the 2π* CO MOs. We have extended our calculations to examine the CO coverage effect over the Pt 



surface. We observed that DFT calculated ω� increases proportional to CO mole percent as long as CO remains 
atop over the Pt surface (no CO tilt).  

 
COLL 606 First-principles study of the activity and stability of PEM fuel-cell catalysts  
Liang Qi and Ju Li, Department of Materials Science and Engineering, Ohio State University, 494 Watts Hall, 2041 
College Road, Columbus, OH 43210, qi.36@osu.edu  

The working mechanism of electrocatalysts are quiet different from the normal catalysts, since electrons are donated 
or accepted by the metal in the catalytic reaction, with the electrode potential involved. Most electrocatalysts work in 
an aqueous environment where the polarized water molecules and mobile ions strongly affect the reaction pathway, 
which finally result in a self-consistent double-layer structure on the electrocatalyst surface. With the help of density 
functional theory (DFT) calculations, a model is constructed to describe the process of dynamical equilibrium on 
PEM fuel-cell cathode surface. In this model, the formation of the double layer structure by solvent, reactants and 
intermediates on Pt surface occurs in a self-consistent manner, which will be helpful for understanding the activity of 
different electrocatalysts. Also, in most cases electrocatalysts should have good stability in highly acidic 
environments, so the anti-corrosion capability of different electrocatalysts is analyzed by first-principles calculation 
and ion-solvent interaction models.  

 
COLL 607 In situ X-ray absorption spectroscopy characterizations of RhxSy for ORR applications  
J. M. Ziegelbauer1, D. Gatewood2, David E. Ramaker2, A. F. Gullá3, and S. Mukerjee1. (1) Department of Chemistry 
and Chemical Biology, Northeastern University, 102 Hurtig Hall, 360 Huntington Avenue, Boston, MA 02115, Fax: 
617-373-8949, ziegelbauer.j@neu.edu, (2) Department of Chemistry, George Washington University, (3) E-TEK 
Division, PEMEAS Fuel Cell Technologies  

The prototype chalcogenide electrocatalyst RhxSy (E-TEK, Inc.) was probed in situ via a synchrotron-based XANES 
technique (the "delta mu" technique) to elucidate specific sites and modes of water activation during oxygen 
reduction reaction. X-ray diffraction and EXAFS revealed a mixture of phases (Rh2S3, Rh3S4, and Rh17S15). 
Theoretically generated XANES on a variety of geometries of O(H) adsorption on these three phases were 
compared to the experimental data for the three single phases in addition to the balanced-phase electrocatalyst. We 
show for the first time the specific adsorption geometries of water/oxo-species (e.g. water activation) for each phase 
in respect to potential, and observe the synergistic effects on the balanced-phase RhxSy electrocatalyst. This 
expectedly has important consequences for ORR on alternative chalcogenide materials.  

 

 
COLL 608 Peroxide and oxygen reduction on electrode surfaces  
Xiao Li1, Karen Stewart2, and Andrew A. Gewirth2. (1) Department of Chemistry, University of Illinois, (2) 
Department of Chemistry, University of Illinois at Urbana-Champaign, Fax: 217-333-2685, agewirth@uiuc.edu  

Oxygen reduction is a theme that pervades many areas. Our interest is in the efficacious reduction of oxygen at 
electrode surfaces, a requirement for efficient fuel cells. In the first part of this talk, we report on our efforts directed 
at establishing the mechanism of oxygen and peroxide reduction on bare Pt and Cu, and on Au surfaces modified 
with ordered metal monolayers. By using a combination of spectroscopic, imaging, and x-ray scattering techniques 
combined with detailed calculations, we have shown that a crucial step involves the spontaneous clevage of the O-O 



bond to form a mixed metal-hydroxide complex. This hydroxide complex is reduced during the electron transfer 
event, leading to the product water. The conditions necessary to induce this clevage are now becoming understood. 
In the second part of the talk, we utilize the insight developed from the mechanistic studies to synthesize new 
oxygen reduction catalysts developed from nanostructured ensembles of metal ions and polymer. Studies directed at 
stabilizing the metal ions in the polymeric matrix in acid solution at high potentials and at increasing the activity of the 
catalyst will be highlighted.  

 
COLL 609 Bimetallic and trimetallic nanoparticle electrocatalysts  
Chuan-Jian Zhong and Jin Luo, Department of Chemistry, State University of New York at Binghamton, 
Binghamton, NY 13902, cjzhong@binghamton.edu  

The understanding of the synergistic activity and stability of multimetallic nanoparticle catalysts requires the ability to 
establish the activity-stability-composition correlation. This paper discusses recent findings of an investigation of 
bimetallic and trimetallic nanoparticles on different support materials. The bimetallic or trimetallic nanoparticles with 
controllable sizes (1-5 nm) and compositions of different metal combinations (e.g., Pt, Au, Ag, Fe, Ni, V, W, etc.) 
were synthesized by molecularly-engineered reduction or decomposition reactions in solutions. Electrocatalysts 
were prepared by loading the nanoparticles onto carbon support and controlled thermal treatments. An array of 
techniques was used for the characterization, including XRD, FTIR, TEM-EDX, and XPS. The FTIR study of CO 
adsorption on the surface of bimetallic alloy nanoparticles reveals new insights into the correlation between the 
bimetallic composition and the d-band shift in the alloy derived from DFT calculations. The synergistic activity and 
stability of the electrocatalysts in fuel cell reactions, including methanol oxidation reaction and oxygen reduction 
reaction, were investigated by electrochemical techniques. The results will be discussed in terms of the synergistic 
properties of the bimetallic/trimetallic electrocatalysts for fuel cell application.  

 
COLL 610 Fuel cell catalyst structural characterization by in situ X-ray absorption spectroscopy  
Carlo U. Segre and Stanislav Stoupin, CSRRI and BCPS Department, Illinois Institute of Technology, 3101 S. 
Dearborn St., Chicago, IL 60616, Fax: 312.567.3498, segre@iit.edu  

Direct Methanol Fuel Cells (DMFCs) are a leading candidate for portable power applications where low temperatures 
and high fuel energy density are required. Among the open questions which remain in our understanding of the 
catalysts used in DMFCs are the electronic states and local chemistry of the metal atoms in the nanoparticle 
catalysts. Specially modified fuel cells and the high brilliance of third generation synchrotron undulator beams now 
permit direct structural investigation of these sytems during normal operation. The technique of X-ray Absorption 
Spectroscopy (XAS) is particularly suited to these nanostructured materials as it is sensitive to both electronic 
structure and atom-specific local structural parameters. XAS experiments conducted at the Materials Research 
Collaborative Access Team beamline, in conjunction with x-ray fluorescence and powder diffraction studies, have 
provided us with a structural model of the industry standard Pt/Ru (1:1 composition) catalyst. The ~3nm 
nanoparticles are a not-quite-random face centered cubic alloy with composition approximately 2:1 Pt:Ru. About 
50% of the Ru in the catalyst is outside the nanoparticles in a presumably amorphous phase. The potential 
dependent data indicate that the Pt in always metallic while the Ru has a constant small quantity of short (1.86Å) 
bonds to oxygen. A further elucidation of the role of the amorphous Ru phase as well as information on the 
chemistry taking place on the surface of the nanoparticles will be possible using this technique.  

 
COLL 611 A NEXAFS analysis of the effect of Ru alloying on Pt to CO bonding electronics  
Faisal M. Alamgir1, James Cooper2, Krista Martocci3, Amy Colon3, Rafello Agostino4, Sharadha Sambasivan5, Dan 
Fischer2, Paul McGinn2, S. Greenbaum6, and Eugene S. Smotkin7. (1) National Institute for Standards and 
Technology, Gaithersburg, MD, alamgir@bnl.gov, (2) University of Notredame, (3) Hunter College, (4) Università 
della Calabria, (5) National Institute of Standards and Technology, (6) Department of Physics, Hunter College of 
CUNY, (7) Department of Chemistry, University of Puerto Rico at Rio Piedras, PO Box 23346, San Juan, PR 00931-
3346, esmotkin@cnnet.clu.edu  

Pt is one of the best catalysts for the hydrogen oxidation reaction in fuel cells. However, Pt suffers from poisoning by 
CO. The CO poisoning is mediated by compositional-tuning to a Pt alloy. While this solution has advanced the 
prospects of low temperature fuel-cells, the underlying science behind alloy-tuning to lower CO adsorption, the alloy 



best tuned being Pt50Ru50, has not been explained without controversy. The controversy lies in the role of Ru in 
changing the electronic structure of CO on Pt. The accepted mechanism for CO adsorption on Pt proposes that the 
CO molecules adsorb on Pt surfaces at a normal angle, and the bonding consists of donation of charge from the CO 
5s orbitals to Pt and a back-donation of charge from the dxy,yz orbitals to the CO 2π*. We probed the molecular 
orbitals (MOs) of CO with near-edge X-ray absorption fine structure (NEXAFS) post CO (sub)monolayer adsorption 
onto Pt and Pt-Ru. Individual MOs were accessed by aligning the near-linearly polarized electric field of the 
synchrotron beam. We have found that there is an increase in the 2π* resonance as Ru is added to Pt. Since the 
resonance intensity is proportional to the density of the molecular states, the observed increased intensity is a result 
of charge transfer from CO back to the metal catalyst. However, Ru also has the added role of adding electrons back 
into the 2π* MO of those CO molecules that are on Pt sites. This subtle effect has been predicted by DFT published 
calculations.  

 
COLL 612 NO-assisted N2O decomposition with Fe-Ru-FER: An in operando XAS and IR spectroscopic 
study of the synergy between Fe and Ru  
Johannis A. Z. Pieterse, ECN Hydrogen and Clean Fossil Fuels, PO. Box 1, 1755 ZG, Netherlands, 
pieterse@ecn.nl, and Gerhard D. Pirngruber, Institute for Chemical and Bioengineering, ETH Zürich  

Ru-zeolite catalyst has high activity for N2O decomposition, but they are strongly deactivated by NO and O2. Fe-
zeolites show the opposite behavior: Their activity is enhanced by the presence of NO. A high activity in the 
presence of NO and O2 can be obtained if Fe is combined with Ru. The activity of the bimetallic catalyst is higher 
than the sum of the single components. There is a synergy between Fe and Ru. Operando IR, XAS and kinetic 
results were combined to explain the synergy. Ru-FER contains much more nitrate species (band at 1640 cm-1), 
which are known to inhibit N2O reaction, than Fe-FER. Fe-Ru-FER resembles closely that of Fe-FER, i.e. Fe 
prevents the formation of nitrate species on Ru by trapping NO. The Fe K-edge XANES spectra of Fe-FER and Fe-
Ru-FER during the reaction indicated that Ru does not have an influence on the redox properties of the Fe 
component. Therefore, synergy is explained by the fact that Fe acts as a trap for NO and thereby reduces the 
inhibition of the Ru component by NO.  

 
COLL 613 Studies on the vapor–phase photo–oxidation of methanol over nano–size titania clusters 
dispersed in MCM–41 mesoporous silica  
Dharmesh Kumar1, Kaustav Bhattacharyya2, Arvind Tripathi2, Salil Varma2, and Narendra M. Gupta3. (1) 
Department of Chemistry, University of Vermont, Burlington, VT 05405, dkumar1@uvm.edu, (2) Chemistry 
Department, Bhabha Atomic Research Center, Mumbai-India, (3) Catalysis Division, National Chemical Laboratory, 
Pune-India  

The paper reports on the UV assisted vapor phase oxidation of methanol at RT, on nano-size clusters of titanium 
dioxide dispersed in MCM-41 silica material. The surface species formed during the adsorption/oxidation of 
methanol and the transformation that they undergo as a result of UV-irradiation were monitored using in situ FTIR 
and thermal desorption spectroscopy techniques. The photo-catalytic oxidation of methanol, gave rise to formation of 
CO2 and H2O. The results of present study provide strong evidence that the hydroxy groups, both on the host matrix 
and at the titania sites, participate independently in the formation of methoxy groups and at the same time promote 
the heterogeneous photo-catalytic oxidation of methanol molecules via formation of transient formate groups. The 
results also show that the effect of titania crystallite size in the photo-catalytic properties relate mainly to the larger 
surface area and hence to the enhanced number of chemisorption sites, rather than to the changes in electronic 
properties.  



 

 
COLL 614 In situ time-resolved characterization of novel Cu-MoO2 catalysts during the water gas shift 
reaction  
Wen Wen, Jing Liu, Michael G. White, Jonathan C. Hanson, and José A. Rodriguez, Chemistry Department, 
Brookhaven National Laboratory, Upton, NY 11973, Fax: 631-3445815, wwen@bnl.gov  

Synchrotron-based time-resolved x-ray diffraction has emerged as a powerful technique for studying the behavior of 
heterogeneous catalysts (metal oxides, sulfides, carbides, phosphides, zeolites, etc) in-situ during reaction 
conditions. Examples will be discussed that illustrate the application of this technique in the characterization of 
water-gas shift (CO + H2O → H2 + CO2) catalysts. A novel and highly active Cu-MoO2 catalyst was synthesized by 
partial reduction of a precursor CuMoO4 mixed-metal oxide with CO or H2 at 200-250 C. During the synthetic 
process the diffraction pattern of the CuMoO4 collapsed and Cu was concomitantly found in the oxide matrix without 
the appearance of any other phases. Diffraction lines for Cu6Mo4O15 and MoO2 appeared during the water gas shift 
(WGS) reaction around 350 C and Cu6Mo4O15 was further transformed to MoO2 at higher temperature. Significant 
WGS catalytic activity was observed with relatively stable plateaus around 350, 400 and 500 C.  

 
COLL 615 Steam reforming mechanisms for hydrogen production: An operando IR spectroscopy 
investigation  
M. Daturi1, C. Verrier1, P. Bazin1, O. Marie1, AC. Roger2, and A. Kiennemann2. (1) Laboratoire Catalyse et 
Spectrochimie UMR 6506 CNRS-ENSICAEN-Université de Caen, 6, bd Maréchal Juin, Caen F-14050, France, Fax: 
+33-23145-2822, Marco.Daturi@ensicaen.fr, (2) LMSPC, ECPM  

As a recent challenge due to both environmental considerations and crude oil increasing cost, the investigations for 
“clean energy” production have grown during the last few years. Fuel cells fed by hydrogen are one of the most 
promising solutions, especially when hydrogen is extracted from biomass in biosteam reforming reactions. In this 
work, we discuss the mechanisms occurring during H2 production via heterogeneous catalysis. Two cerium-based 
catalysts were compared in the ethanol-water steam reforming reaction. The use of our operando system, coupling 
time-resolved IR and MS analyses, allowed to come very close to the real working conditions, in order to determine 
the driving parameters of WGS and steam reforming reactions. The use of isotopic labeled molecules permitted to 
evidence that hydrogen production takes place via two parallel mechanisms, one concerning the redox properties of 
the support, the other related to the progressive decomposition of ethanol leading to different adsorbed species.  

 
COLL 616 In situ time-resolved study on the reaction mechanism of a Pt/C fuel cell by time-gating Quick 
XAFS  
Mizuki Tada1, Yasuhiro Iwasawa1, N Murata2, H Nakanishi2, S Matsumoto2, T Asaoka3, K Hiroshima3, K Okumura4, 
H Tanida5, and T Uruga5. (1) Department of Chemistry, Graduate School of Science, The University of Tokyo, 7-3-1 
Hongo, Bunkyo-ku, Tokyo 113-0033, Japan, Fax: 81-3-5841-4364, mtada@chem.s.u-tokyo.ac.jp, (2) Fuel Cell 
System Development Center, Toyota Motor Corporation, (3) TOYOTA Central R&D Labs. Inc, (4) Tottori University, 
(5) JASRI  

The dynamic aspect and kinetics/dynamics of the structures and electric states of a Pt/C fuel cell at rapid voltage 
operations were studied by in-situ time-resolved time-gating quick XAFS for the first time. A P/G stat was 
synchronized with the synchrotron QXAFS system for the real-time measurements and the electric charging, 
structural parameters, and electric states on cathode Pt catalysts were recorded at once. The time-resolved study 



revealed extraordinary time lag between electrification on the electrode surfaces and redox chemical reactions on Pt 
particles of the fuel-cell cathode at the voltage-controlled processes, which provides new information on the overall 
reaction mechanism at a Pt/C cathode surface under practical fuel-cell operation conditions.  

 
COLL 617 In situ XRD and XANES study of Mo2C formation  
Edwin L. Kugler1, Christopher H. Clark1, Dady B. Dadyburjor1, Jonathan C. Hanson2, and Joseph Woicik3. (1) 
Department of Chemical Engineering, West Virginia University, Morgantown, WV 26506-6102, Fax: 304-293-4139, 
edwin.kugler@mail.wvu.edu, (2) Chemistry Department, Brookhaven National Laboratory, (3) NSLS, Brookhaven 
National Laboratory  

The temperature-programmed reduction of ammonium heptamolybdate on carbon with 5% H2 in helium was studied 
using in situ XRD and in situ XANES. In situ XRD shows that MoO2 begins to form about 400 C. The MoO2 XRD 
lines grow in intensity until Mo2C forms about 700 C. A parallel experiment with in situ XANES shows that AMH on 
carbons begins as Mo(+6) and is reduced Mo(+4) near 500 C. End of run EXAFS confirms the formation of Mo2C.  

 
COLL 618 Enzyme-catalyzed direct electron transfer and its application in bio-fuel cells design  
Plamen Atanassov and Dmitri Ivniski, Chemical & Nuclear Engineering, University of New Mexico, 209 Farris 
Engineering Center, Albuquerque, NM 87131, Fax: 505-277-5433, plamen@unm.edu  

Direct electron transfer (DET) offers the opportunity to design bio-fuel cells with close to maximal open circuit voltage 
since the electrode processes will occur with minimal overvoltage. Our designs of oxygen (air) gas-diffusion 
electrodes and flow-through glucose oxidation anodes are based on a hierarchically porous conductive membranes 
derived from carbon paper with consecutively grown multi-walled carbon nanotubes (MWCNT). The MWCNTs are 
grown on this matrix by chemical vapor deposition (CVD) from acetylene precursor at an elevated temperature. We 
will discuss the application of Bilirubin oxidase-catalyzed air-breathing cathode and glucose oxidase-catalyzed 
anode in membraneles enzymatic bio-fuel cell design. The paper will address the mechanistic aspects of DET and 
their implications in device architectures.  

 
COLL 619 A nanocomposite for the bioelectrocatalytic reduction of oxygen to water  
G. Tayhas R. Palmore1, Jiangfeng Fei2, and Hyun-Kon Song2. (1) Division of Engineering, Division of Biology and 
Medicine, Brown University, 182 Hope Street, Box D, Providence, RI 02912, Fax: 401-863-1309, (2) Division of 
Engineering, Brown University  

Polypyrrole was examined as an immobilization matrix for laccase and ABTS for the purpose of using the resulting 
nanocomposite in the cathode compartment of a biofuel cell. Polypyrrole was chosen as an immobilization matrix 
because of its electrical conductivity, polycationic nature, and water solubility of its monomer. In addition, polypyrrole 
is easy to prepare and when prepared via electrosynthesis, tremendous flexibility and control is possible with regard 
to film characteristics such as nanostructure, thickness, dopant, and location of electrodeposited film. Enzymes 
immobilized in polypyrrole in the absence of a redox-active mediator show sluggish electron transfer kinetics. 
Inclusion of a redox-active mediator significantly improves electron transfer kinetics between polypyrrole and the 
active site of an oxidoreductase.The properties of this nanocomposite will be discussed in terms of its ability to 
reduce dioxygen to water as a function of pH, temperature and concentration of methanol.  

 
COLL 620 Designing sol-gel materials for biosensors and biofuel cells  
Bruce Dunn1, Jonathan Fang1, Esther Lan1, James Lim1, and Jeffrey I. Zink2. (1) Department of Materials Science 
and Engineering, University of California, Los Angeles, 6532 Boelter Hall, Los Angeles, CA 90095-1595, Fax: 310-
206-7353, bdunn@ucla.edu, (2) Department of chemistry and biochemistry, University of California, Los Angeles  

The flexible solution chemistry of the sol-gel process has been used to synthesize bio-hybrid materials in which a 
wide variety of biomolecules are encapsulated in a transparent, inorganic matrix. It is now well established that the 
dopant biomolecules retain their characteristic reactivities and spectroscopic properties despite being immobilized in 
the pores of the inorganic matrix. One active area of research for these materials is their sensor applications, where 



the biomolecule serves as both the biorecognition and transduction elements while the transparency of the matrix 
enables spectroscopic monitoring of the reactions. Sol-gel immobilization also serves as the basis for the electrode 
architecture used in enzymatic biofuel cells. The porous inorganic matrix holds the electrochemically active enzymes 
and allows access for both glucose and oxygen. The incorporation of carbon nanotubes in the matrix leads to higher 
current density.  

 
COLL 621 In situ electrochemical analysis of proteins within non-denaturing electrophoretic gels  
Christopher Apblett, Susan M. Brozik, and Jason C Harper, Sandia National Laboratories, PO Box 5800-0603, 
Albuquerque, NM 87185, caapble@sandia.gov  

Assaying the activity of modified enzymes is usually done using optical means, but this technique gives relatively 
little information about electron transport to a mediator or electrode, which is critical to the use of enzymes as 
catalysts in biofuel cells. Electrochemical assays can suffer from issues of protein purity and concentration near the 
electrode surface. We report a new technique, that of using three electrode electrochemical assays directly within a 
non-denaturing separation gel. This allows for purification (separated by mass in the gel) and for concentration 
(localized in the protein band) of the protein. We demonstrate the technique using a standard electrophoretic gel 
where the working electrode is rastered across the surface of the gel. Since these assays measure the current 
delivered to the working electrode directly, they represent a measure of the efficacy of electron transfer for the 
protein, the important parameter for electrocatalysts in biofuel cells.  

 
COLL 622 Layer-by-layer assembly of enzymes on carbon nanotubes  
Yuehe Lin, Guodong Liu, Jun Wang, and Bob W. Wright, Pacific Northwest National Laboratory, Richland, WA 
99352, yuehe.lin@pnl.gov  

Carbon nanotubes (CNTs) have emerged as a new class of nanomaterials that is receiving considerable interest 
because of their unique structure and mechanical and electronic properties. One promising application of CNTs 
involves their use in the construction of chemical sensors and biosensors. In this presentation, I will discuss the 
assembly of enzymes on carbon nanotubes based on layer-by-layer technique. The biosensors for glucose, choline, 
and organophosphate nerve agents based on this enzyme immobilization approach will also be discussed.  

 
COLL 623 Carbon nanotube bio-sensors  
Liming Dai, Liangti Qu, and Amanda Schrand, Department of Chemical and Materials Engineering, University of 
Dayton, 300 College Park, Dayton, Ohio, OH 45469-0240, Fax: 937-229-3433, ldai@udayton.edu  

We have previously developed a simple pyrolytic method for large-scale production of aligned carbon nanotube 
arrays perpendicular to the substrate. These aligned carbon nanotube arrays can be transferred onto various 
substrates of particular interest (e.g. polymer films for organic optoelectronic devices) in either a patterned or non-
patterned fashion. The well-aligned structure provides additional advantages for not only an efficient device 
construction but also surface functionalization. The surface functionalization of aligned carbon nanotubes is 
particularly attractive, as it allows surface characteristics of the aligned carbon nanotubes to be tuned to meet 
specific requirements for particular applications while their alignment structure can be largely retained. These 
aligned carbon nanotubes with tunable surface characteristics are of great significance to various practical 
applications ranging from sensors to electronics. For instance, we have immobilized glucose oxidase (GOX) onto the 
aligned carbon nanotube arrays by electropolymerization of pyrrole in the presence of GOX. The resultant GOX-
containing polypyrrole-carbon nanotube coaxial nanowires were shown to be promising new sensing active materials 
for making advanced glucose sensors with a high sensitivity. Single-strand DNA chains have also been chemically 
grafted onto the aligned carbon nanotube electrodes, leading to novel aligned carbon nanotube-DNA sensors of a 
high sensitivity and selectivity for probing complementary DNA and target DNA chains of specific sequences. In this 
talk, we will present our recent work on the development of aligned carbon nanotube arrays for biosensing 
applications. Some recent work on other types of carbon nanotube sensors (e.g. chemical sensors) will also be 
discussed.  

 



COLL 624 Biosynthesis of cellulose composites for fuel cell membranes  
Barbara R. Evans1, Hugh O'Neill1, and Stacy A Hutchens2. (1) Chemical Sciences Division, Oak Ridge National 
Laboratory, 4500N, 1 Bethel Valley Road, Oak Ridge, TN 37831-6194, Fax: 865-574-1275, evansb@ornl.gov, (2) 
Department of Mechanical, Aerospace, and Biomedical Engineering, University of Tennessee  

Bacterial cellulose is a pure form of cellulose that is synthesized by Gluconacetobacter spp. as a porous hydrogel 
that can be dried to a thin membrane. The properties of composite membranes based on bacterial cellulose 
combined with other materials were investigated. Catalytic membranes were prepared by reductive deposition of 
palladium and other metals by the action of the cellulose reducing ends within the hydrated cellulose matrix. 
Sequential infusion of water-soluble compounds offered another method for formation of ceramics and other 
composites. Another route for preparation of composites in the cellulose is incorporation during biosynthesis by the 
bacteria. Electron-conductive membranes were prepared by biosynthetic incorporation of graphite into bacterial 
cellulose. Composite membranes containing biosynthetically incorporated graphite and catalytically deposited 
palladium were used to construct a working polyelectrolyte membrane (PEM) fuel cell.  

 
COLL 625 Enzyme-polymer interaction study using fluorescence probes  
Anastassija Konash1, Michael J Cooney2, Bor Yann Liaw2, and David Jameson3. (1) Hawaii Natural Energy 
Institute, University of Hawaii, 1680 East West Road POST 109, Honolulu, HI 96822, Fax: 808-956-2336, 
konash@hawaii.edu, (2) Hawaii Natural Energy Institute, SOEST, University of Hawaii at Manoa, (3) Department of 
Cell and Molecular Biology, School of Medicine, University of Hawaii  

Quantification of enzyme distribution within immobilization matrices is important for biosensor and bio-fuel cell 
applications. We utilized fluorescence approaches to characterize the interactions of alcohol dehydrogenase with 
two polymer matrices, Nafion® and Eastman AQ®. Alcohol dehydrogenase was covalently labeled with amine 
reactive fluorescent probes with differing charge characteristics, namely positively (rhodamine), negatively (Alexa 
Fluor® 488) or neutrally (NBD) charged. Confocal fluorescence microscopy revealed the 3-dimensional distribution 
of the free probes and labeled enzyme throughout the polymer matrices. Fluorescence polarization provided 
information on the mobilities of the probes in these various systems. These results suggest that electrostatic 
interactions between probe and polymer can be used to study protein-nanoenvironment interaction, and their effects 
should be considered in applications of fluorescent probes (whether free or attached to the enzyme) to study the 
microchemical environment of enzyme immobilization matrices. Correspondence to mcooney@hawaii, or 
bliaw@hawaii.edu  

 
COLL 626 Nanoporous anodic aluminum oxide as substrate for functional reconstitution of G-protein 
coupled membrane receptors  
Klaus Gawrisch1, Olivier Soubias1, Alexei A. Yeliseev1, Holly C. Gaede2, Ivan V. Polozov3, and Walter E. Teague1. 
(1) National Institute on Alcohol Abuse and Alcoholism, National Institutes of Health, 5625 Fishers Lane, Rm. 3N07, 
Bethesda, MD 20892, gawrisch@helix.nih.gov, (2) Department of Chemistry, Texas A&M University, (3) Laboratory 
of Cell and Molecular Biophysics, NICHD, National Institutes of Health  

We report on a novel reconstitution method for G-protein coupled membrane receptors (GPCR) yielding single, 
tubular membranes in a solid support at very high volume concentrations, sufficient for structural studies. The 
membranes line the inner surface of pores in anodic aluminium oxide (AAO) filters, are detergent-free, and appear to 
be unperturbed by the solid support. The tubular geometry permits easy delivery of ligands. In a stack of AAO filters 
it is feasible to orient mg-quantities of membrane proteins in their natural lipid environment. The deposited 
membranes were characterized by static 2H NMR as well as magic angle spinning (MAS) 1H NMR, taking 
advantage of the improved resolution and signal intensity afforded by MAS. We successfully reconstituted the GPCR 
bovine rhodopsin as well as the peripheral cannabinoid receptor CB2 into the supported membranes. 
Photoactivation of rhodopsin as well as G-protein binding in AAO pores were indistinguishable from rhodopsin 
function in unsupported unilamellar liposomes. The reconstituted CB2 showed ligand binding activity.  

 
COLL 627 Self-assembled nanometer scale lipid bilayers for drug discovery and therapeutic delivery  
Steve Sligar, Department of Biochemistry, University of Illinois at Urbana-Champaign, 600 S. Mathews Ave., 
Urbana-Champaign, IL 61801, s-sligar@uiuc.edu  



One of the most challenging problems in biochemical science are studies of integral membrane proteins. Using 
designed amphipathic helical peptides, termed membrane scaffold proteins (MSPs) we have developed a simple 
and robust system that self-assembles phospholipids into soluble discoidal phospholipid bilayers 8-10 nm in 
diameter termed Nanodiscs®. Importantly, the same self-assembly process can be used to directly incorporate a 
variety of integral membrane proteins into Nanodiscs. The result is a native-like environment that provides stability 
and full functionality for these integral membrane protein targets. Using MSPs of varying lengths, the size and 
composition of the Nanodiscs can also control the oligomerization state of incorporated targets. During my 
presentation I will relay our most recent results in the incorporation of integral membrane enzyme, receptors and 
blood coagulation scaffolds into Nanodiscs as well as the biophysical and biochemical characterization of these 
nanostructures. Our research is supported by the National Institutes of Health grants GM33775 and GM31756.  

 
COLL 628 From surfactant binding to understanding stability of membrane proteins  
M. Gabriella Santonicola, Eric W. Kaler, and Abraham M. Lenhoff, Department of Chemical Engineering, University 
of Delaware, Colburn Laboratory, 150 Academy Street, Newark, DE 19716, santonic@che.udel.edu  

Membrane proteins are often characterized by poor stability when solubilized in surfactant solutions. Understanding 
how surfactants self-assemble around these proteins and affect their stability is the key to increase success rates in 
crystallization and functional studies of these proteins. Sedimentation equilibrium and small-angle neutron scattering 
with contrast variation are used to quantify binding of alkyl polyglucoside surfactants to bacteriorhodopsin. Results 
indicate that the mode of binding shifts from monolayer to larger shell with increasing the surfactant chain length and 
does not correlate with micellar aggregation number even for small and predominantly hydrophobic membrane 
proteins. In addition, stability studies show that the monolayer type of binding directly links to limited stability of 
bacteriorhodopsin under different solution conditions, including light illumination.  

 
COLL 629 Interactions of membrane proteins in solution measured by self interaction chromatography  
Carolina L. Bianco, Bryan W. Berger, Eric W. Kaler, and Abraham M. Lenhoff, Chemical Engineering Department, 
University of Delaware, 150 Academy St, Newark, DE 19716, bianco@che.udel.edu  

Crystallization is one of the greatest challenges limiting our structural knowledge of membrane proteins, because it 
requires solution conditions in which protein-detergent interactions and protein-protein interactions are balanced. 
Currently, crystallization requires extensive and costly empirical trials. The osmotic second virial coefficient (B22) 
can be used as a probe of solution conditions that promote crystallization of both globular and membrane proteins. 
Additionally, for membrane proteins, surfactant solutions near a phase boundary are known to promote 
crystallization. In this work we use self-interaction chromatography for B22 measurements of protein-detergent 
complexes (PDCs) of membrane proteins in solution. Specifically, bacteriorhodopsin (BR), diacylglycerol kinase 
(DGK), and the outer membrane protein X (ompX) were studied. A direct relationship is observed between the cloud 
point temperature for a given surfactant solution and the corresponding B22 value of the different membrane 
proteins. These results suggest that detergent interactions may play a constructive role in promoting crystallization of 
these proteins and offer a means by which to manipulate it systematically.  

 
COLL 630 Applicability of simple fluid theories to the crystallization of small and large molecules  
Charles F. Zukoski, Department of Chemical and Biomolecular Engineering, University of Illinois, 600 S. Mathews 
Ave., Urbana, IL 61801, czukoski@uiuc.edu, G. He, Chemical and Biomolecular Engineering, University of Illinois, 
Reginald B. Tan, Chemical and Biomolecular Engineering, National University of Singapore, and PJA Kenis, 
Department of Chemical & Biomolecular Engineering, University of Illinois  

Simple fluid models have been developed in statistical mechanics to explore the effects of intermolecular potentials 
on phase behavior. These models ignore details of interactions such as molecular structure and anisotropic 
interactions but are in rationalizing the phase behavior of soluble proteins. The challenge in applying these models to 
real systems is developing methods of estimating the strength of and range of attraction under different solvent 
systems. An extensive literature has developed around the use of the osmotic second virial coefficient to link 
experimental variables to interaction energy parameters used in simple fluid theories. For small molecules, the 
second virial coefficient is difficult to measure. Here we explore the use of long time self diffusivity to estimate the 



strength and range of attraction of small molecules. We explore the ability of simple fluid theories to predict solubility 
and location of the metastable fluid/fluid phase boundary for small molecules.  

 
COLL 631 Detergents and membrane protein crystallization: Physical-chemical approaches vs. empirical 
screening methods  
Michael C. Wiener, Molecular Physiology and Biological Physics, University of Virginia, PO Box 800736, 
Charlottesville, VA 22908-0736, Fax: 434-982-1616, mwiener@virginia.edu  

Membrane proteins comprise 15-30% of the proteins of an organism, and are important both for their fundamental 
functions and for their biomedical relevance. The majority of current and future drug targets are integral membrane 
proteins. The elucidation of membrane protein structures by x-ray crystallography is a frontier area of structural 
biology. The goal of this endeavor is structures at a resolution of ~3.5Å or better, where amino acid sidechain 
positions can be determined, where mutagenesis experiments for function can be designed, where mechanism can 
be inferred and tested, where structure-based lead discovery can be performed. The goal is NOT crystals per se; it 
is crystals that lead to structures. With essentially no exception, membrane proteins are solubilized by detergents 
that mimic and replace the native lipid membrane environment; the protein-detergent complex (PDC) is the entity 
that is crystallized. An ongoing debate (perhaps unnoticed by many) is whether physical-chemical studies of 
(membrane) protein crystallization, detergent phase behavior, etc. can provide higher structure determination 
throughput. The focus of our lab is the determination of integral membrane structures of both fundamental and 
biotechnological/biomedical interest, with an increasing emphasis on human membrane proteins. We are deeply 
engaged in methods development, including crystallization screen development based upon detergent phase 
behavior, and characterization of the protein-detergent complex. Current results and perspectives (from our lab and 
the literature) will be presented.  

 
COLL 632 Interaction energy between membrane-embedded neuronal SNARE proteins  
Feng Li1, Frederic Pincet1, Eric Perez1, James E. Rothman2, and David Tareste2. (1) Laboratoire de Physique 
Statistique de l'Ecole Normale Supérieure, Ecole Normale Supérieure, 24 rue Lhomond, Paris 75231, France, Fax: 
33 1 44 32 34 33, fengli@lps.ens.fr, (2) Department of Physiology and Cellular Biophysics, Columbia University  

Fusion between two membranes that approach each other does not occur spontaneously. An energetic barrier has 
to be overcome in order to remove water molecules from the space between the two membranes, to bend the two 
membranes and to create some intermediate non-bilayer lipid structures, resulting in fusion. The role of SNARE 
proteins in intracellular membrane fusion is now well described. However the exact molecular mechanism of 
SNARE-induced membrane fusion is still poorly understood.  

We studied the interactions between assemblies of cognate neuronal SNARE proteins embedded in lipid bilayers 
using the Surface Force Apparatus. The direct force measurements provide crucial information about the relation 
between the extent of SNARE-zippering and the strength of SNARE-bilayers adhesion, and give new insight on the 
kinetics of SNARE-pin association. 

 
COLL 633 Statistical pattern matching in innate immunity  
Deborah Leckband1, Sindhu Menon1, Maureen Taylor2, Kurt Drickamer2, Alex Powsland2, and Sarah Graham2. (1) 
Department of Chemistry, University of Illinois, 600 South Mathews Ave., Urbana, IL 61801, Fax: 217-333-5052, 
leckband@uiuc.edu, (2) Division of Molecular Biosciences, Imperial College London  

Carbohydrate binding proteins play a major role in innate immunity. Many of these lectins contain multiple 
carbohydrate recognition domains (CRDs). Structural studies suggest that the arrangement of CRDs in the protein 
evolved to match the spatial distribution of carbohydrates on bacterial surfaces. In this study, we used surface 
plasmon resonance and force measurements to test whether statistical pattern matching between the CRDs of the 
mannose binding protein (MBP) and the glycolipid distribution in supported planar bilayers results in a substantial 
enhancement of the binding affinity. Rather than gradually increasing with the glycolipid surface density, we show 
that the MBP affinity jumps dramatically when the average distance between glycolipids on gel phase membranes 
matches the distance between the CRDs. These findings support the hypothesis that the biological activity of 



multivalent lectin receptors depends not only on the number of recognition domains in the protein structure but also 
on their spatial distribution.  

 
Bottom of Form 

 


